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CHAPTER XI - MANUFACTURING 

11.1 Manufacturing - General 

11.1.1 Back~round. Scintilla Division of Bendix Aviation 
Corporation 1S located at Sidney, New York, a village in a 
rural section of Central New York in the western foothills 
of the Catskill Mountains. 

The Division was originally Scintilla Magneto Co. 
Inc., established in May 1921 when the Scintilla Magneto was 
introduced to American markets from its switzerland origin. 
Manufacturing began in Sidney in 1925, and in 1929 the 
Division became a subsidiary of Bendix followed in 1939 by 
its designation as a Division of Bendix. The Scintilla Magneto 
was so good it captured 95% of the magneto market and still 
represents a considerable portion of the Division's annual 
sales volume. The pre-eminence of the magneto was due in all 
probability to the unsurpassed quality standards maintained 
by Scintilla. This emphasis on quality has been carried forward 
to the present day with respect to all products manufactured. 

Although still important, the magneto is slowly 
giving way to many other products. In fact, so wide is the 
variety of customer requirements that the present Scintilla 
policy is that of a I: job shop" tha t produces only on receipt 
of a customer order. Scintilla designs and manufactures 
complete ignition systems for missiles, jet engines, gas 
turbines, and aircraft piston engines. Various electronic 
devices for such systems are also produced by the division. 
In addition, quality ignition systems are produced for auto
motive, stationary, and marine engines. Fuel injection pumps, 
nozzles, and nozzle holders are manufactured for diesel engines. 
And since 1947, in a steadily growing electrical plug-in
connector market, Scintilla has become a volume producer of 
these units for all types of service. Present products can 
be grouped into five categories as follows: 

1. Mechanical Ceramics 
Air Pressure Pumps 
Governors 
Service Tools 
Manufacturing Tools and Gages 



2. Electro-Mechanical 

3. Electronic 

4. Hydraulic 

5. Electrical 
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Battery Ignition Timers 
Dist. Assy. Heads, Fingers 
Switches 
Magnetos 

Jet Ignition Equipment 
Ignition Analyzers 

Fuel Pumps 
Nozzle -Holders 
Spray Tips 
Nozzles 

Relays and Panels 
Vibrators 
Filters 
Ignition Coils 
Ignition Leads 
Jet Ignition Plugs and Primerf 
Harnesses and Manifolds 
Electrical Connectors 

Such a wide variety of products has resulted in the 
development of a correspondingly wide variety of manufacturing 
facilities and skills. The below listed operations and 
processes categorize the present Scintilla manufacturing "job 
shop" activities. 

General Machining - Ferrous, Non-Ferrous, Non-Metallic 
Precision Honing 
Automatics and Turning 
Tube Bending and Sheetmetal Fabrication 
Heat Treating and Nitriding 
Sand Blasting, Vapor Blasting, Metal Spraying 
Dichromating 
Painting 
Soldering 
Brazing - Induction, Flame, Silver 
Welding - spot, Resistance, Inert Gas Fusion 
Coil and Condenser Winding 
Impregnation 
Ceramic Manufacture 
Die Casting 
Plastic Molding 
Tool and Gage Making 
Assembly - Mechanical, Electrical, Electronic 
Plating - Gold, Silver, Nickel, Chrome, Cadmium, Tin, 

Copper, Zinc, Brass, Black Oxide, Anodize 
Parko Lubrite. 
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To provide the requisite personnel skills for these 
various operations and processes, Scintilla draws on the labor 
force of Sidney and from a commuting radius as far as fifty 
miles. Being the only large manufacturing concern in the 
area Scintilla has a primary interest in maintaining a stable, 
satisfied labor force so as to keep the labor pool intact. 

The end result of the manufacturing process is an 
annual sales volume of an estimated $42,000,000, broken down 
into product categories as follows: 

Aircraft Magnetos, Distributors, Heads & Fingers 
Aircraft Harnesses, Leads, Cable Assemblies 
Aircraft Coils, Switches, Filters 
Ignition Analyzers and Equipment 
Jet Ignition Equipment and Plugs 
Spare Parts, Service Tools, Repair Sales 
Ordnance, Industrial,Auto, Crankshaft, & H Magnetos 
Fuel Injection Units and Parts 
Electrical Connectors 
Miscellaneous 

$3,500,000 
6,500,000 
2,500,000 

500,000 
6,500,000 
5,000,000 
4,000,000 
2,500,000 
9,000,000 
2,000,000 

$42,000,000 

These sales represent an extremely wide variation 
in types, sizes and other unique characteristics within each 
product category. For instance in electrical connectors alone 
there are over 60 1 000 different variations involved in one 
year's sales. 

The customer market for Scintilla is principally 
either government or primary government contractors. There 
is at present an attempt to try and capture more of a compet
itive commercial market so as to reduce dependence on govern
ment contracts. 

The following pictures portray various aspects of 
SCintilla, Scintilla products, and manufacturing. 

11.1.2 Study APtroach. To begin, it is suggested that a 
sales order resu ts when the following criteria have been 
satisfied: the customer can get what he wants; the customer 
can get it when he wants it; the customer can get as many as 
he wants; and he can get it at the price he is willing to 
pay. These customer criteria, for any supplier, including 
Scintilla, should be formally evaluated to obtain optimum 
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balance. Certainly acceptance of any small lot order of 
non-standard items to satisfy the first criteria will operate 
adversely with respect to the others. 

With these criteria in mind it will be assumed 
that the primary objective of any manufacturing concern is 
obtaining a reasonable return on invested capital through 
the conversion of primary materials into customer products 
of specified design, quality, and quantity at the lowest 
possible cost and in the least possible time. 

To meet this objective certain essential elements 
must exist as a total "system." This element-system and its 
relationship to the conversion process can be diagrammed as 
shown on Chart 11.1.2-1, Figure 1. 

System-Element Categories and Definitions 

Resources: The population of men, facilities, money and 
material available for the conversion process. 

Organization: The division of the resources into specialized 
activity areas with aSSignment of authority 
and responsibility. 

Communications: The flow of intelligence by which the activity 
areas function as a whole, and through which 
the activities are goal-oriented and goal
controlled. 

Planning: The consciousness of the organization which 
formulates the standards of the activity areas, 
and acts to guide and coordinate the activities 
toward goal-realization. 

Standards: The goals (objectives) of any unit in the 
system, established as an end product of the 
planning element, and acting as the elected 
courses of action along which the unit activ
ities are motivated to proceed within certain 
limits. 

Direction: The function of applying authority in the 
initiation, delegation, supervision, and 
correction of activity. 

Operations: The directed functional activities which 
actually "dol! the planned activity. 
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The detection and evaluation of goal variance 
with subsequent communication feedback to 
management and operational control centers 
for the initiation of corrective action. 

Since all the system effort spent in satisfying the 
customer criteria of time, quantity, and quality is ultimately 
reflected in the cost, and all four inter-dependent criteria 
determine how much the customer will pay, we have over-all 
system effectiveness determined by costs and sales, as illus
trated on Chart 11.1.2-1, Figure 2. 

It can be assumed at this point that, with certain 
exceptions, costs are generated within or charged ' to the 
manufacturing department. Further, manufacturing is charged 
with the responsibility of meeting the customer criteria of 
quantity, quality, and time. Therefore system effectiveness 
is in large part a measure to be evaluated in terms of the 
manufacturing activity, and specifically in terms of Production 
Efficiency which can be illustrated by the Volume-Cost-Profit 
Chart, shown on Chart 11.102-2. In reference to the chart, 
since productive costs are fixed and non-reducible, any in
crease in productive efficiency will reflect a decrease in 
non-productive costs further reflected as an increase in 
system effectiveness. 

It can also be seen under the conditions of the 
chart that gross margin of the system (effectiveness) can be 
increased by an increase in unit sale price, or more important 
by an increase in volume (profit cannot be talked about except 
in terms of volume). The increase in volume becomes an essen
tial consideration if attention is given to quantity-time-cost 
relationships shown on Chart 11.1.2-3, Figures 1 and 2. These 
functions represent typical established relationships. For 
instance if we consider Figure 1 as a "learning curve" it can 
be seen that as a worker becomes more and more skilled at his 
job the time per unit decreases and his output (volume) 
increases. Similarly a methods improvement will reduce the 
time per unit and increase volume output. With respect to 
Figure 2, consider first the fixed cost aspect of production. 
That is, as volume goes up the fixed costs (facilities, 
service departments etc.) are absorbed over more and more 
units so that cost/unit decreases. Further, a deSign improve
ment, such as using standardized components will result in 
less time per unit, hence increased volume and lower cost/unit. 

Since the manufacturing department has primary 
control over time and cost standards, and has primary respon-
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sibility for adhering to quality standards, it is the objec
tive of this study group to become familiar with all the 
system elements, to determine their parameters, and make 
such recommendations for their revision as are considered 
sound with respect to improving production efficiency. Addi
tional evaluation will be made on the basis of variance 
analysis, that is, what is the actual performance in relation 
to what it should or could be. A typical variance chart is 
illustrated by Chart 11.1.2-3, Figure 3. 

Data collection will predominantly involve the 
sampling technique due not only to the immensity of the total 
data and the non-availability in many cases of requisite 
summarizations, but due to the desirability in some instances 
of checking the data for reliability and validity. The 
sampling technique (also called at times "Ratio-Delay" and 
"Frequency Study") is discussed in the "Industrial Engineering 
Handbook" by He B. Maynard and published by McGraw Hill Book 
Co., First Edition, 1956. Refer to chapter 5 of Section 3. 

It was initially determined that Scintilla manufac
turing was too big, too complex--and time too limited--to 
study all the organizational elements, all the procedures, 
all the systems, all the methods, or all the products. There
fore the above mentioned analysis tools, along with sampling 
studies were to be used to determine areas of weakness in 
the system as a whole related to the primary standards of 
cost, time, quality, and quantity. Then, applying the tech
nique of the tlexception principle ll these weaknesses were to 
be used as guide posts in checking back through the manufac
turing system to find the cause--and possible improvements. 

Basic cost and sales data used throughout this 
.repoi\t (' are primarily inferred estimates. They were generated 
by sampling techniques based on the principle that by sampling 
a result a statistical inference can be made about the cause. 
It was not the purpose of the study group to delve into the 
actual cost and profit structure of Scintilla and, more 
importantly not to report it. Therefore certain data has 
been arbitrarily modified. However, existing relative struc
tures were stringently maintained to indicate significant 
areas which this group feels that Scintilla could profitably 
investigate further. A brief discussion of Statistical 
Analysis is presented in Chart 11.1.2-4. For a more detailed 
discussion see any text on Statistical Quality Control. 
SCintilla's own Quality Control Manual is considered an 
excellent source. 
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f a universe is 93.mpled p and plotted as a frequency distribution, 
tains certain charac eris i es. In the ideal situation we get a 
1 gl dis ribution shown in f i gures 1 and 2 . In figure I the dis
ion is in terms of dis wr et data , such as percent of occurrence 
ertain element, where pi is the universe mean9 and p is a typical 
percentage. In figure 2 the distribution is continuous data p 

X ~ is the universe mean and X is a t ypical sample mean.o- repre
the standard deviation, or error, of the mean p where:t 0 encloses 
the area ( poss~bilities) under the curve,:t~6"'" encloses 95%; and 

907% 0 
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along the distribution within±~ limits. The acceptable toler
and the possibility of being wrong in the samp ing observations 
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Where p is the percent occurrence of 
the element soughtll expressed as a 
decimal, and N is the total number 
of observations. 

Where X is tne numerical value of any 
observed occurrence and f is the num
ber of times that particular value was 
observed in the t otal series of obser-
ations o 

This means that for any ample the tolerance limi s are given by 01 
~e accuracy of the sampled data is given by~ divided by p. In 
tatistical sampling stUdies of this report 9 tolerance limits will 
ken at 25.%, meaning that 95 t imes ou of 100 the observed occur-

(p or X)P+ZOll will in lude the true universe mean. 

One further note for t he above relationships to be held valid p 

observations mu;t be greater than 30, and preferably greater than 
so that the sample standard deviation 1s equivalent to the universe 

a,eviation o 
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Presentation will be in the order of the system 
elements discussed previously. 

11.2 Manufacturing - Resources. System resources include 
the total population of money, facilities, men and material 
available for the manufacturing conversion of primary materials 
into sale products . 

11.2.1 Facilities 

11 0 2.1.1 Plant. Scintilla Division has 98 . 3 acres of real 
estate of which 35 acres are now occupied. The plant itself 
contains 538,070 square feet of floor space, with an additional 
leased capacity of 31,884 square feet. Of this total, 42 . 6% 
is assigned to productive manufacturing. (See Chart 11.2.1-1 
for detailed data on floor space allocation.) In relation 
to this plant floor space allocation, the plant flow diagram 
under the "Operations" section, is a print of the general 
plant layout by departmental activities. 

The plant is fenced and further protected by a 
guard force, alarm system, and fire protection systems . Trans 
portation facilities include railroad, trucking, and a munic 
ipal airport from which two company owned aircraft are operated. 
utilities include electric power, which is 100% purchased, 
coal and gas fuels, and water from both the municipal system 
and a plant deep-well . The 33,000 square feet in the elec 
tronics building is air conditioned. 

11.2.1.2 New Construction. In addition to the present plant 
a new series of plant additions are being constructed . This 
construction will take place in the form of four "cells" in 
sequence over the next few years, the first cell to be completed 
by this June . The new additions are primarily for the purpose 
of housing an integrated manufacturing center for the expanding 
electrical plug-in-connectors . Each cell will represent about 
20,000 additional square feet of which about 60% will be 
productive manufacturing floor space . 

11 . 2 . 1 . 3 Machinery and Eguipment. Capital assets of Scintilla 
Division are estimated to be about $5,000,000 of which approx
imately 35% is government owned. Government owned equipment, 
if used for commercial application is rented at a negotiated 
rate . Present government rental amounts to about $50,000 per 
year . Other rental costs are incurred in the form of data 
processing equipment at the rate of about $65,000 per year . 
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A partial list of machines and equipment available 
for wide-variety manufacture include 195 lathes, 196 grinding 
machines, 77 punch presses, 32 gear cutters, 460 various 
borers, buffers, benders, die-casters, tappers, shearers, 
rivetters, etc., 20 units for sheetmetal parts fabrication, 
124 units for plastic molding, 33 units for ceramic parts 
manufacturer, and 130 units for producing coils, condensers, 
relays, etc. Of this equipment, the manufacturing department 
has owned-machine-and-equipment facilities estimated at a 
present value of $1,800,000 with an average life of 6 years. 
A detailed breakdown of these facilities, by department and 
by machine categories is to be found on Chart 11.2.1-4. The 
breakdown further indicates the Scintilla operation (machine) 
code assigned each type and the corresponding load (efficiency) 
factor applied for mobilization planning, and also the estimated 
annual depreciation rate. 

In addition, some new equipment has already been 
purchased, with more on order, for the new plant addition. 

It should be noted that a considerable number of 
machines and equipment are not assigned to the manufacturing 
department in that Engineering maintains its own experimental 
shop, Sales manufactures its own small service tools, and the 
tool room has a considerable number for making tools and gages. 

11.2.2 Men. Scintilla Division employs 4,684 persons of which 
2,592 are-In an indirect labor classification at an estimated 
annual payroll of $11,530,000, and 2092 are direct labor 
manufacturing depa rtment personnel at an estimated annual 
payroll of $8,350,000. Charts 11.2.2-1 and 11.2.2-2 detail 
these two categories by departmental assignment. About 30% 
of the employees are female. 

The manufacturing department uses a wage-incentive 
system based on piece rate with a guaranteed base. Average 
base pay is $1.65/hour. Not all direct labor, such as setup 
men, etc. are on incentive. Of those that are, 23% of the 
time is at base rate due to jobs not being rated, machine 
setup, etc. The incentive workers earn on the average (includ
ing straight time) 127% base. Total % direct labor hours spent 
on straight time, including non-incentive workers, is 40%. 

Direct labor accounts for a large proportion of 
product costs in that total f acility costs approximate $960,000 
While direct labor is estimated at $8,350,000. Direct labor, 
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INFERRED INDIRECT LABOR DATA 

~P. TMENT DEPARTMENT ASSUMED BASE NUMBER OF GROSS MONTHLY 
pl"lrlER NAME MONTHLY PAY PERSONNEL PAYROLL 

1 ExecoAdmino 800 13 $ 1011400 
2 ExecoMfgo 800 14 11g200 
3 Shop Super. 600 18 10;,800 

~ 
Purchasing 370 26 911 600 
Prod.Eng. 500 50 25 11 000 

6 Prod .. Offices 370 114 42;000 
7 stores 370 80 29~400 
8 Tool Eng . 500 39 19;,.500 
9 Moul d Design .500 9 4;.500 

10 Tool Cribs 350 34 11' 900 
11 Tool Room 350 214 74;500 
12 Maintenance 3.50 67 23;300 
13 Truckers 350 126 43~800 
14 Guards 350 29 109100 
15 Boiler Room 350 9 3;100 
16 Receivi ng 3.50 _8 6;,200 
17 ProdoS t ds. 350 36 12;.500 
18 Salvage 350 3 1;100 
70 Accounting 3.50 98 34,000 
72 Office Ser vo 350 25 8;,700 
73 Payroll 3.50 25 8;700 
74 Timekeepi ng 350 31 10 9800 
75 AoI.M.P. 600 .5 3,000 
80 Sales 350 148 51;.500 
81 Shi ppi ng .350 116 40;,400 
82 Chauffeurs,e tc . 350 12 4;200 
83 Sales Servi ce 350 17 5,900 
87 Servi ce Offi ce 3.50 10 39;400 
88 Service Repair 350 20 7~000 
90 Engineering .500 213 106 11 .500 
91 Research Lab 500 140 70,000 
92 Experimental 500 121 60;.500 
94 Personne l 3.50 23 8;100 
95 Medical 350 9 3;100 
98 Tabulat i ng 350 19 6;,600 
99 Inspec tton 3.50 500 1779 000 

1.00 Quality Cont o 500 64 3211000 

TOTAL MONTHLY 2.592 $1,025 11 000 

TOTAL ANNUALLY $11J)530 11 000 

{!J!,;!/?T 11,;;, J-1 



INFERRED DIRECT LABOR DATA 

DEPARTMENT ASSUME BASE NUMBER OF GROSS MONTHLY 
NAME MONTHLY PAY PERSONNEL PAYROLL 

25 Trainees 300 125 $ 37,500 
26 Automatics 360 112 40,100 
27 Punch Press 360 68 24,300 
28 Lathes 360 129 46,100 
29 Lt . Metal Mach. 360 89 31;900 
30 Steel Mach 360 67 23,900 
31 Fuel Pump 360 97 34,700 
32 Processing 360 162 57; 900· 
33 Cam & Gear 360 31 11,100 
34 Sundry 360 102 36,500 
36 Die Cast 360 43 15;400 
37 Moulding 360 70 25,100 
38 Coil 360 IJt 62,300 . 
39 Mould Mach. 360 12,800 
40 Commercial 360 34 12;200 
41 K&H Magnetos 360 21 7,500 
42 Assembly 360 74 2~,500 
43 Ceramics 360 25 9,000 
44 Plastics 360 67 24;000 
47 Harnesses 360 106 38,000 
48 Elec. Connectors 360 448 160,500 
49 I gni tion, Plugs 360 12 4,300 

TOTAL MONTHLY 2092 $ 741,000 

TOTAL ANNUALLY $8,350,000 

Monthly Base Computed as follows: 

$2 .01 Avg. Hourly Wage x 41 . 4 Hrs/week x 4. 33 Week/month 

Annual period assumed to be 12 months less 3 weeks vacation 
and leave = 11 . 25 months. 

Chart 11 . 2. 2-2 
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e~cluding allowances , is that amount directly costed to the 
product. In addition to this, each direct labor hour earns 
certain "allowances" such as vacation pay, overtime, etc., 
that are charged to overhead burden expense. Costs by product 
categories, as percent of sale price, are as follows: 

Product Category 

Electrical Connectors 
Harnesses, Leads, Cable Assy. 
Jet Ignition Equip. & Plugs 
Spares, Tools, Servo Repairs 
Industrial Mags 
Aircraft Mags 
Fuel Injection Units & Parts 
Coils, Switches, Filters 
Ignition Analyzers & Equip. 
Miscellaneous 

% Sale Price of 
D.L. Excluding 
Allowances 

14076 
10.06 
11.65 
7.80 
15~88 
13.58 
19.15 
12.00 
10.23 
17.05 

% Sa Ie Price of 
D.L. Including 
Allowances 

22.60 
15.40 
17.85 
11.90 
24030 
20.75 
29.30 
18.40 
15.70 
26.10 

11.2.3 Material. An inventory of an estimated $3,500,000 is 
maintained which is primarily work in process. There is no 
finished goods inventory, as such. Some completed work is on 
the shelves as stock spares or as units completed ahead of 
scheduled shipping date. Raw material inventory is maintained 
at minimum level related to orders-on hand, (some raw material 
is accumulated ahead of orders on the basis of advance releases 
predicated on a "firm" short-run forecast). 

Direct material, like direct labor, constitutes a 
considerable part of the product cost. Annual material costs 
are estimated at about $11,000,000 annually at the present 
level of production. Of this amount, about 6% is material 
work-scrap cost and about 7% is product rejection-scrap cost. 
An active salvage section functions to regain some of this 
loss. 

The following tabulation indicates the material 
cost by product category as a function of the sale price. 



Product Category 

Electrical Connectors 
Harnesses, Leads, Cable Assys. 
Jet Ignition Equip. & Plugs 
Spares, Tools, Service Repair 
Ind., Ord., Auto, H Mags, etc. 
Aircraft Magnetos 
Fuel Injection Units & Parts 
Coils, Switches, Filters 
Ignition Analyzers & Equip. 
Miscellaneous 
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% Sale Price of 
Direct Material 

22.71 
26.42 
26.40 
27.06 
30.35 
18.66 

8.53 
30.00 
34.67 
26.15 

11.3 Organization. The division of the resources into spe
cialized activIty areas with assignment of authority and re
sponsibility. 

11.3.1 General. The need for an organization is created 
when the tGp executive of any activity has more than he can 
efficiently do himself. He delegates certain functions to 
specialists who manage the delegated activities. One such 
function is planning. This group believes that if all other 
recommendations fail to become incorporated, the modification 
of the Division's organizational structure is mandatory, par
ticularly to place the necessary emphasis on the planning 
function and to bri~g the objectives of the Division into 
dynamic perspective o With the right man in the job, with 
the job responsibilities clearly defined, and with the in
cumbent holding requisite authority it is axiomatic that 
the responsibilities will be discharged with a high degree 
of efficiency. Thus, a reorganization must be paralled with 
an organization manual setting forth job descriptions as 
carefully as possible, and further paralled with the most 
critical placement of personnel. 

11.3.2 Present Organization. The present manufacturing or
ganization is dIscussed in Chapter I, Organization, down 
through the intermediate levels of supervision. Levels and 
functions below this are covered in individual sections with
in this Chapter. Therefore, no additional present organiza
tional analysis will be attempted here. 
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11.3.3 Proposed Organization. The General Manager's 
authority stems from the parent company who expects him to 
return a reasonable profit. In order to ensure continuous 
performance he must plan ahead. Here a choice exists. He 
can do the work himself or he can charge each of his sub
ordinates to do their respective planning wherein he then 
co-ordinates the planning activities between them. This 
is the present concept. 

We submit that each of these major subordinates, 
i.e., Sales, Engineering, Manufacturing, etc., inherently 
do not at all times treat the best interest of the company 
objectively. Desires of Sales and Manufac.turing are his
torically divergent. Their planning consequently may be 
prejudiced. Periodic, major issues should of course be co
ordinated by the General Managero But a continuing, high
level, long-range, responsibly charged function should exist 
to provide such an objective co-ordinated plan on a routine 
basis. It is therefore proposed that a position be estab
lished to function as the Chief Planner as head of a Planning 
Department for the Divis ion to ("'pera te direc tly under the 
General Manager, on equal 'level with the present Departmental 
Managers. As discussed in subsequent sections, this depart
ment studies the Division 2s objectives, advises the General 
Manager , and through the General Manager's authority issues 
plans that may affect all departments to ensure that the ob
jectives will be met. These plans must be based on standards, 
consequently included under the Planning Department is the 
function of Industrial Engineering. 

Chart 11.3-1 portrays the recommended organization 
of the Planning Department. 

Pre-Planning Section 

1. 
2. 
3. 

4. 
5. 

6. 

7. 

Evaluation of present and future Scintilla requirements. 
Forecasting of requirements with regard to mobilization. 
Evaluation and forecasting of capital expenditures and 
flow. 
Evaluation of the economic situation with regard to 
products, facilities and materials. 
Development of master schedules and quotas for all de
partments. 
Initiation, development and analysis of pilot-runs 
when necessary. 
Estimating (in all its broad applications) , and routine 
quote service. 
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8. Cost Analysis. 
9. Co-ordination and Liaison on new products and engineering 

changes. 

Industrial Engineering Section 

1. Methods Engineering. To utilize every proven technique 
in a co-ordinated and systematic approach to the problem 
of improving work methods. 

2. Production Standards. To develop and install economic 
and accurate standards of performance for all possible 
functions to be performed in achieving the objectives of 
the Scintilla Division . 

3. Layout Engineering. To maintain current data on all 
factors affecting plant layout and to plan and co-ordinate 
existing and proposed layout arrangements. 

4. Standardization. To develop and install criteria or 
policies that will promote uniform practices and condi
tions with all departments of the pl ant and permit their 
control through comparisons. 

5. Cost Reduction. To organize and guide a continuing 
plant-wide cost reduction program. 

Chart 11.3~2 portrays the recommended revised 
organization for the Manufacturing (Factory) Manager. Under 
this organization, Purchasing will not be discussed since 
essentially it performs the same function and retains the 
same job descriptions as presently exist. The Plant Engineer, 
although somewhat modified retains essentially the same func 
tions and responsibilities as at present. Modifications that 
do vary from present are self obvious in the block-titles 
and will not be further discussed. The Manufacturing Engineer 
(~aster Mechanic) retains present functions and job description 
wlth the exception of long-range planning activities and those 
activities relating to Industrial Engineering and will there
fore not be defined in more detail . Present duties are analyzed 
in Section 11 . 5. Finally, the Assistant Manufacturing Manager 
an~ the Faotory Superintendents in the line organization re
maln unchanged with the exception that one additional Manu
facturing Machining Superintendent is recommended to reduce 
the span of control existing in the present organization . The 
two remaining staff aotivities namely Production Scheduling 
and Production Control include' the following functional re 
sponsibilities: 
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Production Scheduling Section. The principal objective of 
this section is to produce a departmental work station load
ing schedule to carry out as efficiently as possible the 
master unit manufacturing and assembly schedules developed 
by the Planning Department. The section consists of four 
groups: Production Scheduling, Routing, Inventory Control, 
and Tabulating organized as shown on Chart 11.3-2. Signifi
cant functions of the Production Scheduling Section are out
lined below. 

1. 

2. 

3. 

4. 

5. 

6. 

Determines net requirements for components 
necessary to complete master schedules. 
Classifies net requirements by means of a 
priority classification system based on 
criteria that will maximize earnings po
tential commensurate with other Scintilla 
objectives. 
Autho~izes the use of raw materials and . 
finished parts in support of the manufac
turing and assembly sohedules. 
Incorporates into the scheduling procedure 
manufacturing and assembly operation process 
sequences, and determ:'nes "build" times using 
engi~eered time standards. 
Develops and issues departmental work station 
lead schedules in the form of job tickets, 
cards, or other appropriate means. 
Prov!des tabulating and/or computing services 
for departments, section, and groups engaged 
in executing and controlling production ac
tivities. 

Production Control Section. The essential activity of this 
section is that of execution and control of the departmental 
schedules developed by the Production Scheduling Section. 
The section consists of two groups: Material/Traffic Control 
and Schedule Control organized as shown on Chart 11.3-2. In 
support of the overall objective, the Production Control Sec
tion accomplishes the following: 

1. 

2. 

Stores, issues, and physically accounts for 
raw materials and finished components neces
sary in direct support of production schedules. 
Stores issues control and physically accounts , , 
for miscellaneous production supplies. 
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3. Moves production components and materials from 
and to storage areas; intra and inter-department 
movement of materials in accordance with the re
quirements of the departmental work station 
loading schedule. 

4. Issues in proper sequence the promulgated manu
facturing and assembly schedules via departmental 
dispatchers working in cooperation with the fore
men. 

50 Progresses the successful fulfillm6nt of sched
ules; signals non-compliance with scheduled ac
tivities; accomplishes necessary expediting 
work. 

11.4 Communications. The flow of intelligence by which the 
organized activity areas function as a whole and through 
which the activities are goal-oriented and goal-controlled. 

Distlussion 

The basic concept of comm~nioations as used herein 
is as applied to IIcontrol communications", although other 
aspects with regard to employee morale, routine administra
tive procedures, e tc~s through the w~de range of communica
tion applications in the transfer of any type intelligence 
are of equal impor'"(";ance to the smooth functioning of any or
ganization. Contro~ communications can only be discussed as 
a "system". Control cannot be an individual function except 
as a responsibility at the highest levels of management, 
where the function by definition is to plan and control. 
After delegation of responsibilities from these top levels, 
the various activities must be linked, co-ordinated, and di
rected through control systems. 

Chart 11.4-1, figure 1, representa a simple loop 
with first order feedback. A certain goal (standard) is set 
as the input, which in turn operates the drive mechanism (B) 
which causes a resultant action (C). The actual output 
characteristic ct (C), which may be different from the set 
goal, is fed back from (C) to (A) and any error is detected 
and applied to the drive mechanism control at (D) to neduce 
the output error. A simple system such as this includes all 
the elements comprising the remainder of the manufacturing 
section in this report, namely: planned standards (goals), 
direction, operations, and appraisal, which can then be 
analyzed in terms of a conventional communication closed 
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loop, as shown in Chart 11.4-1, figure 2. Figure 3 of the 
same chart portrays a specific example of an order scheduling 
system. In many cases of course there may be a combination 
of the block elements, thus in figure 3, a system on a single 
order might have the action monitor as an expediter who would 
merely be feeding information to himself and detecting the 
delay-error. 

The value of such an analysis lies in the fact that 
if the control communication system does not exist for any 
investigated activity, then that activity is not properly 
monitored. The efficiency of any feedback loop can give the 
sensitivity and effectiveness of the monitoring that does 
exist and, further, of particular interest are evaluation 
of critical points for stability, error reduction, time lags, 
feedback checks, etc. 

In the above simple case, the goal control mechanism 
output is represented as the input to the first order system. 
If the sr,stem is enlarged to include this goal-changing device 
we have 'second order" feedback, where the system can control 
itself by automatic changing of its standards based on de
cision rules built into the system. This implies that within 
the second order system there is a memory reservoir (files, 
records, data processing, etc), several alternatives prepared 
for action, and the rules set up for selecting one or the 
other. An exampl~ would be the order scheduling system dis
cussed before but n~w including the schedulers themselves. 

Still further, the system ~an be enlarged to where 
it includes reflective decision making (formulating new 
courses of action and new decision rules and procedures) 
we have a third order feedbaok system which approachee most 
industrial or human organizations. An example of such a sys
tem is shown on Chart 11.4-2. 

In some cases, an input may be a goal into a system 
Whose only output is another goal or standard. This is the 
case where time standards are, or should be, inputs to the 
scheduling system where the output 1s another standard, i.e., 
~htime and quantity schedule. It cannot be overemphasized 

at suoh systems are as important as aotivity output since 
standards themselves mu t b evaluated and controlled. Poor 
standards guarantee poor performano • 

e1 A partial summ ry of th v rious systems and their 
ements th t should be pr n in m nUf oturin organi

zation follow 
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Third Order Feed Back Centers 
CorporatIon 
General Manager 
Executive Co~ttees 
Research 
Planning Department 

Second Order 
Feed Back 
Centers 

Output 
Standards 

Monitor and/or 
Appraisal 
Centers 

EngineerIng 
Production Control 

DesIgn (quality) 
Schedules (time 
and quantity 
Cost 

Qu91Ity Inspectors 
Expediters/inventory 

Cost Control 
Indus trial Eng. 
Budget Control 
Field Representa
tives 

Work 
Budget 
Product Specs. 

Cos t Analys is 
Production Control 
Cost Control 
Engineering 

Department Heads Orders Assts/"reports" back 

1. 

2. 
3. 

4. 
5. 

6. 

7. 

8. 
9. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 

A system can break down in many ways: 

Standards may be poor, not set properly, poorly defined, 
not understood, conflict, or even lacking. 
Value systems conflict, not realistic, etc. 
Reflective decision making may be missing, inadequate, 
unrealistic, etc. 
Standards may be immobile. That is, incapable of change 
regardless of magnitude of error. 
Specialized funotions overlap, duplicate, etc., resulting 
in possibly "double" standards, or !!2. standards if re
sponsibility not firm. 
The appraisal function may be ineffective, inadequate, or 
lacking. 
No error "signal" to the oontrol mechanism. In other 
words, channels of communioation missing, overloaded, eto. 
Storage (memory) inadequate. 
Inadequate or missing or misused decision rules. 
Improperly direoted, or unstable, produoing aotivity. 
No feedback. 
Produoing activity capaoity insufficient, or too great. 
External interference. 
Information collected too slowly, or too fast. 
Information oolleoted in wrong form, oumbersome, eto. 
Attention improperly direoted. 
Content or information flow hanged improperly. 
Standards not used. 
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Examples of each of these possibilities are cited 
below. Numbers correspond to similar numbers in the foregoing 
paragraph. In most cases the examples relate to specifio cases 
felt to exist at SCintilla, although no explanation is attempted 
here since subsequent sections of the report develop and analyze 
the situations. 

1. 

2. 

3. 

4. 
5. 

6. 

7. 

8. 

9. 

10. 
11. 

12. 
13. 

14. 

Work methods not standardized or specified on most incentive 
operations. 
In-Process inventory at high level. Policy of producing 
only to firm order creates long manufacturing cycle time 
with resultant high in-process inventory. 
No long-range planning department or fixed responsibility 
for this function except by committee. 
Time standards loose in many cases but employee relation 
considerations prohibit tightening to any great degree. 
Work methods responsibility (in broadest aspects) dupli
cated amongst Methods Department, Time Study Department, 
Plant Engineer, Layout Department, etc. Also, the time 
standard on a lathe job in the lathe department may be 
different than the exact lathe job in the connector de
partment. 
There is no appraisal of schedule performance on inter
mediate departments on a Production Contract, unless the 
job is so late that "expediting" is necessitated by 
proximity to the completion da~e. 
If a Quality D31'ect is not detected until final inspection, 
it may have lost. its identity with a particular operator 
so that the "casual" point is not informed of the error, 
or corrected. Further, under the present cost center sys
tem, individual foremen do not receive a variance signal 
on specific jobs or types of expense. 
Machine loading only on critical operations due to the 
complexity of the information involved. 
Supervisors have no "job priorities" to work with. The 
general decision rule of which job goes next, unless 
modified by expediting action, is which one has been on 
the floor longest. 
Low manpower and machine utilization. 
No feedback for appraisal of time standards except when 
specifically requested and/or incentive operator earnings 
exceed 150% of base pay and/or method change instituted. 
Insufficient machine oapacity in a bottleneok operation. 
Normal order processing system oontinuously disrupted 
by interjection of hot jobs, rework, eto. 
Foremen do not reoeive Contract Status report until middle 
of producing monthly period. 
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15. Cost data collected by "Product Center" rather than by 
supervisory responsibility center for control. 

16. Most supervisors attention directed primarily to meeting 
monthly "billing" instead of most economic production. 

17. Appraisal tends always to find error of supervision 
rather than possible error in standard. 

18. Time standards not used for scheduling except in critical 
operations. 

It is recommended that as the remainder of the manu
facturing department report is read, deficiencies indicated 
such as late order deliveries, scrap and rework, low utiliza
tion, low efficiency: etc o , be used as entry points into a 
communication analysis to see where and why the system went 
"out of control", and from this a.nalysis to determine the pro
cedures necessary to establish standard performance under 
proper standards ~ In this respect, many deficiencies will 
involve second order feedback where the standards themselves 
need to be critically evaluated. 

In the last analysis a combination of many com
munication loops results in a "procedure system". Suoh a 
system is illustrated by Chart 1104~3, which, in part, shows 
the administrative procedures invo17ed prior to receipt of a 
firm order. A cha~t of this kind developed through detailed 
study can be inval~~ble in aiding organizational and procedural 
analys is. 

11 .5 Planninf (and Control). The consciousness of the organi
zation whlchormulates the standards of the activity areas, 
and acts to guide and co-ordinate the activities toward goal
realization in accordance with the basic objectives of the 
organization. 

11 .5.1 General. Two basic types ot standards are set by 
the planning process; the goals are standards as are the 
courses of action chosen to realize those goals . Planning 
results ultimately in the corresponding control functions. 
Thus we see the two primary tools of management -- standards 
and controls. Both are interdependent and complementary, 
both stem from planning. In the industrial manufacturing 
sense there are, further, two levels of planning; the highest 
called pre-planning, the seoond Is production scheduling, 
normally oalled P~oduotion Plannin& but herein differentiated 
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for clearer emphasis, since Production Planning really includes 
both levels. "Production Planning takes a given product or 
line of products and organizes in advance the men, materials, 
machines and money required for a predetermined output in a 
given period of time. It sta.rts with a product concept capable 
of being manufactured, a general idea of the process by which 
it can be made, and a sales forecast for the discernible fu
ture--" Industrial Organization and MaRagement, Bethel et al, 
McGraw-Hill 19.56. (continuing)" --For whom and for what are 
we planning? We are planning for the owners of the enterprise 
when we plan to achieve a profit, to operate at the optimum 
plant capacity, and to utilize the available facilities effi
ciently.1t And from Cost Accounting, by Nickerson, McGraw-Hill, 
19.54, with limited paraphrasing "--In addition to what might 
be termed the regular or routine operations of producing goods, 
management is faced continually with a variety of problems in
volving selection from among two or more alternative courses 
of action where cos t s are a factor, among others. Relatively 
minor problems of this type occur with great frequency and 
are handled as part of the daily job of management at all 
levels. We are conoerned here, however, with larger problems 
requiring special stUdies usually involving more than one mem
ber of the management group. Proposals to expand or contract 
production facilities is an example. Of more frequent oocur
rence are such problems as whether to make or buy a given 
part, whether to pt..: l'(.hase a new machine or continue to use 
the old one, or whe1jher to use one process or another in 
making a oertain pr :::>duct." The range of problems is limit
less. What are the optimum inventory levels? What produots 
should be made, dropped, or expanded? What organizational 
changes should be made? What degree of quality should be 
maintained for optimum economic benefit? 

It is being recommended in the various sections of 
this report dealing with Sointilla's organization that "pre
planning" be given inoreased emphasis. The above paragraph 
is justification for establishment of this all important 
function at the departmental level along with Sales, Engineer
ing, etc. Certainly, its funotions transoend the Manufacturing 
Department although predominantly involved therewith. This 
group believes establishment of such a funotion at this level 
is mandatory because of the need for increased co-ordination, 
liaison and setting of Division-wide goals, objectives, and 
standards. It would further plan projects, develop master 
schedule and quotas and furnish top management with a con
tinuing nalysis of "how-goes-lt lt

• 
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Production Schedulipg, the second planning level, 
takes the master strategy from the higher level as it is ap
plicable to the manufacturing department, and keeping in 
mind the basic objectives of the Division, develops the tac
tics to ensure successful adherence to the strategy. Tactics 
include development of standards of performance (schedules) 
for the Manufacturing Department showing work task quantities 
and starting and completion times through the most economic 
correlation of production facilities as required by the over
all plan. The hardward of Production Scheduling, as the re
organization is envisioned, is routing, inventory control, 
and tabulation. Inventory control is meant here to mean only 
requirement determination (not buying, not handling, and not 
level determination). 

The following sub-sections present the various 
planning and control activities of the Scintilla Manufacturing 
Department, namely the Production Manager and the Master Me
chanic. Presentation includes discussion of the present func
tions, analysis, and recommendations. 

11.5.2 Production Department. 

11.5.2.1 Functions aI".d Organization of the Deoartment. The 
Production Departree. ; ereploys approx~mately 21$ persons and 
is organized as illu~ trated on Fig. 502.1-1. The Production 
Manager reports to the Faotory Manager and performs for him, 
broadly speaking, the functions of master scheduling and 
schedule control, material planning and analysis, inventory 
custody and control, and manufaoturing expediting. 

11.5.2.1.1 Functions and Responsibilities of Departmental 
Sections. To carry out the above b~oad responsi

bilities, the department is divided into seven sections. Their 
detailed functions are briefly as follows: 

Production Scheduling: The Production Scheduling 
section has as its primary fun tion the development and main
tenance of the master unit and semi-unit schedule records and 
controls. The section serves as the liaison agency between 
the Sales Department and the Production on matters pertaining 
to customer orders, delivery dates, nd the scheduling ot 
udnits and semi-units. Upon receipt of customer inquiries, 
elivery dates a~e developed based on plant loadin and m -

terial availability. In addition to effeoting master schedulin 
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the section controls the shipping schedule by means of au
thorizing the assembly and shipment of units, such as mag
netos, and the movement of semi-units, such as cable assem
blies, from stock rooms to the Shipping Department. 

Production Tabulating: The Production Tabulating 
section mechanIcally processes, by means of IBM equipment, 
the records required to account for and control inventory 
flow. One of its major functions is the maintenance of the 
perpetual requirements record which is a schedule of pro
duction requirements by final assembly part number over the 
next twelve months. The section mechanically explodes new 
busines~, received in part from the Production Schedules 
section, and adds the resulting individual parts require
ments to the perpetual record. Completed production is sub
tracted from the record. The section thus maintains the 
basic accounting record, on the final assembly component 
level, of the scheduled requirement. Summaries of the parts 
requirements from this record are supplied to Production 
Planning for posting to the stock record cards. 

Production Planninf: The Production Planning sec
tion concerns itself primarI y with the maintenance of de
tailed inventory cards and the establishment of commitments 
for purchase of raw materials and manufacture of parts and 
sub-assemblies. In the establishmdnt of these commitments 
the stock record .ard is used as the basic planning record, 
inasmuch as it refle~ts all requirements by period, stock 
level, stock receipts and disbursements, and any previous 
procurement action. The basis of planning action is to in
sure that raw material or parts will be available at the 
correct lead time for use by the Manufacturing Assembly De
partments. Thus this section initiates the demand for raw 
m~terial, and after it is received, directs its flow tQ~ 
f lnls~ed narta.v ~ . 

Produotion Control: The major field of activity 
of Production Control Is manufaoturing expediting. During 
each month, status records provide the data neoessary to 
compare progress to date with monthly production requirements. 
The experience of the Produotion Control personnel, together 
with the first hand knowledge they get from constant consul
tation with factory supervisors and foremen and others allows 
them to deteot impending parts shortages which will cause 
failure to meet the monthly production requirements. Regu
larly soheduled daily meetings are sponsored by Production 
Control with manufacturin supervisors and purchasing person
nel. Current shortages re reviewed in detail and speoific 



XI-22 

action is decided upon and delivery promises made . Thus the 
basic function of Production Control is one of following the 
schedule and insuring that any parts or material which 
threaten to interfere with schedule progress receive the 
Manufacturing or Purchasing Department's attention. 

Production Engineering Co- ordination: The major 
functions of Production Engineering Co-ordInation deal with 
the areas of new projects and engineering changes to estab
lished products . Upon receipt of a customer request eon
cerning a new project, this section quotes delivery dates . 
Upon receipt of the customer's firm order for the new item, 
necessary steps are taken to expedite the new item into 
manufacturing . In some cases where the time allowed for 
delivery by the customer on a new item is too short to al-
low regular manufacturing processing, Production Engineering 
Co-ordination takes over the manufacturing planning of the 
item. This entails complete material planning and the issuance 
of the Manufacturing Work Order authorizing fabrication . This 
section participates fully in the engineering change procedure, 
including consideration of the original change proposal, in
vestigative action, and the establishma~t of the effective 
point of the design change. 

Production Contracts: The basic runction of Pro
duction Contracts-{S to account for the number of parts pro
duced on individual manufacturing work orders, or "contracts", 
and "close" the cont:>acts upon completion. Representatives 
of the section are stationed adjacent to the stock rooms to 
which finished parta are returned and note quantities of 
parts to be applied to contracts . Listings of finished con
tracts are returned to the Tabulating section for reduction 
of the outstanding contracts tabulation. 

Production Stores: Production Stores is responsible 
for the storage of all raw material, sub-assemblies, and 
"mother" parts until required by the Manufaoturing Department, 
and for accounting, allocation and dispatching of this ma
terial. 

11.5.2.1.2 Functions Receiving Particular Cognizance of 
Production Manager. There are certain functions 

to which the Production Manager gives particular attention 
along with the general responsibilities associated with being 
head of the department. Ranking foremost among these funo
tions is the control of inventory. Inasmuch as the division 
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and the company are highly cognizant of inventory costs and 
invested capital this is a primary responsibility. Since the 
purchasing of raw material or other inventory influences divi
sion profit, policy determination in this area is also im
portant. The Production Manager is involved personally in the 
development of new products and in the accompanying co-ordination 
between departments. The schedule progress is followed in a 
general way, keeping touch with orders which may require spe
cial attention. Cognizance is maintained of about 80% of the 
scheduled delivery dates developed by subordinates. The Pro
duction Manager, by maintaining cognizance of the deliveries 
promised by subordinates, serves as the co-ordinator between 
the four sections within the Production Department which are 
engaged in placing load on plant capacity in one degree or 
another. 

11.5.2.1.3 DiscU3sion of O~ganization. It is recognized 
that there is no standard production department applicable 
to different kinds of industries. Further, methods installed 
in any production department must be built along functional 
lines and must be definitely adapted to the particular plant 
in which they will be used. Production Planning and Control 
are generally thought of as facilitation services to manu
facturing, having as their function the relieving of the 
superintenden~ of manufacturing of non-operating responsi
bili tieg and remo"',:!.r.g f~om the foreman the burden of pre
liminary planning, follow-up, and recording duties. These 
are certain functio~3 and duties which must be carried out 
by some agency in an organization engaged in manufacturing. 
Whether the functions are carried out in a production de
partment or elsewhere depends on the particular plant. 

By way of analysis, a comparison was made of the 
functions carried out in the Production Department at Scintilla 
to those set forth in a standard authority ("Production Hand
bOOk"; Alford & Bangs, Ronald Press, 1956) as service funotions, 
the majority of which are best handled in a production depart
ment. Those indicated by an "X" are noted as being in depart
ments other than Production at Scintilla. 

1. Job planning. 
2 Production orders and forms preparation and 

issuing: work orders, time cards, move orders, 
materials issue slips, etc . 

3. Stores record ledgers. 
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and the company are highly cognizant of inventory costs and 
invested capital this is a primary responsibility. Since the 
purchasing of raw material or other inventory influences divi
sion profit, policy determination in this area is also im
portant. The Production Manager is involved personally in the 
development of new products and in the accompanying co-ordination 
between departments. The schedule progress is followed in a 
general way, keeping touch with orders which may require spe
cial attention. Cognizance is maintained of about 8o~ of the 
scheduled delivery dates developed by subordinates. The Pro
duction Manager , by maintaining cognizance of the deliveries 
promised by subordinates, serves as the co-ordinator between 
the four sections within the Production Department which are 
engaged in placing load on plant capacity in one degree or 
another. 

11.5.2.1.3 Discussion of O~ganization. It is recognized 
that there is no ~tandard production department applicable 
to different kinds of industries. Further, methods installed 
in any production department must be built along functional 
lines and must be definitely adapted to the particular plant 
in which they will be used. Production Planning and Control 
are generally thought of as facilitation services to manu
facturing , having as their function the relieving of the 
superintendent of manufacturing of non-operating responsi
bilitieg and remo7irg f~om the foreman the burden of pre
liminary planning, follow-up, and recording duties. These 
are certain functior-s and duties which must be carried out 
by some agency in a~ organization engaged in manufacturing. 
Whether the functions are carried out in a production de
partment or elsewhere depends on the particular plant. 

By way of analysis, a comparison was made of the 
functions carried out in the Production Department at Scintilla 
to those set forth in a standard authority ("Production Hand
bOOk" ; Alford & Bangs, Ronald Press, 1956) as service funotions, 
the majority of which are best handled in a production depart
ment. Those indicated by an "X" are noted as being in depart
ments other than Production at Scintilla. 

1. Job planning. 
2. Production orders and forms preparation and 

issuing: work orders, time cards, move orders, 
materials issue slips, etc . 

3. Stores record ledgers. 
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Purchase requisitioning to: 
a. Replenish stores regularly carried. 
b. Obtain special items bought outside. 

Methods engineering, operation analysis, etc. 
Operation lists and route sheets. 
Tooling for jobs. 
Time and motion study. 
Instruction cards. 
Wage rate setting. 
Work scheduling. 
Machine loading. 
Work dispatching. 
Storeroom operation. 
Tool crib operation. 
Finished stock control. 
He cei·11ng. 
Ins pec t. ion of incoming materials for quantity 
and condition. 
Shipping. 
Job Estimating (for quotations). 
BNtiuction records. 
Standardization of operations, routing -- 1n 
co-ordination with other departments -- of 
tools, materials, etc e 

InterJ&l transportation. 
Exp~d1ting of manufactured items and purchased 
item~ c 
Suboontracting control. 
Idle machine analysis. 

Combination of these additional functions with those 
already oarried by the department was considered impractical, 
howeverL because of the size and make-up of the Scintilla Divi
sion. lbe recommended organization structure set down in other 
sections of this report essentially divides the above listed 
functions among four activities: Planning Department, Manu
facturing Engineer, Production Schedules, and Production Con
trol. Relative to Production Department functions, as pres
ently thought of, the proposed organization is tendered as a 
~ivision of funotions into a long-range planning function: The 
Pr e-planning section under the Planning Department; a short
range planning funotion: Production Scheduling; and a control 
function: Produotion Control. The division was made to as
Sign definite responsibility in those areas. 
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11.5.2.2 Master Scheduling. There are foursections within 
the Production Department which make delivery date promises 
and thus accomplish master scheduling. These are: Produc
tion Schedules for units and semi-units; Production Control 
for Plug-in-connectors; Production ~ngineering Co-ordination 
for new projects; and Production Planning for spare parts 
requirements. 

11.5.2.2.1 of Units and Semi-units; 
s a s e ro uc s. e n a correspondence 

with any outside concern requesting information is received 
by the Sales Department. The most common procedure for the 
established product is the submission by the customer of a 
request for certain delivery dates and a price quotation. 
The flow of this paperworkis illustrated on Chart 11.5.2.2-1. 
This requeat involving units or semi-units is passed on to 
Production Scheduling for processing. The division between 
the categories of units and semi-units has become somewhat 
arbitrary as Scintilla has expanded its product lines. Gen
erally speaking, a unit is an expensive, complex item, such 
as a magneto, and a semi-unit is a simpler, less expensive 
item, such as a cable assembly. Production Scheduling ex
amines the requested delivery dates and quantities to see 
if they can be met conveniently considering plant loading. 
In making the determination, the request is referred to Pro
duction Plannins fur (,h3cking mntel'ial availability, and 
possibly to Produotion Engineering Co-ordination if there 
is a question of engineering data availability, which might 
be the case if an engineering change were in process. If 
the -request is for a critical order size or delivery date, 
it will be referred to the Production Manager for final 
decision. Also in this event, the request would very likely 
be routed to Production Control to be noted as a candidate 
for expediting. The method of determining whether a requested 
delivery date can be met is based largely on the knowledge of 
past performance of the plant in producing the item. The 
load already scheduled for a given period, for an item, is 
examined in the Master Requirement Record. If there appears 
to be more capacity, considering what the plant has done in 
the past, an additional amount can be scheduled. If manage
ment so decides, however, an overload may be scheduled in
tentionally. A portion of the overload or all of it may be 
SUb-contracted from Production Scheduling to the Montrose 
Division, depending on the need of that division for work. 
Otherwise the overload is expected to be absorbed by the 
ManUfacturing Department by hiring more workers or requesting 
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sub-contracting at the component level. Another factor 
which has a bearing on the delivery date which can be 
granted a customer is the amount of "Advance Releases" 
which have been made for certain items. This is a pro
cedure used to enable shorter delivery times and approaches 
producing to stock. The Sales Department estimates what 
the business from some items should be, based on past sales 
volume and the estimates of the field personnel in contact 
with the customers. There are three degrees of the releases 
authorized by Management and originated by the Sales Depart
ment: (1) procuring of material and finished purchased 
parts~ (2) procuring of material and fabrication of parts; 
and (~) completely manufacturing units. The degree of surety 
of 60rthcoming firm business determines the type of release 
authorized. An effort is made to issue these releases at a 
time when the plant can conveniently absorb the load. Rec
ord Books of Advance Releases are maintained by Production 
Scheduling so that the balance available for application 
against customer orders is knownat all times. Thus, in ac
cepting a customerts requested delivery date or developing 
a counter proposal in Production Scheduling, the Record 
Books of Advance Releases must be consulted as well as the 
Mas~R~quirement Record. The Sales Department is advised 
of the date by which the customer must have in his order 
to avoid alteration of the promised delivery schedule. 
After this prelimi~ary paperwork has run its course and a 
schedule of deli,rery dates has been agreed upon, master 
scheduling has been accomplished. Further steps are keyed 
to the delivery date, by month only, promised to the customer. 

The customer's firm order reflecting the agreed
upon delivery dates is entered by the Sales Department on 
the Advance Digest of New Orders, Increases, Cancellations, 
and Revisions which is issued daily by Sales. Items entered 
on this document are considered as authorized for manufacture. 
Production Scheduling receives the Advance Digest and enters 
the firm requirements in their master records. The orders 
received for a week are accumulated to take advantage of 
combining small orders with other orders or with the Advance 
Releases originated by the Sales Department. If the delivery 
date on a small order is not pressing, it may be held back 
longer in hope of combining it with a larger order later. 
The week's compilation of orders are then passed to Produc
tion Planning on the Weekly Release for Planning Action, 
Commonly known as the IBM Supplement. This form, separated 
into units and semi-units shows the quantity and promised 
delivery dates of items over the next twelve months. 
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11.5.2.2.2 Master Schedulin The 
personnel an proce ures nvo ve n process ng or era for 
electrical connectors are distinct from those developing 
delivery dates for units and semi-units. The Sales Depart
ment section which deals with electrical connectors receives 
the customer's purchase order or request for price and delivery 
information. Prior to the receipt of a firm purchase order, 
delivery dates and pricing information may have been quoted 
a prospective customer. If the customer is an established 
one, a purchase order may be submitted without prior corres
pondence, requesting just the best delivery date than can 
be granted. In this case the procedure illustrated on Chart 
11.5.2.2-1 would apply. The customer's order is enclosed 
with an Order Record Card and Shipper Number assigned. A 
Shipper form is then prepared which includes basically the 
information on the customer's order form and other informa
tion added, such as the contract number and the price. The 
Shipper form is t he n forwarded to Production Control where 
the delivery schedule is developed. 

In developing the delivery dates, Production 
Control considers the status of parts stock and Manufac
turing Work Orders in progress, as well as the capacity of 
the plant to produce. Because of the volume of connector 
business and the desirab11ity of granting early delivery 
dates the Advance Release procedure is used to a greater 
extent than in the case of units and semi-units processed 
by Production Scheduling. Thus the situation is more one 
of using the Advance Releases to produce parts "into stock 
and then assembling out of stock to meet customer's orders. 
This allows promises of connector delivery datas to be made 
for a particular week in the month. The shipper form with 
the delivery promise noted thereon is returned to the Sales 
Department where copies are reproduced. The passage of two 
copies of the reproduced Shipper form to Production Planning 
then constitutes authority for production of the order. 

11.5.2.2.3 Master Scheduli of New Pro ects (Electrical 
onnec ors xcet e. en a reques s received 

from a customer for a quota Ion on manufacture of a new item, 
an Estimate ~equest is initiated by Sales. This farm is 
Circulated among the Accounting, anufacturing and Engineer
ing Departments as depicted on Chart 11.5.2.2-2 for the ad
dition of information on engineering data availability, ma
t erial and labor costs for different lot sizes, cost and 
class of tooling required, and new eqUipment required. When 
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this form is received by the Production Engineering Co
ordination section from the Production Manager, this section 
analyzes the availability of parts, material, and tooling. 
After the time necessary for release of drawings and for 
manufacturing is determined, a promised delivery date is 
made for endorsement of the Production Manager and subsequent 
return to the Sales Department. Should the ~nformation re
layed to the customer result in a firm order, the order will 
be entered on the Advanoed Digest and processed through Pro
duction Scheduling to Production Planning as in the case of 
other units and semi-units. If the customer has insisted 
on a very short delivery time, other procedures apply for 
handling the firm order. This procedure involves the use 
of a "special handling" Manufacturing Work Order, or ftCom
posite Contract". 

11.5.2.2.4 Master Scheduling of Spare Parts. When the 
Division receives an inquiry trom a prospective customer 
relative to spare parts order deliveries, the inquiry is 
passed to Production Planning by the ~ales Department as 
illustrated on Chart 11.5.2.2-2. In Production Planning 
the delivery schedule which can be granted on the particu
lar part is developed after consideration of stock levels 
and manufacturing or purchase order lead ttmes. If the 
customer inquiry r esults in a firm order, the order is 
entered on the Advance Digest under the Parts Section and 
is processed by Production Planning. It is to be noted 
that it is not the function of Production Planning to have 
any "feel" for plant capacity. Any sizeable or unusual or
der for spare parts thus would be brought to the attention 
of the Production Manager for consideration in light of the 
overall plant load being scheduled for the periods under 
consideration. 

11.5.2.2.5 Discussion and Ana1lsiS of Procedures. There 
are then the four above cited c annels of load input onto 
plant capacity being co-ordinated by the Production Manager. 
As has been stated, in the Production DepartMent the method 
of determining plant capacity for scheduling purposes is 
mainly one of knowing past averages and extending that av
erage into the future. In the Manufacturing Department the 
load being applied to critical machines may be computed by 
means of machine loading procedures. This is done when it 
is realized that a critical loading condition is being ap
proached . By and large, however, for purposes of developing 
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delivery dates, the method of determining plant loading and 
thus being able to judge when more load can be applied, is 
based on the knowledge that in the past the plant has pro
duced a certain number of given items in a month. In a state 
of stabilized product mix it is recognized that this method 
would be quite effective. The effects of competition between 
products going over common machines would have been reflected 
in the stabilized averages. It is felt, however, that in an 
era of new product development, increased competition for ma
chine capacity invalidates past performance averages. It is 
felt that this inability to determine accurately the plant 
loading can result in inexact scheduling for any given month. 
The procedures followed in the event of an overload, namely 
subcont~acting of end parts requirements, and hiring addi
tional workers will r elieve the overload, but a time lag 
occurs before the proper action to be taken is apparent. For 
example , since the Contract status Report is issued monthly 
and is the only complete picture of end part requirements 
extending beyond the next thirty days, a month's planning 
time could c~nveivably be lost between issues. Then sub
sequent to recognition of an overload, the foreman or super
visor must initiate action to subcontract the work . Figure 
11.5.2.3-1, discussed at greater length in a later section, 
was developed from an examination of parts subcontracting 
purchase orders to the Auburn Spark Plug Company. Of the 
forty-eight orders analyzed, 40% requested delivery in twenty 
days or less, Approximately 30% requested delivery in twelve 
days or less. This indicates that the foreman on some occa
sions has very little warning that he is going to be unable 
to meet his commitments. The time lag likewise reduces the 
advance planning time availablo for building up the work 
force . Thus it is felt that overloading and the attendant 
time l ag before acrion is taken can be contributing to the 
presen~ percentage of missed delivery promises. 

It would appear that a more accurate system for 
determining available plant capacity at normal operating 
level for any period would prevent schedule overloading. 
Or, per.haps more important from the viewpoint of the divi
sion i t lould indicate at that point the degree of ~overload 
being svheduled so that steps could immediately be taken to 
plan for incroasing the work force or subcontracting. 

It is believed that such a system would have to 
inVolve translating each order into type of machine time 
in the differant departments, and assembly time in the as
sembly departments if desired. T is time would then be 
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applied to the department time leaving a balance available. 
The total machine time available would be reduced by such 
factors as average down time. After the capacity of the 
normal operating force had been reached, further scheduling 
could be translated into additional man power required. 
After full machine capacity had been reached in certain areas, 
additional scheduling of work for those areas could be flagged 
for subcontracting. The following advantages would accrue 
from such a system: 

A. Timely cognizance of need for subcontracting 
semi-units to the Montrose Division. 

B- Timely cognizance of need for subcontracting 
of end parts. 

C. Timely cognizance of need to build up labor 
force. 

D. Accurate information on plant loading would 
be available for aiding decision making on 
requests for schedule revisions and step
ups. 

E. Accurate information on when overtime would 
be required to meet a customer's rush delivery 
date would be available, thus providing a mare 
accurate basis for placing premium prices on 
rush order s • 

F. Accurate information on plant loading would 
allow Sales Depaartment to time Advance Re
leases to level production if feasible. 

The presently used type of tabulating equipment 
could be employed to develop this type of loading informa
tion . Supposedly, since a load computed by tabulating 
equipment would be based on the standard time for each opera
tion in the manufacturing process, it would be' more detailed 
and accurate than the statistical procedure outlined in Sec
tion 11.9.2 for developing a plant load determination device. 
The statistically developed load analysis device would be 
particularly adaptable to sales forecasts for planning action 
Where the degree of accuracy required for scheduling would 
not be needed. The accuracy attainable by employing tabu
lating eqUipment to maintain a running plant load would, of 
course, be expensive. It would not be necessary, however, to 
maintain the running load on all types of machines or depart
ments, but only those considered as "controlling bottlenecks", 
or those where labor requirements were critical. Neither 
Would it be necessary to run the load constantly on all sched
uled periods. Thumb rules could be established such as are 
presently in use to determine when a point in the scheduled 
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load is being reached where accurate information is neces-
sary to make planning decisions. It would be up to manage-
ment to decide whether having the above mentioned advantages 
would outweigh the costs of additional tabulating equipment 
and personnel. Establishment of firm layouts (manufacturing 
processes and sequences) would be necessary prior to adoption 
of the system. Also it is felt that a central agency for 
developing delivery dates on all products should be established. 
If a philosophy were adepted that master scheduling would be 
more exactly controlled, then it could only be done efficiently 
at one station. 

It is recommended that the Division consider estab
lishing a central scheduling agency and supplying that sta
tion with a running plant load as the normal operating level 
is being approached for any period to enable more exact sched
uling and the timely development of information for planning 
purposes. 

11.5.2.3 Inventory Commitment and Control. The require
ments for manufacture in end product form developed by the 
various sections within the Production Department accrue at 
Production Planning by the previously described processes. 
~he next step in the process is to reduce the scheduled items 
to an end parts requirement and plan the production or pur
chase of the end parts to have them ready at the proper time 
for assembly. 

11.5. 2 .3.1 Development of Subassembly and Part Requirements. 

To illustrate the working of the system the case 
of the Unit and Semi-Unit schedule input will be discussed. 
The Weekly Release for Planning Action received from Pro
duction Scheduling sho s a week's accumulation of orders 
sche duled over the next twelve months. Planning interprets 
this document and assigns period numbers to the months' 
columns before passing it on to the tabulating section. The 
systems employed by the tabulating section are basically 
similar to those set forth in descriptive material on "IB 
Accounting", published by the International Business achines 
Corporation. The scheduled addition is exploded into final 
assembly components on a "first run" and incorporated with a 
Consolidated Requirement Record, known as the Schedule of 
Production Requirements. The record displays a consolida
tion of the indivi 1 parts required for the range of product 
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models for each of the twelve succeeding periods. At this 
point any individual order loses its identity. From then 
on the system deals with quantities of end parts or sub
assemblies which will eventually be assembled to meet the 
delivery schedule. The record is "perpetual" inasmuch as 
scheduled requirements are added at intervals and completed 
production is subtracted. 

The total requirements for each individual sub
assambly or pare are prepared from this record and posted 
weekly to the stock Record Cards which are maintained in 
Production Planning. One of these cards exists for each 
part number in the system. The card shows the balance in 
stock, receipts, disbursements, purchase order or manu
facturing work order action, and the scheduled requirements, 
the latter again by periods. Information on the flow of 
parts into and out of stock rooms is passed to Tabulating 
on IBM cards, processed and posted daily to the cards. A 
group of cards is assigned to an analyst whose duty is to 
insure that the scheduled requirements are covered. 

11.5.2.3.2 and Manuracturi 
e summary pos ngs 

effected weekly from the schedule of Production Requirements 
to the stock Record Cards is in the form of final assembly 
components. The period to which the posting is made on the 
card is still the month in which the final assembly component 
will be used. The analyst then must plan to insure that he 
has the required coverage for subassemblies and parts to be 
ready for use at the beginning of any assembly month. Shop 
Order Requisition cards are prepared for the subassemblies 
and parts which are manufactured at Scintilla, showing them 
as a requirement for the month preceding the assembly month. 
This is the first step in scheduling backward in time from 
the assembly month for component production. It is to be 
noted that the final assembly components are required just 
during the month and not at any particular time within the 
month. In other words, no detail scheduling within the 
month's period is done. The Shop Order Requisition cards 
are passed to tabulating for processing. The subassembly 
requirements are exploded into their end part requirements 
mechanically and manufacturing work orders are prepared 
concurrently to be used eventually as authorization tor 
fabrication. The end part requirements resulting from the 
explosion of the Bubassemblies are transfer posted to their 
Stock Record Cards in Planning as a requirement for the same 
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month as their "mother assemblies". If action is required 
by the analyst to insure coverage for these parts, a Shop 
Order Requisition Card .11 be prepared showing them as re
quired during the month preceding . The requirement for parts 
to go into subassemblies is thus backed up one more month. 
The process in tabulating is repeated, resulting in manu
facturing work orders for future use and postings to the ma
terial stock record cards. While this level by level analy
sis seems to consume time, it is justified since it prevents 
"pyramiding" inventories , or in other words, having an excess 
of component parts available, in both loose and assembled 
form . The system assures that no item is ordered unless re
quirements from a higher assembly stage make it necessary. 
The results of the explosion of subassemblies are known as 
"second run" parts. The parts which were end parts after 
the initial explosion arrive at the point of being a material 
requirement one step sooner . If material coverage is re
quired by the analyst in Planning, such as in the case of a 
casting, a Purchase Order is initiated requesting delivery 
of the quantity needed no later than the month preceding 
the month in which the item will be needed . The appropriate 
purchasing lead time must be applied in determining hen the 
Purchase Order must be initiated for processing by the Eur
chasing Department. 

The analyst considers buying in economic lot sizes 
when initiating Purchase Orders. Particular advantage can 
be taken of buying in large quantities when a material is 
commonly used or a part is small and common to several prod
ucts. Usage figures are maintained from past periods as an 
~id in extrapolating future requirements. The Schedule of 
Production Requirements is in large part exploded for twelve 
months ahead to enable material planning for that period. 
Likewise, consideration is given to manufacturing in economic 
lot sizes where possible . Management policy on inventory 
costs and obsolescence risks will not allow optimum lot size 
P~oduction in many instances. Since by and large, the divi
sion maintains the policy of producing to firm orders, there 
are numerous in~tances of manufacturing work orders which 
call for smaller lots than are efficient to manufacture. 
However, in the case of high usa e, simple parts, lot sizes 
are optimized. 

11.5.2.3 . 2.1 . Discussion of schedu1i~ Procemlres. It has 
been noted that detail scheduling wit n the month reqUire
ment pGriod is not done. The foreman is cognizant of a group 
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of manufaoturing work orders whioh represent his work load 
for a month and is left more or less on his own to complete 
the work. It is well known that a detailed scheduling sys
tem is looked upon as being impractical at Scintilla. This 
attitude prevails because of the great variety and complexity 
of the produots and the degree to which the schedule fluctu
ates because of changes in customer demands. Yet, certain 
undesirable features exist in the present system of sched
uling. The foreman does his own work scheduling which was 
tentatively shown by a work sampling project to absorb around 
30% of his time. This and other planning duties detract from 
the time that can be spent in supervision and training on the 
floor. Scrap and rework costs can generally be driven lower 
by more active supervision. Particularly at a time when the 
labor force is expanding could more supervision pay dividends 
in reduced scrap costs. It has been estimated in an other 
section of this report that a possible savings of 1,000,000 
a year could be gained by increasing active supervision alone. 
This was computed as a possible accrual of driving the present 
14% scrap and rework down to an estimated 10% inherent in ma
chines and processes and decreasing the 22% observed Personal, 
Fatigue, and Delay time to the normal of 10%. To increase 

active supervision the foreman's planning and scheduling func
tions must be reduced and taken over by a staff agency. 

The present system does not provide any positive 
way of progressing the jobs through the departments. Neither 
is there any system for designating the order or priority in 
which jobs are to be done. The foreman strives to minimize 
set-up time by running similar parts successively, but with 
the exception of the lead department, has no control over 
what jobs will arrive in his department at any given time 
during the month. A set-up for a job may have to be broken 
to get on to other work because a job requiring a part of 
the same set-up has not yet arrived. With the present system 
some parts get behind, requiring the expediters to enter the 
Picture and exercise control. This in itself can be dis
rupting to efficient manufacture, for the parts being ex
pedited occasionally require the breaking of a set-up in 
order that they may be run. 

Therefore, against the present system which ex
hibits some failings, must be weighed the cost of a system 
which would provide greater control of the progressing of 
jObs through the plant. A system of detail scheduling to 
the departments by we kly periods would be a compromise be
tween the present system and a system which aotu~lly assigned 
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work to individual work stations. This would involve depart
mental loading by the week. In essence the work load would 
be metered through the plant by weekly periods. Necessary 
to realizing maximum manufacturing efficiency would be the 
adoption of a priority or contract sequencing system based 
on part similarity. Controlling the time period within which 
jobs should arrive at a department and designating the sequence 
1n which they should be worked would result in both increased 
manufacturing efficiency and the controlled metering of the jobs 
through the plant. It is envisioned that a production control 
system to accomplish the above would of necessity involve me
chanical aids. An adaptation of the International Business 
Machines Corporation system for detail operation scheduling 
could be considered. The IBM system although involving a great 
amount of machine time and considerable clerical effort does 
have the advantage of generating the necessary cards to operate 
the system. Such cards, to be used by a dispatching section, 
are material requisition car~s, set-up cards, tool cards, move 
tickets, and operation cards. Because of Management policy of 
stressing customer service at Scintilla, any system set up to 
control production in an orderly manner would have to have an 
"exoeption channel" for "hot" jo s. It is believed however, 
that if a more striotly controlled producti~n system were set 
up, exoess machine capacity and manpower would be available 
for operating this channel in lieu of breaking in nn nther 
work. It is recommended therefore, that consideration be 
given to adopting such a detailed scheduling system in the 
future. 

11.5.2.3.2.2 Issuance of Manufacturing Work Orders. As 
previously mentioned the manufacturing work orders, known 
as "Contracts", are prepared by mechanical process in Tabu
lating when the Shop Order Requisition cards are processed. 
Associated with each subassembly or part is a bill of materi
als which is in the form of IBM cards. The machine tran
scribes onto the Contract this bill of materials, the total 
number of the parts required, and the month for which they 
are required. It is necessary to bear in mind that the Shop 
Order Requisition card has designated the required month of 
manufacture, which was determined by the analyst to provide 
requirement coverage. After preparation the Contracts and 
cards are returned to the Planning seotion for filing until 
the appropriate time tor their issuanoe. During the thirty 
days preceding the soheduled month the Contracts are issued 
to the stook room. The Contraots pass first to the Produo
tion Engineering Co-ordination seoticn ~re the Route Sheet, 
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an operation sequence sheet, is attached. The Contracts then 
go to the stock room where they await "release" by the foreman. 
MAterial mayor may not be available for the work to be done 
on the Contract since Production Planning issues . it without 
insuring that material is in stock. The reason for the procedure 
is to have the contract available when the material arrives,if 
it is late, and thus save the passage time from Planning to the 
stock room. HO'"fever, the procedure results in the foreman 
having to keep track of contracts for which material is not 
available. This 1s another exampl~ of a function which it is 
believed should be performed for the foreman. 

11.5.2.3.3 Ceoacity Planning at the Cooponent Part L~yel. For 
planning purposes the foreman can ~heck his file of accumula
ting~ contracts for the following months work. This, however, 
does not allow adequ~te time to take action should he find 
that the capacity of his work force is being exceeded. A longer 
range look is afforded by the Contract Status Report, which is 
a compilation of all current, backlog and future contracts 
which have been printed by the Tabulating section. ith this 
report the foreman can look ahead to the second, third, and 
subsequent months beyond the current month. A situation can 
still arise in which an above normal schedule is developed 
between issues of the Contract Status Report and the foreman 
is caught with only a month to increase his work force or 
request subcontracting of some of his work. Figure 11.5.2.3-1 
indicates that the present system will not afford adequate plan
ning time in all aases. The figure depicts data developed from 
examination of parts subcontracting purchase orders to the 
Auburn Spark Plug Company. Sixty one orders had been initiated 
between 1 January 1957 and 29 April 1957. Of these, forty eight 
orders had been filled, which permitted a oomparison of the 
actual delivery dates from the subcontractor to the requested 
delivery dates. Approximately thirty days had been stated as 
the normal lead time for orders to this subcontractor for small 
parts. This short lead time was allowable because the sub
contractor had oonsiderable unused machine capacity. This 
statement of the normal lead time was verified by the fact that 
55~ of the requested deliveries fell between twenty one and 
forty four days. However, it is notable that 40~ of the orders 
requested deliveries in twenty days or less and 30~ in twelve 
days or less. An analysis of the actual delivery date variance 
from the requested on the latter shows that they came in on an 
average of fourteen days late. The overall mean of the 
delivery date varianoes of this suboontractor was twelve days 
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late. It would appear that if the urgency of need correlated 
with the lead time given the subcontractor, twenty of the 
forty eight subcontracts could conceivably have oaused delay 
at Scintilla because of the deliveries actually received. It 
is felt that more adequate planning information which would be 
available from the plant loading system recommended in section 
11.5.2.2.5 would alleviate this type of difficulty. 

11.5.2.3.4 Authorizing the Use of Raw Materials. At the time 
the Contract was mechanioally prepared in the tabulating 
section two important IBM cards were also prepared. These cards 
accompany the contract during its processing and arrive at the 
stock room to be used for authorizing the issuance and account
ing for the movement of parts or material. The Holding Card is 
a card which authorizes the issuance of parts or material 
against a certain Contract. The card shows the quantity, of an 
individual subassembly, part, or material required by a specific 
Contract and the assembly, subassembly, or part being made on 
the Contract. The Delivery Card is a card which is used to go 
with issues from the stockrooms and serves to identify the sub
assemblies, parts, or material being issued and the Contract 
for which they are intended. Discussion and analysis of the 
uses of these cards and other cards concerned with accounting 
for the flow of inventory is taken up in greater detail in 
the section on material storage and delivery. 

11.5.2.3.5 Authorizing the Use of Finished Subassemblies 
and Parts. An essential phase of inventory is the 

authorization to issue from various finished stock rooms those 
subassemblies or parts neoessary for building completed units 
ready for the oustomer. At Scintilla this authorization is 
accomplished in two general phases. 

Referring to Chart No. 11.5.2.3.5-1, we can trace the 
significant actions in this procedure. The IBM Supplement 
developed by the Production Scheduling Section on a weekly basis 
and listing the unit and semiunit assemblies required for each 
of the next twelve months is sent each Friday to the Production 
Planning Section. At this point the unit assembly information 
1s handled in a slightly different manner than that for the 
semi-units. 

On the IBM Supplement sheets having unit assembly 
information, the oalendar month of assembly is replaoed by a 
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numerical code indicating the same time period. The sup
plement is then passed to the Tabulating Section' here it 
enters into the previously discussed circular and repetitive 
handling process between the Planning and the Tabulating 
Sections. This process is outlined with dark ink on the 
chart. Unit assembly information originally enters at the 
Explosion Stage which involves first a breakdown of the unit 
into its final assembly components, and second, a printing 
of Holdings and Delivery Cards for the proper number of these 
final assembly items. The exploded results of this stage are 
summarized into a printed Schedule of Parts Re~uirements and 
then transfer posted to individual Stock Record Cards in the 
Planning Section. Here each Stock Record Card is examined 
by Planning ,malysts for the net reC'luirements necessary to 
meet the demand for the entire twelve month period covered. 
This length of coverage is sometimes modified and shortened if 
the reauirement becomes excessively high in total amount. 
The analyst then originates a Shop Order Re uisition which is 
sent back to the Tabulating Section where the component on 
each Shop Order ReC'luisition is again subjected to the 
Explosion Stage, if it is a subassembly, and the entire pro
cess repeats itself until all Holdings and Delivery Cards for 
all subassemblies and parts have been printed. These cards 
are delivered to the Planning Section where they are filed by 
the month in which the manufacture of the component is to 
occur. 4 basic assumption made by the Planning Section is 
that the manufacture of a part from its raw material or the 
building of a subassembly from its parts takes one month. 
Planning issues the Holdings and Delivery Cards to the 
appropriate Stock Rooms during the 30 day period immediately 
preceding the month of manufacture. 

The IBM supplement sheets containin~ semi-unit 
information are used directly by the Planning .\nalysts to 
originate Shop Order Re~uisitions for the manufacture of the 
re0uired number of completed assemblies again for the entire 
twelve month period provided the total amount is not excessive. 
The Planning Section then initiates the complete building of 
semi-units. s before, the Shop Order Re~uisition goes to 
Tabulating where as a result of the Explosion Stage, Holdings 
and Delivery Cards are printed. The information developed 
proceeds around the oirole in the same manner as described 
abOve until all Holdings and Delivery Cards are printed and 
Passed baok to the Planning Section. These cards are filed 
with those disoussed above and are issued at the same time. 

Thus far, the Production Planning Section has 
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authorized the issuance of finished subassemblies and parts. 
As the month of promised delivery to customer approaches, 
a second phase of authorization prooedure develops. 

About 50 to 60 days prior to the month in which 
assembly of all units and semi-units is to be oompleted, 
the Production Scheduling Section issues two separate and 
distinct forms containing preliminary assembly information. 
The Preliminary Assembly Layout covers the unit assembly 
reauirements for aircraft and commercial magnetos and for 
jet components while the Preliminary Holdings covers the 
reouired number of semi-units. The term "reouired" here 
denotes the number of units or semi-units which will be 
necessary to fulfill customer orders or management stocking 
instructions. 

These issuances have two purposes: (1) to provide 
the basic information from which Holdings and Delivery Cards 
may be created for the final assembly components that go 
into unit assemblies, (2) to facilitate the preparation of 
the Monthly Shortage Analysis Report which is subsequently 
used for expediting. 

Referring to Chart No. 11.5.2.3.5-2, the Prelim
inary Assembly Layout and the Preliminary Holdings are 
compiled from collation of the Master Unit Reouirements 
Record and the Master Planning Record within the Production 
Scheduling Section by a hand typing and ditto process. 
Action copies of both reports proceed to the Tabulating 
Section. The Preliminary _1I.ssembly Layout is "exploded II into 
its final assembly components and Holdings and Delivery Cards 
for these components are printed. The Preliminary Holdings 
is used directly for the printing of Holdings Cards only 
which authorize the transfer of finished semi-units from 
Stock Rooms "c" and liE" to Stock Room t'S" which in turn can 
move them along to the Shipping Dept. as desired. These 
Holdings and Delivery Cards are delivered to the appropriate 
stock rooms when their printing is completed but this process 
seems to take about two weeks. Copies of the Preliminary 
Assembly Layout and the Preliminary Holdings are sent to 
Production Planning, Production Control, and the Finished 
StOck Rooms. In retrospect, therefore, we see that both the 
Planning and the Scheduling Sections issue authorizations 
to use finished subassemblies and parts. 

At the present time both the Preliminary Assembly 
LaYout and the Preliminary Holdings are hand typed records. 
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Their creation involves inspection and computations from 
the indicated sources, and a typing/ditto process. It 
appears that the typing/ditto operation involved here might 
be eliminated by using an appropriate IBM card which could 
be preprinted and then mark-sensed with the reQuired 
Quantity directly. The use of this card would 'put the 
information contained thereon into a form which would be 
immediately usable by the Tabulating Section. Brief investi
gation has indicated that the information copies of these 
reports are not absolutely necessary and if re uired could be 
run off from the IBM cards by the Tabulating Section. 

It is recommended: 

1. That both the Preliminary Assembly Layout and 
the Preliminary Holdings be replaced with IBM type card for 
each unit or semi-unit. These cards might be preprinted at 
the time the IBM Supplement is made up, and kept on file 
until the Preliminary I\ ssembly Layout and the Preliminary 
Holdings are issued. At this time, the cards could be removed 
from the file and mark-sensed by the clerk for the ouantities 
desired then passed as before to the Tabulating Section for 
action. 

2. That consideration be given to eliminating the 
copies of the Preliminary Assembly Layout and the Prelim
inary Holdings which now are sent to the Production Control 
Section, the Production Planning Section, and the Finished 
Stock Room. 
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11.5.2.3.6 Material Storage and Delivery. 

11.5.2.3.6.1 Restonsibility • Although this section deals 
mainly with the s orage and delivery of material which is 
changed by the manufacturing process into end products, it 
is well to consider consumable supplies and associated ma
terial due to the similarity of functions involved. 

Product . material storage and delivery is the re
sponsibility primarily of the Stores Unit but this responsi
bility is shared to some degree with the Spare Parts stock
room (Stock "S") under the Sales Department, and Service 
Stockroom (Dept. 88) under the Service Department. The 
Stores Unit has responsibility for storage and delivery of 
all product material from the time of receipt as raw material 
or purchased parts until it is delivered to assembly depart
ments or to the Sales Department. Stock "Sft has the responsi
bility of storage ana delivery of product material in the form 
of finished spare parts which have been released to the Sales 
Department or finished products Which must be staged awaiting 
complete fulfillment of a customer's order. Service Stock
room has responsibility for storage and delivery of the stock 
of spare parts reserved for use in servicing products the cus
tomer has returned. Thus, product material is received by 
the Stores Unit, issued to Produotion Departments for process
ing_into semi-units and unit, and then in the case of semi
units passes back through the Stores Unit to Stock "s" where 
a portion is further transferred to Service Stock. 

Consumable supplies and associated material is or
dered, stored, disbursed primarily by four storerooms: 
(1) Department 13 handles consumable production, janitorial, 
medical, and similar supplies; (2) The Maintenance Stockroom 
handles materials used in maintenanoe items; (3) The Tool 
Room, Department 11, handles produotion tools and materials 
required for machinery repair; (4) stook "D" handles miscel
laneous administrative supplies. There is no general flow 
of material among these storerooms due to the dissimilar 
nature of the material handled by each one. 

Generally, the division of responsibility for 
storage and delivery of the diverse materials and supplies 
among the seven organiEational units mentioned above ap
pears satisfactory with the possible excerrtion of a porti.n 
of the task presently performed by Stock'S", which will be 
considered later in this discussion. Disregarding this ex
ception for a minute, it is noted that each of the above 
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storage units gives direct support of a specific type to 
major organizational functions and four of the storerooms 
are responsible for ordering supplies and material from 
Purchasing. Under these conditions the present assignment 
of these storerooms to the major organizational functions 
they support provides sensitive and immediate response to 
the material needs of these functions and avoids unnecessary 
dependenoe of one function on another. The possibility of 
centralizing responsibility for storage and delivery of all 
or the majority of materials and supplies should not be over
looked, for direct monetary savings in storeroom operating 
costs are feasible. However, any centralizing must be pri
marily a physical one for potential savings are in the areas 
of personnel and possibly space. Such physical contraliza
tion, accompanied by a centralization of responsibility under 
a single organizational function, would raise questions of 
the efficiency of service by a central stockroom to the 
several disbursed functions, and the lessening of response 
to the demands of the several major functions served. Since 
this subject demands careful consideration of plant layout, 
personalities involved, materials handling, and other fac
tors, it is suggested that a study be conducted to consider 
the possibilities of the situation in detail. Such a study 
is beyond the limited soope of this report and therefore no 
formal recommendations on the subject are made herein. 

The remainder of this Material Storage and Delivery 
section will ooncentrate on the most active and largest 
storeroom organization, that of the Stores Unit. 

11.5.2.3.6.2 Stores Unit or~anization and Layout. The Stores 
Unit reports to the Product on Manager and is composed of 
four storerooms each responsible for a specified type of ma
terial . Stock "CC" is the raw stores stockroom and is staffed 
by a foreman, 3 olerks, and 11 stookmen divided into 3 shifts. 
Stock "c" is the finished parts stockroom and is staffed by 

a foreman, 7 clerks and 14 stockmen divided into 2 shifts. 
Stock "E" is the electronic material stockroom and is staffed 
by a foreman, 2 clerks and 1 stockman on a I-shift basis. 
The "PIC" stock is the plug-in connector stockroom and is 
staffed by a foreman, 7 olerks, and 27 stookmen divided into 
2 shifts. To reoap, the Stores Unit has a supervisor and 
secretary plus 76 other employees. Thus, the cost of this 
function in salaries per year is about $275,000. 
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The layout of the four stockrooms is based on the 
pattern of flow of production. Stock "ee" is adjacent to 
Receiving and is near the machining, casting and molding 
operations. Stock "e" is located in the heart of the depart
ments that it receives parts from and disburses them to. 
stock "E" is located adjacent to its largest customer, De
partment 38. "PIC" Stock is located adjacent to the plug-in 
connector assembly department, Department 48. This arrange
ment of stockrooms, of course, has the advantage of reducing 
material handling, but this advantage is gained at the cost 
of increased supervision, increased number of personnel re
quired to operate the segregated stockrooms, and introduces 
the problem of co-ordinating the work of the stockrooms. 
Considering the fact that with the high volume of material 
presently being moved on the production floor, it only re
quires about 11 electric trucks with operators, it seems 
logical that savings from a physical centralization of these 
stockrooms would not be measurably decreased by the slight 
tncrease in material handling costs. Before considering pos
sible improvements any further, it would be well to look at 
future plans for expansion in relation to stockroom service. 

The production floor is presently in the sbape of 
a long narrow rectangle with a width to length ratio of 
about ~.5 to 1. Proposed expansion plans generally involve 
a continual increase in length while expansion in width is 
limited by the railroad on one aide and office extension on 
the other. It would appear that as the length of the pro
duction area grows, the obvious increase in materials handling 
will dictate the establishment of additional stockrooms. Of 
course, this is not the only approach to the problem but it 
is one that oan easily grow into being as the overall effi
ciency of operations becomes overshadowed by a localized 
problem. An evaluation is needed of the costs of inter
department material handling as related to the costs of 
operating of the stockroom function under various different 
arrangements, the main one being a oompletely centralized 
stockroom. Even a cursory look at the possibilities is 
worthwhile. 

It is questionable whether a centralized stockroom 
Would be so much harder on the material handlers than at 
present. The following is a simple analysis of some of the 
primary sources of traffic going in and out of the stookrooms: 
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Destination 
(Department) 

27 
31 
32 
38 
42 
47 
48 
50 
83 

Re~eived 
From 

Receiving 
27 
32 
36 
37 
38 
39 

Disbursements 

Stockrooms Making Shipments 
Ce Q PIC E 

x 
X 
X 
X 

X 
X 

X 

X 
X 

X 
X 

X 
X 

Receipts 

X 
X 
X 
X 
X 
X 
X 

X 

X 
X 
X 

X 

Stockroom Reoeivinf Material 
Ce c PeE - - -
X 

X 

X 
X 
X 

X 
X 
X 

X 
X 
X 

X 
X 
X 

X 
X 

xr-U 

Even though these are not complete listings of 
production departments sending to and receiving from the 
various stockrooms, it is apparent that many departments 
are doing business with several stockrooms ~ oausing long 
hauls by material handlers. Two departments receive ma
terial in decent quantities from all four stockrooms, 3 
departments reoeive from 3 of the stockrooms, and 4 de
partments receive from 2 different stockrooms. Traffic 
from produotion departments to stockrooms follows a some
what similar pattern. So from a material handling stand
POint, possibly the separate stockrooms are not suoh a 
big savings over a oentral stockroom. 

There appears to be no overwhelming reason why 
Receiving oould not be shifted to a more central location, 
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thereby facilitating the movement of Raw Stores. An access 
road behind the building is feasible as are unloading docks. 
There are no real critical reasons why the other stockroom 
could not then be consolidated forming a central stockroom 
and Receiving area somewhere near the center of the present 
building. Manpower required to operate the stores could be 
substantially reduced and material handling, both within 
the central stockroom and to many departments, could then 
be mechanized to some extent due to increased volume of 
traffic in the resulting consolidated traffic pattern. This 
mechanization of material handling would be undertaken only 
if savings would result which appears possible. 

Therefore, it is recommended that a detailed study 
of the feasibility of a centralized stockroom to replace the 
present four in the Stores Unit be made with a view to ef
fecting substantial savings in operating personnel. 

Materials handlin~ adjacent to and within the 
existing Stock "c" and "PIC Stockrooms is high in volume 
as evidenced by the number of stockmen presently required. 
"PIC" Stock has 27 stockmen divided between 2 shifts and 
Stock nC bas 14 stockmen divided between 2 shifts also. 
The items being moved are mainly in tote boxes. The present 
flow of this material, all being handled manually, is from 
production departments (1) to inspection stations adjacent 
to the stockrooms, then ' (2) to count stations, then (3) into 
the stockrooms. In the case of Stook nC tt the material is 
placed in a waiting area until the clerks decide on its 
disposition, which can either be to the electric trucker's 
pickup station outside Stock "C", to Dept. 42 storeroom near
by, to the shelves, or combinations of these 3 alternatives 
after splitting. This procedure normally involves picking 
each tote box up and setting it down about 5 or 6 times, in 
a very short distance, from the time it leaves Inspection 
until it is disposed of in one of the above ways. It also 
involves a certain amount of waiting by the stockmen depend-
ing on vol~ at anyone time, and about 5~ of the walking 
done is empty-handed on the way to start another trip. Issues 
fr om the shelves involve a simpler, but again, repetitive manual 
ta.sk. In "PIC" Stock the procedure is generally the same 
with the main exception that incoming material goes directly 
into stock. It appears very probable that this manual sys-
t em of repeatedly handling similar material in exactly the 
srune traffic pattern could be completely mechanized with a 
SUbstantial savings in personnel and a reduction in the 
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present processing time. The general system proposed for 
Stock "c" 1s a roller conveyor, starting at the Inspection 
station, which feeds the material to a scale which is built 
in the conveyor so that material need not be handled on and 
off the scale. Assuming that the functions of the existing 
contract check station could be put on IBM machinery and 
incorporated with regular stock control, this conveyor scale 
could be adjacent to the stock control files. When the 
stock control clerk makes a disposition of the material the 
scale operator could switch the material on any of 3 branch 
conveyors, either to Department 42, to the shelves, to the 
electric trucker's station, or to any combination after he 
split the material on the scale. A similar but somewhat 
simpler arrangement could be made at "PIC" Stock by divert
ing the existing aisle around back of PIC Stock and alloting 
the existing aisle section to the stockroom. This would 
place the stockroom immediately adjacent to the counting 
station and the Department 48 with no separating aisle. 
Eliminating the manual transporting of material around the 
stockrooms will not eliminate the need for stockmen com
pletely of course. A lesser number will still be required 
for filling orders from the shelves, inventory, and putting 
material in the shelves. Nevertheless, it is anticipated 
that the savings in stockmen required would be substantial. 

Therefore, it is recommended that a mechanical 
material handling system for Stock "c" and "PIC" Stock be 
studied and, if feasible from an economic standpoint, be 
installed. This recommendation would also apply to a 
centralized stockroom it established. 

11.5.2.3 0 6.3 Functions of the Stores Unit. The following 
are the primary functions of the Stores Unit: 

1. To store all raw material, sub assemblies and mother 
parts until required by the manufacturing schedule. 

2. To aocount for all material received from production 
department. 

3. To allocate material to various competing requirements, 
based on rules set by Production Control. 

4. To dispatch material to the proper production depart
ments specified on holding cards. 

5. To serve as a reporting check point for production 
control information. 
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The storage of material is performed in an effi
cient manner by the use of tote boxes placed on shelves. 
A location file is kept on all material in the storeroom 
shelves . The amount of material on the shelves is dependent 
on (1) the effectiveness of scheduling and production plan
ning in having parts produced at the right time in the right 
amounts ; (2) the amount of stock releases authorized by man
agement ; (3) the a.mount of material produced in advance of 
requirements under economical lot size policy; and (4) the 
effectiveness of produotion departments in producing amounts 
required from material authorized. 

The accounting, allocating, dispatching, and re
porting funotions are accomplished by means of an IBM punched 
card system. The process works as follows. Contracts and 
assembly schedules are authorized by Production Planning and 
sent to the stockrooms together with holding cards and de
livery cards. Only a contract must subsequently be released 
by the individual production department foreman whose depart
ment is the lead department on a contract. Upon activation 
of work, either by authorization of the assembly schedule or 
release of contracts by foremen, the holding and delivery 
cards are placed in the active stock control files behind 
the inventory card for the partioular part r6quired. There 
are three primary cards involved in the stock control sys
tem, the delivery card being relatively unimportant. The 
receipt oard tells what material and how much was received 
by the stookroom ar.d from what contract or purchase order 
it came. The inveutory oard tells how much of a certain 
material is on hand in the stockroom available for issue. 
The holding card is authorization to issue material and 
tells what specific material and the amount required on a 
specific contract and to which department it is to be sent. 
So, for example , on a contract requiring five different 
parts there are five holding cards in the stock control 
flIes , each one being located behind the inventory card 
for the particular part required. When a lot of parts are 
received, a receipt card is prepared and sent to the stock 
control file . There the clerks compare the part number and 
amount with holding oard requirements, if any, and immediately 
dispatch the parts to the produotion department shown on the 
hOlding card. If there are no holding cards in the files for 
this part there is no ourrent requirement on assembly sohed
ules or contraots which have been released to date and the 
part is entered as an increase in stock on the inventory 
card. When new assembly schedules re authorized or new con
tracts released, the holding oards for parts required are 
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checked against stock available on inventory cards prior 
to filing these new holding oards. 

Every afternoon at 3:30 all cards which have 
shown action during the past 24 hours are sent to Tabula
ting where the inventory card is oorrected to show the new 
quantity in stock, the holding cards are reduced to show 
requirements still remaining to be tilled, and new delivery 
cards are prepared for each holding card which has not been 
completely filled. While these cards (minimum of 3 for each 
part received and disbursed and a minimum of 2 for each part 
which was either received or disbursed but not both) are in 
Tabulating all information required for various daily reports 
1s extracted from them. This process is completed by 5 P.M. 
each day when all oorrected cards are returned to the stock
rooMS. 

The entire IBM stock control system is simple, fast, 
provides for the automatio detection of the majority of cleri
cal errors, and all in all is an extremely efficient system. 
Scintillais justifiably proud of this system. 

The Stores Unit practices in making running inven
tories of parts is also commendable and help~ to avoid cri
tical shortages just When production departmdnts require the 
parts. At an] time any apparent discrepancy arises in the 
amount of material shown on the inventory cards, an immediate 
check is made of the material on the shelves and inventory 
records are corrected if necessary. Anytime the amount of 
stock of an item falls below a speoified level, a physical 
count is made and checked with the inventory card. Stock 
counting of disbursements by subtracting the amount left on 
the shelves from the amount on inventorJ records is not per
mitted. Material being issued must actaally be counted to 
avoid shorting production departments and introducing hard 
to deteot errors into the stock oontrol files. Random spot 
Checks of stock are made periodically and a complete annual 
inventory is made at which time all inventory records are 
corrected. This system of stook checks is effective and re
sults in a minimal amount of production trouble due to stook 
shortages. 

Allocation prooedures 1n the stockrooms are estab
lished and mOdified on oocasion by Production Control. 
BaSically, the system sets priorities in varying degrees on 
assembly sohedules, contracts, and spare parts holdings. 
These priorities also depend in part on the due date of the 



particular schedule, contract, or spare pa.rts. There is 
reason in this system based on the general importance to 
Scintilla of the various classes of work but the system 
is not without serious drawbacks. First, there is no 
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assurance that such an automatic allocation system results 
in optimum utilization of parts available. With two re
quirements competing for the same part, the one requirement 
that prevails over the other may be in no position to use 
the part due to shortage of other parts with which it is to 
be assembled. Thus the system can result in several partial
ly filled requirements where re-allocation would allow some 
work to proceed on schedule. Another drawaack to the system 
is that it allocates parts only to "active" holding cards, 
those in the stock control file. These active cards are not 
necessarily the top priority requirements since there are 
contracts which for one reason or another have not been re
leased by foremen and therefor have no active holding cards 
to be filled. As an example of what may occur, a part may 
come in and be disbursed to fill a spare parts requirement 
where it may sit on Stock "s" shelves for several months. 
A day or so after this disbursement is made, a current or 
even overdue contract may be released by a production depart
ment foreman and the parts will not be available. This can 
start a minor chain reaction of holdups right on through the 
assembly departments. Another drawback this system produces 
is the accu~lation of excess stock on the production floor. 
When a contract is released, this is automatic authorization 
to send any parts required under this contract to the re
leasing department. There are some deviations from this 
rule in the case of "unit issue oontracts" but these are a 
small percentage of the whole and do not mechanically fit 
into the normal allocation procedure. So, parts are sent 
to produotion departments to await accumUlation of the re
quired variety and the required amount of each variety. 
The use of valuable production floor space for this staging 
function is not economical and the crowding that results 
does not r,romote efficient operations. The "unit issue 
contracts' are another illustration of the drawbacks of the 
present allocation procedure. As the name implies, these 
contracts call for staging of the complete variety of parts 
required aefore disbursements are made to production de
partments. Due to this, they do not meohanically fit into 
the stock control file where single part numbers are the 
only consideration. As a consequence, "unit issue contracts" 
take seoond preference when parts are reoeived even though 
the need for these contraots may be greater than other re
qUirements which are filled first. It should be noted that 
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the above comments do not apply to "PIC" Stock and that the 
preaent alln.ation procedure does work reasonably well. 

Possibilities for improvement of the allocation 
pro~edures a~e two fold. First, before any requirement is 
filled, an aAalysis could be made to determine the optimum 
allocation of the parts available. This would obviouely be 
a c~mplex 8n~ repetitive system which would require addi
tional personnel. A second approach to the problem is an 
indirect one and the most rewarding. It is simply to in
stall an effective scheduling and production control system 
where manufacturing can be maintained on-schedule rather 
than 20% behind. Under such conditions parts would arrive 
on time and at speoified times, within fairly narrow limits, 
and all requirements could be filled on schedule. Thus, 
there would be no allocations of a few parts among several 
requirements to be made since the right amount would arrive 
in time to fill requirements as they are set up. Reference 
is made to the section of this report dealing with tiC ntrol 
of Schedule Progress" for a disoussion of the possibility 
of an improved scheduling and production control system. 

One last point ooncerning the functions of the 
St~pes Unit is worth considering. As mentioned earlier 
in this section, the Sales stockroom, Stock "S", has 
several functions among which are the stocking of spare 
parts for future requirements and the physical filling of 
orders for these parts. The stocking function is identical 
to the stocking function performed by the stores Unit ex
cept that the material in Stook "s" is reserved for filling 
customer spape parts orders. The order filling function of 
St (",k ItS" is identical to the all oation of parts function 
in the Stores Unit except that the Sales Department sets 
the allocati n rules in Stook "s" and Production Control 
sets them in the stores Unit. To perform its assignei 
funttions, Stock "s" employs 1 foreman, 4 allocation clerks 
and 14 material handlers (stockmen). There appears to be 
substantial ~avings in personnel by hysically combining 
the stocking and allocation functions of stock "s" with the 
Stores , unit leaving only a parts staging funotion to ~e per
formed by a omall Sales unit or by the Shipping Department. 
Com~ining the stocking funotion would reduce the number of 
sto~kmen presently required to perform these functions at 
separate 10 ations and would economize on storage space .y 
making the utilization of space more flexible. Combining 
the allocation function would reduoe the number of alloca
tion clerks required and would incorporate the reoords and 
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reporting system of Stock "5" into the regular stock control 
system. This could be accomplished easily by adding a dif
ferent colored spare parts inventory card and order holding 
cards behind the regular stock inventory card. It is dis
couraging to find that this suggestion for improvement has 
been proposed in one form or another in the past but has not 
been studied thoroughly and objectively. Personal opinions 
have been taken as fact, personality differencea have in
fluenced consideration of the idea, and distrust by one an
other of various branches of the organization has overshadowed 
overall efficiency of the Scintilla Division as a unit. This 
statement of hearsay and opinion is injected only because it 
presents some of the existing attitudes and prejudices which 
must be overcome before an objective appraisal of the proposal 
can be made. Routine machine reporting of all transactions, 
routine inventories, physical segregation of stock, and other 
protective devices are either inherent in the proposed system 
or can be included and appreciable savings would still result. 

Before concluding this part, it should be mentioned 
that for ease and simplicity of presentation, variations 
among the procedures of the four stockrooms of the Stores 
Unit have received little or no mention. The same basic sys
tem is used in all four stockrooms, the pri~ary differences 
being in the "PIC" Stockroom by virtue of the nature of the 
product being processed in that stockroom. Plug-in con-
nector manufacturing is 'aster and involves tighter schedules 
which materially affects the operations of the stockroom. 
Faster and a different type of service is required so that 
the basic stock control system has been modified to meet the 
demands of this unique product. However, with a few exceptions 
the above discussion of the stock control system applies to 
the PIC stockroom. 

In concluding this part it is recommended that the 
bulk of the functions of Stock "s" be combined with similar 
functions under the Stores Unit in order to effect reductions 
1n personnel requirements. 

11.5.2 .3. 6.4 Reports Generated from Stock Control Data. 

The routine processing of materials and parts in 
and out of the stockrooms produces a wealth of information 
by v1rtue of having a mechanized system (IBM) capable of 
rap1d processing of data. The information produced is pri
mar1ly of a work progress nature which is extremely useful 
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in produotion control work. The reports generated from 
processing the stockroom cards are depended on by Production 
Contro~ personnel, manufacturing foremen, Production Planning 
and others for essential information upon which many decisions 
necessary for planning, executing and controlling production 
will be based. The primary reports produced are as follows: 

1. Stock Receipts Report (weekly) lists the materials and 
parts received by stockroom during the past week. 

2. Stockroom Inventory Reports (daily) show the amount of 
each item on hand in the stockrooms as of 3:30 P.M. 
each day and the date each item was last received or 
disbursed. 

3. Stockroom Transaction Reports (daily) show all receipts, 
issue, losses, and gains for the day for each item that 
was involved in a transaction. 

4. Production Planning Stock Card Postings show the trans
actions that affect the total amount of each part which 
is on order, the amount available in stock and the 
amount issued to manufacturing. 

5. Cont~act Status Report (monthly) shows all authorized 
contracts, when they are scheduled for completion, the 
amount completed, and the amount still outstanding. 

6. Shortage Report (monthly) is a listing of contracts and 
purchase orders due this month for meeting next month's 
semi-units and assembly schedule requirements. 

7. Stock Spares Report (weekly) shows the holdings remain
ing to be filled for spare parts only. 

8. Sub-Contract Report (weekly) shows what sub-oontracts are 
overdue and when their scheduled delivery date was. 

9. Other similar reports ooveringplug-in oonnector stock 
movement and authorized work. 

The value of each individual report compared with 
its cost of preparation has not been oalculated but it is 
fairly bvious that the information presented by these re
ports is of the type that is needed to properly conduct the 
complex manufacturing operation. 
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11.5.2.3.7 In Prooess Inventory Generally speaking, the 
volume of materials in various stages of manufaoture and/ 
or assembly is a function of all of the parameters 
indioated below. 

1. Adenuaoy of the soheduling system at the 
operating level. 

2. Procedures and methods of material handling. 

3. Layout of produotion maohinery. 

4. Looation of storerooms. 

5. Company polioies as to the number and type 
of finished stook items that are permitted. 

1~ find that items 3 and 4 above are relatively 
unohangeable. Item 2, the procedures and methods for 
handling materials, appears to be simple and efficient. 

Of the remaining items, adequacy of scheduling 
on the operating level, and the oompany policies on the 
amount of finished stock, the former by all tests has the 
greater influence. Regardless of whether oompany policies 
are good, bad, or indifferent, in process inventory is 
destined to be high if the system for scheduling production 
at the operating level is inadequate. Conversely, it can 
be assumed that when such inventory (in tote boxes) is 
high then the fault lies predominantly with the operational 
scheduling system. 

In regard to company policies on how much and 
what type of produots can be built for finished shelf 
stocking, however, it can often happen that the efficiencies 
gained by some levelling of production with an increase in 
finished stock levels on repetitively prOduced items more 
than offsets the aotual or potential losses due to finished 
stook becoming obsolete on the shelf. Inoreasing the 
amount of authorized finished stock makes for easier 
scheduling hich in turn reduoes the in process inventory. 

As is common with most companies, Scintilla has 
periodic drives to reduce in process inventory. The very 
fact that these "drives" occur seems to indicate that there 
is no adequate control over such inventory and further 
that there exists no definite standard of in process 
inventory performanoe. '~ile no detailed nor intensive 
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investigation was made, it appears on, the basis of simple 
~uestioning that no one individual below the level of the 
Production Manager is now responsible for developing 
information as to the growth, value, cost, movement, and 
corrective control of in process inventory (in tote boxes). 

It is recommended: 

1. That some more adeouate provision be made within 
the MBnufacturing Department for delegating to a single 
individual responsibility for providing information as to 
the growth, value, and cost of In Process Inventory 
(in tote boxes), and for recommending to management ways and 
means to reduce these figures. A suggested procedure for 
developing some information about the inventory at regular 
intervals is outlined below. 

a. Divide the entire productive area of the 
factory into a series of eoual area grids. 

b. Choose about 30 to 50 of these grid areas by 
a random selection process. 

c. At days chosen at random during the month find 
for each of the selected grids the following: 

(1) The total number of tote boxes in the grid 

(2) The total value of the material in the tote 
boxes 

(3) The total factory floor space occupied by 
the tote boxes 

d. Calculate the mean for each of the items 
indicated in (c). 

e. Use these calculated means to estimate the 
total number of tote boxes in use, the total value of the 
inventory in those tote boxes, and one of the costs of 
such inventory by multiplying the total floor area used by 
the produotive oost per square foot of factory floor space. 

2. That the optimum amount and value of In 
Process Inventory be established with the aid of a manage
ment oonsulting firm, and that this value be the standard 
of performanoe against which the current inventory 
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(in tote boxes) be measured. It would appear that this 
optimum inventory should be based upon the sales forecasts 
for various general product lines. 

3. That a serious and detailed study be made of 
the relative value and cost of in-process inventory undor 
a system of greater production into finished stock as 
compared to the present procedure. Such an investigation 
ought to study: 

a. Possibilities of better scheduling on the 
operational lGvel and therefore more rapid conversion of raw 
or purchased materials into finished products. 

b. Costs of excessive fluctuations of production 
in terms of labor turnover, and direct labor costs for over
time and second or third shift personnel. 

c. Possibilities for reducing scrap and rework 
costs under a better scheduling system. 

d. Possible losses from obsolescence of finished 
stock while it is still unsold on the shelf. 

4. That the growth of in-process inventory be 
recognized as an indication representative of inadequate 
scheduling on the level of the Shop Supervisor/Foreman. 

11.5.2.3 .8 Expeditin~ Purchase Orders No study of the 
Purchasing Department was made because of the lack of time 
but it is presumed that some type of a tickler system is 
employed which signals that certain purchase orders are 
about to beoome or are actually overdue. 

The Production Control Section through oontinuing 
analyses of i ts 1~leekly Shortage Reports develops information 
about critically needed materials and by memorandum requests 
the Purchasing Department to expedite procurement. 

The aotions taken by the Production Control Section 
described above are "after the fact". By the time the 
memoranda are sent it seems possible that the materials 
may already be holding up either manufacturing or assembly. 
The system of checks and balances desired here must uncover 
potentially critical items before the time at which pro
duction is delayed. 

It is reoommended that the contents of the 
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memoranda initiated by the Production Control Section be 
analyzed by the Purchasing Department in order to: 

a. Gain an insight into the specific character 
of the materials that repetitively cause production delays, 
and 

b. Form a basis for more accurate estimates of 
purchasing lead time. 

11.5.2.4 Scheduling of Manufacturing Facilities The 
scheduling actIvIties thus far in the Production Manager's 
Department have resulted in the following information being 
placed in the hands of the Shop Supervisors and lor Foremen: 

1. The Contract Status Report is published 
monthly and is a complete up-to-date summary of all out
standing Manufacturing Department manufacturing work orders. 
This report lists "contracts " which have been issued by the 
Planning Section and those "contracts" still in Planning 
Section files. The report is made both in composite form 
and is also broken down by departments. Each report contains 
listings of part number, manufacturing work order or "contract" 
number, the quantity of parts still to be made on this 
contract, the Quantity made already on this contract, the 
month in which tho parts are to be made, an indication of the 
lead department and the department responsible for insuring 
that the contract is completed. 

2. Manufacturing v/ork Orders or "contracts" as 
they are called at Scintilla. These contracts actually 
authorize the performance of work. ~~en issued by the 
Production Planning Section, the :'contracts ll are sent to the 
Production Engineering- Coordination Section where route 
sheets are appended to them. Following this, they are 
delivered to an office adjacent to the Stock Room most used 
by the department which has been designated as the "lead" 
department. Shop Supervisors and lor Foremen accomplish 
much ot their contract releasing activity in these offices. 
For this reason, delivery of contracts is said to be made to 
stock rooms, but this is only for the convenience of the 
supervising personnel. 

3. Daily IBM inventory reports on materials then 
available in all stock rooms. Of particular interest to 
manufacturing persons are the inventorie s of raw materials 
found in Stockroom "CC' and of finished parts found in 
Stockrooms "C" and ., ,, " • 
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Chart No. 11.5.2.4-1 outlines the manner in which 
Mfg Work Orders and the Contract Status Report are developed. 
Successi ve 'lexp10sion processes II followed by transfer post
ings have resulted in stock reouirements appearing on in
dividual part stock record cards. ~ach card is analyzed by 
a Planning Analyst who originates a Shop Order Re~uisition 
(IBM) card form whenever a net reouirement is revealed. 
Shop Order Reouisitions are delivered to the Tabulating 
Section where -through a punching/printing process, one Mfg 
vTork Order and one Mfg Work Order summary card are prepared 
for each Shop Order. The Mfg Work Orders are returned to the 
Planning Section where they are filed by the month in which 
the work is to be accomplished. During the 30 day period 
immediately preceding this month all of the "contracts" for 
the coming month are issued as previously described. The 
summary cards on Mrg ~ork Orders are retained in the Tabula
ting Section until the "contract" is terminated, and once each 
month the Contract Status Report is prepared from such cards 
as still remain the active file. 

The general action taken at the Shop Supervisor/ 
Foremen level upon receipt of the information discussed above 
varies since few routine procedures exist. Each individual 
department is left largely to its own devices in accomplish
ing the detailed work station scheduling re auired to complete 
t he "contracts " issued to it. 

A typical approach to this problem is described 
below for a lead department. 

Sach morning the foreman goes to the stockroom 
office and examines his file fold er in which the office clerk 
ha s placed newly issued oontracts. The folder also conta ins 
unreleased oontracts. He checks on the availability of 
ma terials necessary to complete each contract by referring 
t o the latest stockroom inventory reports. If no material is 
available, he usually notes this fact on the face of the 
contract and returns it to his folder. If mat erials are 
available, he must decide whether or not to release the work 
t o his operators. This deoision is made on the basis of the 
fo llowing information: 

(1) expediters may have indica ted the need for 
Pa rtioular parts 

(2) past experienoe singles out parts that have 
previously iven trouble 
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(3) his immediate supervisor may have assigned a 
priority to certain parts, 

(4) releasing certain parts in sequehce tends to 
reduce machine setup time. After deciding, the order or 
priority of released contracts, the foremen assigns the work 
to partioular work stations or machines in a manner deter
mined by himself. This process may vary from a formal list
ing of part numbers versus work stations all the way down 
the path of informality to a poiht where work assignments are 
made whenever he observes a station to be slaok. 

No information was accumulated as to the method 
of detailed soheduling in secondary departments. 

The information provided to the Shop Supervisor/ 
Foremen by the Planning Seotion oan only be characterized as 
the most essential parts of a master scheduling process. 
Manufacturing departments are told what to make, how many to 
make, and the month in which it should be made. From then on, 
each department is 'on its own" for "before the fect " 
scheduling. Of course, the expediter's advice is available 
for "after the fact" scheduling. Lead departments are in a 
better position to do detailed scheduling sinoe they control 
the part to be released and its time of release. Iben work 
has been completed in the lead shop, the partially finished 
material is usually placed in a tote box and moved out into 
the traffic aisle. Materials handlers, by referring to the 
route sheet placed in the tote box, move the material to the 
department in which the next operation will oocur. It is not 
uncommon for a part to go through 3 to 5 departments before 
it enters a finished stockroom. These secondary departments 
have no routine, system~tic, and controlled way of anticipat
ing their work loads. The usual method is for the shop foremen 
to "visi t Il the lead shops from yhich he gets most of his work 
where using his experience and judgement he estimates future 
work load. 

In order to gain further insight into the schedul
ing process Contraot Status Reports for February and March 
1957 were analyzed. Detailed findings are given on Chart 
No. 11.5.2.4-2 along with a brief explanation of the 
technioue used to aOQuire the data. Information of partic
ular interest was 

(1) The number of outstanding manufaoturing 
department contraots approximates 12,000. 
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(2) ~ pproximately 38~ or about 4500 contracts 
are not fully completed as originally scheduled, but of 
these 84~ or about 3700 have had some work done on them. 

(3) Approximately 25~ of all contracts in each 
of the reports concern work to be accomplished two or more 
months in the future. 

The average manufacturing time per contract was 
developed from the data on the chart as indicated below. 

Estimated number of backlog plus current 
contracts in Feb. 1957 7650 

~stimated number of backlog contracts 
in Mar. 1957 4464 

~stimated number of contracts completed 
per month 3186 

Estimated number of backlog plus current 
contracts in Mar. 1957 6874 

Months to complete March backlog and 
current contracts ;~sl eouals 2.l5Mths. 

This delay of 2.15 months checks out closely with 
the mean time of delay calculated directly from the dis
tribution of scheduled months shown in the individual 
Contract Status Reports. These delays were: in Feb. 1957, 
2.15 mths; in Mar. 1957, 2.09 mths. Chart Nos. 11.5.2.4-3 
and 11.5.2.4-4 show the distribution of scheduled months 
taken from sample data. ,\It.hough these data are based upon 
only two samples, they seem to indicate that at the present time 
the average contract takes approximately 62 days to pass 
through the ~funufacturing Department. 

, work s9mpling survey was made on two successive 
Tuosdays in an attempt to determine the amount of time that 
the average foremen spent on scheduling activities. The 
detailed results are shown in Chart No. 11.5.2.4-5 
of significance is that foremen appear, on the basis of 
these few samples, to spend approximately 321 of their work
ing time in detailed scheduling activities. Such activities 
detract from their ability to supervise their operators on 
the production floor which is the generally accepted 
responsibility of first echelon supervision. That this 
inability to supervise continuously at work stations affects 
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Results of Foreman Work Sampling 

Departments 26 through 34, 36 through 44, and 47 through 49 

Detailed Total 
rk Gate ories Obs. Obs. 

Activities associated with scheduling 

A. Material chasing or conferring with de
partment stock chaser about material 
ready for release 

B. Allocating jobs to workers 
C. Attending shortage meetings 
D. Allocating rework jobs 
E. Processing Production paperwork 

All supervision of production of floor 

A. Instructing or conferring with workers 
on work situation 

B. Checking machines 
C. Checking quality 
D. General survei11anc~ of production progress 

Production process work 

3 
7 
1 
1 

-L 

A. Engaged in development work 3 
B. Conferring with engineers 1 
C. Co-ordinating with Engineering Department 

on data and prints 2 

All other activities 

At work, but off floor; business unknown 
Total Observations: 

rCentage of activities associated with scheduling observed: 

15/46 : 32% 

15 

11 

6 

9 

6 
47 

te on technique: Foremen were approached at random times during 
rs from 10:00 A M;'p8 3:30 .M. ',on two ' 'ruesdays=a ~fiJek apart. 
eman was requested by sampler to state what work he was engaged in 

ttime sampler approached. Foreman's stated activity was then fitted 
o above categories. If for man was at work but not present and his 

act acti vi ty was not known, the ob ervation was placed in category v. 

Chart 11.5.2.4-5 
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production seems to be verified by the average scrap and 
rework figure of l4~ of output. High scrap and rework in 
turn produces at least two important effects of its own. 
First, it interrupts the routine movement of partially 
completed products from one department to the next and, 
therefore, tends to increase overall manufacturing time, 
and second, it has a tendency to increase the volume of 
In Process Inventory (in tote boxes) for the same reasons. 

In summary it appears that the present lack of 
systematic detailed scheduling from the Shop Supervisor/ 
Foremen level to the work station is the most significant 
factor contributing to: 

(1) High volume of In Process (in tote boxes) 
Inventory. 

(2) High scrap and rework costs. 

(3) High percentage of manufacturing contracts 
not being fully completed as scheduled. 

(4) An average contract life of about two months 
versus the planned life of one month. 

It is recommended: 

1. That a reputable management consulting firm 
be hired to revamp the scheduling system particularly at 
the Shop Supervisor/Foremen level. It would appear that 
some of the important characteristics of such a system 
should be: 

(a) It must provide for the directed movement 
of materials between manufacturing departments in an 
orderly preplanned manner. 

(b) It must aid and guide the Foremen in 
accomplishing work station loading by providing priority 
information on contracts. 

(c) It must permit scheduling by both primary 
(lead) and seoondary shops. 

(d) It must preclude the possibility of schedul
ing the mijnufacture of a component for which either tools 
or materials are not known to be available. 
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(e) It must be simple to relate the scheduled 
load to the department and/or factory capacity to produce. 

(f) It cannot be too radical a departure from 
the present system. 

(g) It should be adaptable for use with the IBM 
Machine Accounting Installation. 

(h) It must provide for pointing out those com
ponents or materials which are going to be delayed so 
that extra time or alternate facilities are utilizad. 

(i) It must be flexible enough to be inter
rupted by "emergency" jobs from time to time. 

2. That the Contract Status Reports be made more 
useful to the Foremen and Shop Supervisors by either (a) 
eliminating therefrom all contracts which have not yet 
been issued by the Planning Section to the Manufacturing 
Department, or (b) separating the backlog/current contracts 
from the future contracts and publishing the future 
contracts in a separate report . 

3. That the Production Planning Section study 
the average time for Manufacturing to complete a contract 
and utilize this time for planning purposes in lieu of the 
one month period now assumed. 

4. That the Production Planning Section take 
action to check on the availability of tools and materials 
prior to the issuance of any contract to the Manufacturing 
Department. There seems to be no logical reason for a 
Foreman to have contracts in hand on which he cannot do 
work. 

11.5.2.5 Scheduling of Assembly Department Facilities-About 
fifty to sixty days before the assembly month is to begin, 
the Production Scheduling Section prepares the necessary 
Assembly Depa rtment "oontracts 11 using the Master Uni t 
Requirements Record and the Master Planning Record as the 
SOurces of information. This process is accomplished 
simultaneously with the creation of the Preliminary Assembly 
Layout discussed under the section of this report dealing 
with the \uthorization to Use Finished Subassemblias and 
Parts. The assembly contraots although prepared well in 
advance are held in the Scheduling Section for issue to the 
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Assembly Department about fifteen days before the beginning 
of the assembly month. 

Referring to Chart No. 11.5.2.5-1, the next 
issuance occurs some seven to ten days prior to the assembly 
month in the form of the Preliminary Assembly Schedule. 
This ·' schedule·1 lists uni t reauirements for aircraft and 
commercial magnetos, and jet components only. Its purpose 
is to permit the Assembly Department to commence its work 
in advance of the scheduled assembly month if the current 
workload is slack. 

At the beginning of the work month, the Assembly 
Schedule covering the same units as the Preliminary 
Schedule is issued. Small differences in Quantities may 
occur between the two schedules otherwise they are alike. 

As soon as possible following the Assembly 
Schedule, the Monthly Schedule listing the net reouire
ments for units and semi-units is promulgated. This 
schedule shows the total renuirements reduced by the 
number of units and semi-units actually on hand in 
various stages of completion. It also shows the quantity 
of each unit and/or semi-unit which must be lishipped II 
from the production departments to the Shi,ping Department 
or to Stockroom "S". Locally known as the monthly pink 
sheet, this schedule is the so called '·bible l

. for unit 
and semi-unit production. Vhen combined with the basic 
assembly contracts, it provides information as to the 
type of units and semi-units desired, the net quantity 
that must be produced, and the month in which these items 
are due. 

There appears to be no essential difference 
between the Preliminary Assembly Schedule and the Assembly 
SChedule except minor changes in quantities of u~its 
required. Furthermore, since the }.~on thly Schedule is the 
working "bible I. it would seem that the Assembly Schedule 
serves no important useful purpose and could be eliminated. 

The similarity between the type of information 
made available to the Assembly Department for scheduling 
and the information given to the Manufacturing Department 
should be noted. Again, these procedures amount to 
master scheduling only. Shop Supervisors and/or Foremen 
ere left once more to aocomplish de tailed work scheduling 
activities. On the avera e they spend as much of their 
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time at this job as the manufacturing supervisors do 
(an estimated 32~). 
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While no graphical analysis of daily perfor
mance was made, it is evident from an examination of the 
Daily Reports of Production that no uniform scheduling 
system exists. One finds that during a typical work 
monthJ the percentage of units completed may run as much 
as 50~ behind level production until the last 10 or 12 
work days. At this point, preseures to achieve satis
factory performance are such that the daily output 
increases significantly and the billing goal usually is 
reached. In Chapter 7, the results of this extreme 
fluctuation of assembly output is seen to "build into il 
the Shipping Department inefficiencies in the proper use 
of manpower and facilities that are insurmountable at 
that level. An adequate system for scheduling work 
station operations potentially would be able to overcome 
these fluctuations in performance and increase assembly 
efficiencies so that a much higher percentage of 
customer delivery dates could be met. 

It is recommended: 

1. That a reputable management consulting firm 
examine and revise the detailed scheduli :lZ s .)"s tsm in a 
manner similar to that recommended for the Manufacturing 
Department. 

2. That the issuance of the Assembly Schedule 
be discontinued. 
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11.5.2.6 Control of Schedule Progress. 

11.5.2.6.1 Responsibility. The responsibility for the 
timely execution of production schedules rests with the 
Production Control personnel and the manufacturing foremen. 
The foremen are vested with sole authority to issue orders 
to the operating personnel but in order to do this and ef
fectively meet the production requirements, the foremen 
must depend on Production Control for essential information 
and advice. The reasons for this are mostly quite obvious 
since an individual foreman has little knowledge of the com
plexity of operations outside his own department which will 
have an effeot on or be affected by, operations within his 
department. Produotion Control is the collection and inter
pretation center for this information which includes such 
data as urgency of various parts, availability of parts which 
will go into an assembly, work load on succeeding department, 
sub contract delays and lead times required, breakdown of a 
contract for a single part into requirements for several 
assemblies or spare parts and the urgency of each requirement, 
etc. It should be kept in mind that these decisions are made 
00 individual parts or mother parts which often are only one 
of many going into a single final assem~ly a:ld the "priority" 
of all parts going into such a final aSg en~ly 0an change 
radically when one key part becomes unavaiJ &~: e for any rea
son. With thousands of parts being manufav t~~ed, the de
cision making problem for individual parts becomes extremely 
complex and repetitive if optimum results are to be achieved. 

Another factor that contributes to the foreman's 
dependence on Production Control for scheduling advice is 
the system of scheduling dates used. Each contract has a 
scheduled completion time which is indicated only by the 
month in which it is due, with the exception of electrical 
connector assemblies which have weekly scheduled completion 
dates. This system was adopted to allow flexibility in the 
man~faoturing departments on setups, etc., and to allow some 
slack time for the accumulation of all parts that would be 
required for an assembly. These two features are desirable 
and should be retained in som form. However, the net result 
1s that out of appr ximatel7. 250 working days during the year, 
contracts are evaluat d as 'late" on only 12 days, the last 
Working day of each month. On the other 238 days no exact 
measure of performano is possible under present pr~cedures. 
It is tru that the xperienoe and judgment of the Production 
Control personn 1 giv s them a "feel" as to the current status 
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of production but this cannot be easily and constantly trans
mitted to foremen for use in decision making on scheduling 
matters. Thus, the foremen find themselves in the position 
of not knowing what their workload for the month is, since 
contracts are possessed only by the first department that 
will work on them, and they cannot plan very far ahead since 
they do not know when work from other departments will arrive. 
As a consequence, without advice of Production Contro~ foremen 
could only work on a first come, first worked-on basis with 
little or no regard to economical scheduling and relative ur
gency of contracts. 

To summarize the subject of responsibility for exe
cution of production schedules, the foremen have sole authori~y 
to say when and on what machines each contract will be done 
and they are held responsible for execution of the schedules, 
but they do not possess, nor are they routinely furnished with, 
the information required to perform this task. Production 
Control personnel possess this information but have neither 
the authority to make work assignments nor are they held re
sponsible for meeting the schedules (except within fairly 
broad limits). This assignment of authority and responsibility 
appears misdirected as evidenced by the numerous progress meet
ings of foremen which are necessary, the high rate of late con
tracts , and the undesirable and unnecessary tension in a fore
man's job due to being responsible for a task which the foreman 
cannot properly plan. It is strongly recommended that Produc-
tion Control be given the responsibility and authority to exe

cute production schedules and the foremen be freed to spend 
full time supervising his workers and planning the teohnioal 
aspects of the work. Adoption of this recommendation would 
enable the only group which accumulates the complex of informa
tion affecting schedule performance to utilize this informa
tion for detailed scheduling, thus heading off trouble before 
it arises, rather than their present role of recommending to 
foremen the expediting of contracts already seriously in 
trouble. 

11.5 .2.6.2 Organization of Production Control. The Production 
Control organization consists of about 40 persons divided into 
Six product groups such as Jet Units, Leads and Cables, 
Aircraft Magnetos, etc. Each product group is responsible for 
follOwing the progress of components under its jurisdiction, 
making recommendations to foremen on priority of contracts for 
these components, making departures from normal parts allooa
tion procedures in stockrooms, expediting the movement of 
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material through Reoeiving. Inspection and on the production 
floor, and oollecting material under terminated contracts 
which is on the production floor. It is well to keep in 
mind that the results being achieved by this section are 
costing about $200,000 per year in salaries. 

The organization of this section into product groups 
has many advantages. The primary benefit is the familiarity 
of a group with its assigned produots, the normal troubles 
they encounter in procurement, sub contracting and in produc
tion, and the location of specific parts on the production 
floor out of thousands being worked on. This organizational 
breakdown facilitates the analysis of current production of 
various products as units which is the form of all inquiries 
f rom Sales and others. 

There appears to be three primary drawbacks to the 
present organizational breakdown: (1) Co-ordination of the 
expediting efDorts from several product groups, directed at 
a single foreman who produces parts for all of these groups, 
i s not provided for on a routine basis and is not effectively 
accomplished; (2) Evaluation by one group of the changes going 
on in product lines of other groups, with th~ conseque~t 
effect on production oapacity used by seYera~ brouoD s is not 
easily performed due to lack of fam11ia~:> ~_ ':-y v::: hl~s e ot her 
product lines; (3) Expediting a product ::. ~.r.9 of t'3n me ans that 
a single group is trying to keep track o ~ and manipulate the 
numerous, oomplex and constantly changing factors affecting 
Purchasing, the majority of the produotion departments, and 
an assembly department. A single group trying to master an 
extensive operation of this complexity appears to De spread
ing manpower pretty thin unless they forego t he idea of con
trolin~ production and resort to "plugging each leak as it 
occurs. Discussion of each of these drawbacks follows: 

Co-ordinating the expediting efforts of several 
groups which are directed at a single produotion foreman 
is an essential requirement especially from the foreman's 
point of view. How much help are these advisers to the fore
man if they don't give him intetrated advice on how best to 
get !1l products (i.e., contrac s) through his department in 
t he most efficient and timely way? The foreman is in no 
Position to combine these various requirements into an inte
gr ated schedule for he lacks the essential information on 
operations outside his own department. At the same time the 
Production Control men are speoialists in specific products 
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and their interest and knowledge lies in their own product 
line . The result of this situation is that Production Con~ 
trol does not concentrate their efforts on getting the maxi
mum overall production out of a department's facilities to 
the benefit of all products, but instead pushes contracts 
whioh are late today with little regard for the effect on 
overall production. With production running about 20% late 
constantly, it is easy to imagine the amount of continual 
"pushing lt of foremen to get individual product line parts 
out. But no one in Production Control is evaluating each 
department as an individual unit of production to find out 
how each department can best be used to cut down the ever
present backlog of overdue contracts. 

The next point, that of each product group having 
little knowledge of the effect on production of its product 
caused by changes in production of other products, exists 
for the same general reason as the disadvantage explained in 
the previous paragraph. Production Control personnel are 
evaluating progress of parts of specific products but are 
not trying to evaluate, in advance, the troubles various 
produotion facilities will encounter due to combined input 
of parts for several different products. Lacking such over
all advanced planning of all parts going into each produc-
tion unit the result is that a production unit must get into 
trouble and cause delays in progress of parts before attention 
1s devoted to the bottleneck. Not being organized to perform 
such advanced planning, Production Control is seriously limited 
as to the amount of preventive action they can take. 

Finally, following producta completely through pro
duction from Purchasing to final assembly results in the ex
pediters in each group trying to master a major portion of 
the production process and involves duplication of expediting 
effort in departments which are not devoted solely to one 
product line. This is a big assignment for the Production 
Control personnel for it does not simply involve recording 
progress and pushing the late contracts. It involves a great 
deal of minute and thorough planning in advanoe if production 
is to be effectivly controlled and not just followed. But 
the area to be oovered 1s too great and control is split 
among groups whose products often are being processed in a 
Single department. The result is trouble shooting after the 
trouble develops and too late to prevent it. 

As mentione at the beginning of this section, the 
present organ1zational reakdown of Production Control into 
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product groups has many advantages and the sale of completed 
produots is what pays the bills. Retention of this break
down is reoommended but changes in the duties of about one 
half of the personnel is required. The following general 
revision of the organization is recommended : 

1. A Produotion Control man be assigned to 
each production department (or 2 men in 
some and 1 covering 2 departments, as 
dictated by conditions) who will be re
sponsible for scheduling all work through 
the department and reporting progress of 
the work against the schedule. His progress 
reports and department schedules would go 
to the product groups in the Production Con
trol office and to the Production Control men 
in sucoeeding departments. Thus a Production 
Control man would reoeive schedules showing 
him what work to expeot and when. 

2. A Production Control central office be com
posed of small product groups co-ordinated 
by a senior man, or small group, with an ad
ditional man as Sales Liaison man. The 
functions of the product groups would be to 
maintain product progress records and to 
compile integrated priority listings of all 
urgent products and those involved in com
peting for the same production facilities. 
The latter would be used for the guidanoe 
of the Production Control men assigned to 
production departments. The Sales Liaison 
is recommended to increase the response of 
produotion to customer needs and to more 
easily and readily refer such questions as 
choice of which deliveries will be lat6;. 
back to Sales. 

It is the opinion of the writer that this revised 
organization would require no more than the present 40 per
sons and would result in controlling production rather than 
present trouble shooting. In addition, much better progress 
records than are presently being produoed will result. Each 
department would be a check point on progress, rather than 
the present system of using stockroom reports of receipt of 
completed contracts as the basis of progress reoords. 
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11.5.2.6.3 Schedules to Control. A schedule is commonly 
thought of as a single document, or board, or group of data 
in some assembled form which presents the complete plan of 
action for a specified length of time in the future, and 
which is used as a standard to compare with performance. 
Essentially Scintilla has a schedule that fits this descrip
tion but it is difficult to state what one document or group 
of documents actually comprise the schedule. All contracts, 
taken as a group, which have been issued by Production Plan
ning represent the schedule for sub assemblies and mother 
parts. Not too much emphasis is placed on these contracts 
as a schedule (about 20~ are continually overdue) although 
production foremen work against delivery dates on contracts 
to some extent. A Contract Stat~s report is prepared monthly 
showing progress on all contracts but is not timely enough to 
be used as a scheduling and control device. So, all con

tracts as a group do not exactly comprise "the schedule". 
A portion of all active work is extracted, that portion being 
the mother parts due in the current month plus sub assemblies 
going into these mother parts. This is tabulated on the 
monthly Shortage Analysis report prepared by Production Plan
ning. This report then comprises the production schedule 
that must be met this month, but it by no means covers all 
aotive contracts such as sub assemblies required in future 
months which are being worked on now. In addition, it should 
be noted that the Monthly Shortage Analysis shows requirements 
only for the current assembly schedules plus spare parts and 
does not include parts in current contracts whioh are for 
future reqUirements. Such parts are involved due to cutbacks 
in assembly schedules, revised assembly schedules, economic 
lot Sizes, etc., and do oomprise part of current production 
goals since the due dates of the oontracts they are under so 
specify. Thus, the Monthly Shortage Analysis is only a part 
of the total schedule. This concludes the listing of what 
Could be considered as "schedules" for mother parts and sub 
assemblies. The remainder of the work, assembly operations, 
is oovered by documents which are obviously complete sched
Ules for this portion of the work. They are the Monthly As
sembly Schedule covering units of finished products and the 
Monthly Holdings covering se.ni units. (It should be noted 
that assembly work on plug-in connectors is omitted from 
this discussion.) Thus for Produotion Control there exists 
three documents which c~mprise an incomplete schedule against 
which they work: the Monthly Shortage Analysis, the Monthly 
Assembly Schedule, and the Monthly Holdings. No criticism 
of the lack of one composite schedule is intended since each 
Of the above documents generally covers separate production 
department groups. 
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The main oritioism of this aspect of schedules is 
that no ourrent schedule is maintained on oontracts for sub 
assemblies (not mother parts) which have delivery months 
other than one month prior to the scheduled final assembly 
month of the finished units they will go into. Sinoe a large 
portion of the total workload taIls in this category, it is 
evident that produotion of these sub assemblies is not being 
followed muoh less oontrolled. The net result of this system 
of schedules from a Production Control standpoint is that 
even though units take three months or wore to manufacture, 
progress is followed for only the last two (2) months, that 
of final assembly and the preceding month of manufacture and 
assembly of mother parts. On units that take say four (4) 
months to manufacture, the troubles that develop during the 
first two months will be ignored until the third month when 
it will probably either be too late to take effective cor
rective action or the expediting action taken will be of a 
"crash" nature adding to the confusion and disrupting regu
lar work routines and plans. 

Therefore, it is recommended that schedules of all 
current production be prepared and that Produotion Contror-
direct their efforts over the total production, in any stage, 
which is currently soheduled. This recommendation is made 
in reoognition of the fact that production and purchasing 
troubles will be spread in a random distribution over the 
total time required to produce a product, and that the sooner 
these troubles are spotted the easier corrective action will 
be, the smaller the disruptions to normal production will be, 
and the greater the sucoess in meeting produotion goals will 
be. 

Sohedules, in the form of contracts, holdings, and 
assembly schedules presently specify only the month in whioh 
the part, assembly, etc., is due. As a consequence, 12 daJs 
of the year all work is evaluated as being either on-schedule 
or late. It is important to note that work is not evaluated 
as being ahead of schedule. What effect does such a 'sched
Uling procedure have on efforts to control production ' Pro
duction can only be controlled if a plan of production is 
formulated for use as a continual guide in making everyday 
deCiSions and evaluating performance to date. Monthly sched
ules do furnish a goal to work toward but they are not of 
very much help in evaluating everyday performance, which 
must be done it production is to be oontrolled. 
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The present situation is generally as follows. 
Most contracts and assembly of units and semi units are 
allotted one month for accomplishment. Actual work on a 
contract, as an example, may only take a few days from the 
issuance of material from stock, performance of all opera
tions and inspeotion, transportation and waiting time, and 
delivery of completed work to Stock "e". Nevertheless, in 
general all material needed anytime during the next month 
is scheduled for production anytime during the current 
month. Since the only due date the foremen have is the end 
of the month for all work, they must try to plan, from the 
limited information available, in auch a way that they will 
meet the schedule or come as close to it as possible. This 
assignment of responsibility to the foreman is presently 
a matter of management policy even though the foremen have 
little or no information on purchasing delays, order and time 
of arrival of work from other departments, detailed require
menta of man hours and equipment for the entire month's work
load, and other essential planning information. It is no 
wonder that the foreman's plans are, of necessity, short 
range and, in general, poor. This, of course, results in 
a natural tendency to work at a set rate during the month 
until it becomes obvious that the schedule won't be met. 
Then for the remainder of the month pressure increases in 
an effort to catch up. 

As a simple example of another situation this sys~ 
tem can and does produce, take two sub assemblies being made 
in department A, for inclusion the following month in two 
different mother parts, and two other sub assemblies being 
made in department B for inclusion in the same two mother 
parts. If one sub assembly from eaoh department is late, 
then production of both mother parts can be delayed, whereas 
if eaoh foreman were told in what general order to produce 
the sub assemblies, production of only one of the mother 
parts would be delayed. Due to the fact that an appreciable 
portion of production is constantly behind schedule, this 
Situation is an important faotor in causing shortages. It 
also adds to the level of in-process inventory, primarily 
1n stockrooms, since a shortage of a single part causes a 
"Pile up" of all the other parts that are going into the 
same mother part or assembly. 

A summary of the produotion control problems 
~Used by monthly scheduling is as follows: 



1. On only 12 days out of the year can an 
evaluation of the current status of pro
duction or any part of it be made and 
progress accurately measured. Conse
quently, effective control between these 
monthly due dates is not attained. 

2. Allocation of a month ~o perform a cer
tain group of contracts is arbitrary and 
does not consider the actual manhour con
tent of the work which may be less or, 
more often, greater than the 25 or so 
working days allotted. 

3. Foremen are officially charged with plan
ning the work although they do not process 
the requisite information to do such plan
ning properly. 

4. Due to incomplete planning it is late in 
the month before poor progress rates be
come apparent and unnecessary pressure is 
then applied in an effort to meet the end 
of the month due date on the majority of 
production. 

S. Lack of a co-ordinated plan among depart
ments producing sub assemblies causes de
lays in subsequent stages of production 
by produoing the wrong sab assemblies at 
the wrong time. 

This list of problems is probably not unique with 
SCintilla but would be found to a greater or lesser degree 
in any large job shop. The problem of setting up a workable 
Schedule for complex job shop conditions and then controlling 
the production so as to conform to the schedule has not, in 
the writer l s opinion, been satisfaotorily solved to date, 
textbook writers not withstanding. The problem is to set up 
an ~1mum and workable schedule, in terms of the company's 
objectives, and not just a workable schedule, and then to 
Control production in suoh a manner that optimum results are 
achieved. Among methods of scheduling and controlling such 
a job shop are the following with probably a few more which 
differ in detail only: 



1. Man hour and machine hour scheduling 
with "control" being done basically 
by re-scheduling the work when progress 
wanders too far from tho existing sched
ule. 

2. Periodic load schedule (such as mmnthly) 
where at the besinning of every period 
the production "hopper" is filled with 
an amount of work which experience has 
shown can genera_ly be produced. Cor.trol 
is generally in the nat~8 of stock 
chasing late parts with little consi
deration of troubles being generated 
in other part::r. 

3. "Make-span" scheduling of parts with 
control being exe:;"cisad tllx'ough a set 
of lIeptimum decision rules ll used fer 
dispatching. 
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With the present c~aze for utilizing electronic 
computers, attempts have been made to mechanize all of these 
methods but without any great degree of success to date, at 
least for complex job shops. 

For such a shop as Scir.tilla, the first of the 
above methods in impractical from a time, cost and accuracy 
standpoint . That isnot to say that such a system could not 
be used by generalizing here, padding times there and making 
other compromiaes that would encourage inefficiency in the 
shop. The second method is the one presently used. From 
the amount of late work at all stages of production and the 
amount of production control effort on the part of manage
ment , foremen and Production Control it is obvious that this 
method is not extremely effective. 

The third method in some respeots is believed to 
be relatively new and quite promising. A paper on this 
method, "Operations Research in Production Control" by 
A. Vazsonyi of the Ramo-Woolridge Corporation is strongly 
recommendod since it deals with the progress of adapting 
this method to a job shop quite similar to Scintilla. 
Mr, Vazsonyits original objective was not to derive a new 
method of scheduling and produotion control but to apply 
large soale eleotronic data processors to the existing 
Production control problem, In attacking this problem he 
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strayed from the original objective, out of necessity, and 
has come up with the basis of a new and improved scheduling 
and production control method which also is a first step in 
setting the problem up for solution by electronic computers. 

The scheduling phase of this method is based on 
caloulating the "make-span" of the various parts from actual 
experience in producing them. Working backward from delivery 
dates these "make-spans" are plotted and a basic schedule is 
produced which is not so sensitive that upsets will destroy 
it since it is based on average conditions in the shop. The 
production contrel phase of this method utilizes the basic 
schedule to determine "in dates" and "out dates" for parts, 
from which prioriti~s of various parts are determined when
ever a foreman must pick from several waiting lots. The 
production ~o~trol phase of the method is designed to con
tinually keep the flow of productio~ on an optimum basis. 
Of course the me-.nagement of each company must specify what 
fac t ors are to be considered in determining what an "optimum" 
f low of production is. 

The description of this third method of scheduling 
and production control is extremely simplified as presented 
here and only a thorough study of Mr o Vazsonyifs report 
could properly present its possibilities. However, it has 
t he following advantages: 

1. It provides a schedule against which progress 
of work can be evaluated at any time to de
termine present status of production. 

2. Any contract can be evaluated to determine 
its status in relation to its due date. 

3. Parts are produced only at the time they 
are needed not ahead or behind schedule. 

4. Utilization of "decision rules" by foremen 
insures that the flow of work on the pro
duction floor is continually in an optimum 
condition. 

S. Constant scheduling by foremen based on in
~omplete information is eliminated. 

6. The need for co-ordination to insure timely 
arrival of all parts going into a unit is 
automatically acoomplished by the use of the 
"decision rules" unless conditions beyond the 
control of foremen arise such as purchasing 
delays. 
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Therefore, it is recommended that scheduling and 
production control be based on "make-spans" and automatic 
control be exercised through the development and use of 
"optimum decision rules" similar to the system being de
veloped by the Ramo-Wooldridge Corporation. In passing it 
is understood that Mr. Vazsonyi is presenting a second 
progress report on the installation of this system sometime 
in May. 

11.502.6.4 Rroduct1on Control Reports. The information on 
Production Control ~eports comes primarily from two eouroes . 
various stockroom t~ansaction reports and verbal information 
from foremen. The reports are: 

1. Daily Parts Sho~tage Reports. These reports, one on 
each pI'im~"y '~roduct line and one on spare parts, are 
based on the production requirements listed on the 
monthly Shortage Analysis from Production Planning. 
These reports are published weekly thus the term 
"Daily" in their title is misleadir..g~ Some informa
tion, mainly on mother parts, is poated to these re
ports daily from the daily stock transaction reports. 
Since the stock transactions reports list parts which 
have been completed, they are a good current source 
of requirements filled to date but they do not give 
any information on progress of production prior to 
completion of contracts. Status of sub assembly parts 
are posted to these reports weekly from the stock Re
ceipts Report. Weekly meetings of foremen are held 
for each product line at which time information on 
where all parts presently are and their status is 
gathered and entered on these reports. 

2. Critical Items Reports. These reports are prepared 
daily on each product line from information on the 
Daily Shortage Reports and from information gathered 
directly from the foremen. These reports list the 
items which are badly needed in the next stage of 
production o They list the part, the total amount re
quired, the amount delivered yesterday, amount de
livered to date, and the location and status of the 
parts on the production floor. 

These reports are sent to production foreman and super
visors for information and action and are used by the Pro
dUction Control men to record the progress of production and 
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items which should be expedited. The primary value of these 
reports is to highlight items which are critical. The Daily 
(weekly) Parts Shortage Reports are not too meaningful early 
in the month when the "Short" column is almost identical 
with the "Required" column, and they do not show which items 
are behind schedule until fairly late in the month when cor
rective action is the most difficult due to pressure to get 
out everything at once. These faults do not arise from the 
reports themselves but from the system of scheduling all 
"due dates" for the end of the month" Unless there is a 
specified daily or at least weekly production goal no mean
ingful evaluation of production progress can be made from 
these reports except near the end of the month. 

The only serious criticism which can be made of 
the reports themsel 'ves is the fact too t they do not cover 
all production going on during the month but only that por
tion that will be a~ sembled into finished ur.its and semi
units next month plus spare parts required this month. 
Thus, although other work has a current due date and must 
meet this date in order not to cause fu~ure trouble, no 
evaluation of the progress of this work is made until it 
is already overdue. 

Therefore g it is recommended that progress reports 
(shortage reports) be made on all production in order that 
production troubles can at least be detected during the month 
they develop. Until this is done, a major source of delays 
will continue undetected. 

11.5.2.6.5 Controlling Production. With production con
stantly 20% cehind schedule, it is difficult to consider 
that production is being controlled. The plan of produc-
tion is not only not being achieved, but no progress is 
being made in approaching achievement. Two possibilities 
present themselves. First, possibly the plan is unrealistic 
and impossible of achievement. Second, possibly attempts to 
Control production are not effective. It is assumed that a 
single month's schedule, less the carryover of overdue work 
from the previous month, is realistic since production does 
not appear to be droppong further and further behind schedule. 
One reason for perpetuating this condition as explained to 
the writer was to keep pressure on production. It is ques
tionable whether this is an effective stimulus for people to 
do their best, in fact it could be considered as having 



XI-77 

adverse effeots on morale, quality and oosts. The average 
incentive bonus being earned by workers does not sUbstantiate 
the claim of this being an effeotive stimulus. Nevertheless, 
since this constant oarryover does exist, it is diffioult to 
evaluate the effeotiveness of Produotion Control. They are 
primarily attempting to oontrol the production of mother 
parts. Sub-assemblies are for the most part already late 
when they first appear on Produotion Control Reports and 
their efforts in the assembly departments are primarily to 
get the parts required by the foremen of these departments. 
There is no convenient yardstiok to measure their effeotive
ness in oontrolling produotion beoause it oannot be stated 
with oertainty, one way or the other, whether the schedules 
are good, mean~ng attainable with efficient use of men and 
facilities, or bad, meaning either unattainable due to over
loading of availa~le capacity or too easily attained due to 
under loading. 

Production Control personnel do their oontrolling 
by (l)advice and suggestions to foremen o~ what work to per
form in what sequence, (2) by allocation of parts in the 
stookroom for most effeotive utilizatic~ of produotion, and 
(3) by expedi t3.ng the movement of material through Reoeiving, 
Inspection and on the production floor~ The first means em
ployed, that of advIsing foremen, is the most important and 
is potentially e very effective means of achieving controlled 
production o However) since efforts directed at foremen are 
in the form of advioe and in every instance must be "sold" 
it is a delicate arrangement where personality confliots 
could easily destroy the effectiveness of the Production 
Control men. In addition, it is easy to see that Production 
Control men can readily "sell" their recommendations where 
it is fairly obvious to the foreman involved that the situa
tion is really critical and will probabl1, result in the fore
man getting a f~ir share of the "chewing' from superiors. 
This is the case with present stock chasing of late parts. 
But if production were to be controlled by heading off 
critical conditions long before they arose, and in depart
ments fa~ removed from those where the trouble would finally 
become apparent, it is questionable whether Production Con
trol advice would be as readily aocepted. 

The second and third means used to control produc
tion, the allocation of parts and expediting movement of ma
terial, are presently effeotive but both could become complex 
procedures should the purchasing and delivery situation 
SUddenly become critical for some reason. Allocation proce
dures especially should be kept under oontinual study to 
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improve the effectiveness of production. 

Recommendations which would facilitate more effective 
control of production have already been stated under previous 
headings of this section. 
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11.5.2.7 Sentiments of Foremen Rather late in the project 
period it was decided that direct interviowing of foremen 
might uncover some significant information concerning pro
duction scheduling and other related matters. Unfortun
ately the time limitations permitted the completion of only 
three interviews out of a possible total of about 40. 

Pertinent comments from this relatively small 
sample are outlined below: 

1. Cuestion. About how many hours per week do you 
spend checking stockroom files for releaseable contracts, 
checking material and tool availability prior to release of 
contracts, attending Shortage Meetings, and assigning prior
ities to contracts after release? 

Stunmary of Comments The average number of 
hours reported in answer was 6 hours per week or about 1510 
of tho work time. Two of the foremen indicated that they 
did not regularly attend Shortage Meetings, and one re
ported that he did not receive copies of Stockroom inven
tory reports. 

2. ~uestion What would be the effect on your 
work scheduling activities if you were to receive a Contract 
Status Report in the form shown below instead of in its 
present fo~m? 

De t---
art Contract ~uantity Estimated Cumulative 

Number Number To Make Production ork Hours 
Hrs Per 100 This Re ort 

10-52502 3 4250 75 9.2 2 

10-64901 396821 5200 7.0 426 

10-82106 1200 .0 486 

Summery of Comments One department which did con
siderable lead work expressed strong interest in such a 
report which indicated that it was his practice to compute 
essentially the same information in order to estimate man
Power and machine capacity requirements. Another foreman 
appearod disinterested in the proposed format stating that 
whenever he neoded s~ch information, the present Contract 
Status Report was sufficient. The remaining foremen in
dicated that he never received the Contract Status Report 
but the proposed format would help him,if it constituted a 
~chedule of work. 
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3. Ouestion If you had sufficient time to devote 
to any problem in your department, what arGa would you 
attack first? 

Summary of Comments All foremen reported that the 
reduction of scrap and rework is their single biggest and 
most continuous problem. One indicat3d that some work fails 
to pass bench inspection because tho Routing and Layout 
Sheets are not correct. It was not uncommon to find 3 or 4 
mistakes each week in these instructions, many of which the 
foreman did not find until after being informed that a pro
duction lot was not up to specifications. Another secondary 
problem in one department was one of on-tho-job training 
of new workers. This foreman said that he could have such 
workers up to average output much faster if he could devote 
more of his time to their training instead of leaving them 
largely on their own or under the supervision of several 
experienced workers. 

4. Cuestion How do you go about scheduling work 
for your operators? 

Summary of Comments One assembly department fore
man used the .onthly Schedule (Pink Sheet) as a basis 
mOdified by his o~n judgment with priorty of assembly set 
by his sup~rvisor. Another said that he depends almost 
Emtirely upon the Wel3kly Shortage Reports promulgated by 
the Production Control Section. He reported that he 
normally handles the oldest contract appearing on these 
reports first unless the expediters have indicated some
thing different. This same department stated that compe
tition among expediters for machinery caused him freauent 
difficulty. The third foreman mot with his Shop Supervisor 
who gave him a listing of parts he was to work on in order 
of priority . The foremen generally assigned work to 
operators personally or via group leaders. 

5. ~uestion Do you accomplish anything similar 
to machine loading procedures in your department? 

Summary of Comments Two foremen reported that 
they did not. One of these apparently had no idea of what 
"machine loading" involved. The remaining foreman had 
moved a step toward formal machine loading technioues in 
that he calculated from the Contract Status Report and 
production standards how many hours it would take to com
Plete all the work of his department. In estimating his 
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capacity, he used a flat 20~ for downtime . By compqring the 
two machine hour figures, he could see whether or not 
Contract Status work could be completed. 

6 . Ouestion What does tho Roving Floor Inspeotor 
do in your department? 

Summary of Comments All foremen reported that their 
Floor Inspectors checked first new parts off machines for 
specifications and regularly signed operator piece rate 
cards . Two foremen had a generally poor opinion of floor 
inspection. One stated that such a procedure tended to make 
the operators qu~ntity conscious since only sample inspec
tions were made and most parts were accepted . The other 
foreman indicated that the floor inspectors were not doing a 
proper job and ~hat furthermore the machine operators were 
being paid alreauy for an inspection operation. The last 
foreman felt tha~ floor inspection was necessary and that if 
the operators had to do this type of inspection, additional 
equipment would be needed . All agreed that some substitute 
inspection procedure would be necessary if the Roving 
Floor Inspectors were discontinued . 

7. Question What do you do with the Daily 
Inspection Repor~? (Daily listing of items failing inspection) 

Summar;r of Comments Two foremen stated that they 
used such information to council and guide their operators . 
The other foreman did not receive this report but received 
the inspection report on high cost items which is published 
bi-weekly . He stated that the information on this issuance 
was "cold turkey" by the time it got to him and was of only 
general interest . 

Conclusions Although these interviews covered 
only about E% of the total number of foremen, important 
trends and attitudes have appeared . Analysis of the comments 
has yielded the following pertinent conclusions: 

1 . A more usable format for the Contract Status 
Report would be helpful to foremen. 

2. Problems of particular interest to foremen in 
order of priority are: 

8. Reduotion of scrap and rework 

b. Mistakes in routing and layout instructions. 
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c. On-the-job training (Assembly Dept.) 

3. The procedures used in each department for 
work scheduling involve different numbers and levels of 
personnel, different information sources and varying 
amounts of personal judgment. 

4. There is a general unawareness at the foreman 
level at the concept of "machine loading' , what it seeks to 
accomplish, and various ways it can be done. 

5. Although mixed sentiments exist about the 
efficiency of floor inspection, the consensus of opinion 
is that these procedures are not now achieving their purpose 
of insuring satisfactory product quality at each work 
station. In many cases, the company seems to be paying for 
floor inspectior. s ervice which it is not actually receiving. 

6. The Daily Report of Inspection is very help
ful to foremen in counciling and guiding the operators but 
is not being received by all departments. 

It is recommended: 

1. Teat the format of the Contract Status 
Report be ch3ngec to make it more useful to foremen for 
schedule planning purposes. 

2. That operator production standards be 
mOdified if inspection is not actually being accomplished. 

3. That foremen training include the following 
subjects: 

a. Procedures to reduce and control scrap 
and rework. 

b. Development and execution of on-the-job 
training programs. 

c. Methods and procedures useful for work 
station scheduling. 

4. That the Daily Report of Inspection be sent 
to every department. 



11 . 5.2 . 8 Summary of Recommendations 

Master Scheduling 
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1 . That one section in the Production Depart
ment having cognizance of overall plant capacity be 
established to receive customer orders and develop deliv
ery schedules . 

2 . That in coordination with the single section 
established to develop delivery schedules a plant loading 
analysis be conducted periodically in order to allow the 
section to do the following : 

a . Schedule more exactly 

b . Advise the Manufacturing Department 
of the exact overload in terms of 
machine hours that were being sched
uled for any period compared to an 
established normal employment level. 

c. Advise the manufacturing Department 
and other appropriate departments or 
sections that the schedule being de
veloped will require subcontracting 
of a certain amount of machine time . 

d . Acc~ately judge when overtime will 
be required to provide a more exact 
basis for placing premium prices on 
rush orders . 

Inventory Commitment 

1 . That both the Preliminary Assembly Layout 
and the Preliminary Holdings be replaced with IBM type 
cards, one card for each unit or semi~unit . These cards 
might be preprinted at the time the IBM Supplement is 
made up and kept on file until the Preliminary Assembly 
Layout and the Preliminary Holdings are issued . 

2. That consideration be given to eliminating 
the copies of the Preliminary Assembly Layout and the 
Preliminary Holdings which now are sent to the Production 
Control Section the Production Planning Section , and the 
Finished Stockr~oms . 
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3. That some more adequate provision be made 
within the Manufacturing Department for delegating to a 
single individual the responsibility for providing infor~ ' . :. 
mation as to the growth , value, and cost of In Process 
Inventory (in tote boxes), and for recommending to Top 
Management ways and means to reduce these findings . It 
is suggested that the Chief Planner be assigned this re
sponsibility . 

4. That a serious and detailed study be made 
of the relative value and cost of in process inventory 
under a policy of greater production into finished stock , 
and that the beneficial effects of such a procedure be 
weighed against the present policy of little or no finished 
stock inventory . 

5. That the Purchasing Department analyze the 
material shortage memoranda issued by the Production 
Control Se ction weekly in or der to avoid repetitious de
lays of similar material , and to form a basis for more 
accurate estimates of purchasing lead time . 

6 . That the optimum amount of In Process 
Inventory be established with the help of a management 
consulting firm and that this be the standard of per
formance to which the Manufacturing Department should 
conform. 

Scheduling of Manufacturing and . 
~ssembly Facilities 

1 . That the issuance of the Assembly Schedule 
by the Production Scheduling Section be discontinued. 

2 . That a reputable management consulting 
firm be hired to revamp the scheduling system particu
larly at the Shop Supervisor/Foremen level . It would 
appear that some of the important characteristics of 
such a system might be: 

a . It must provide for the directed 
movement of materials between the 
manufacturing de partments in an 
orderly preplanned manner . 

b . It must aid and guide the Foremen 
in accomplishing work station load
ing by providing priority information . 



c . It must permit scheduling by both 
primary (lead) and secondary shops . 

d . It must preclude the possibility in
sofar as is possible the scheduling 
of the manufacture of components for 
which either tools or materials are 
not known to be available . 

e . It must be simple to relate the 
scheduled load to the department 
and/or factory capacity to produce. 
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f . It cannot be too radical a departure 
from the present system. 

g. It must be adaptable for use with the 
IBM machine Accounting Installation . 

h . It must provide for point i ng out those 
components or materials which are going 
to be delayed so that extra time or 
alternate facilities are utilized . 

i . It must be flexible enough to be in
terrupted by "emergency" jobs from 
time to time . 

*3. That the Contract Status Reports be made 
more useful to the Shop Supervisors and Foremen by 
eliminating the l'cfrom :111 contracts which have not yet 
beem issued by the Production Planning Section . 

*As a first step toward such a system, we 
feel that the development and publication of a weekly 
"contract" workload by department should be commenced as 
soon as possible . 

4. That periodic analyses of the Contract 
Status Reports be made similar to the manner described 
to check on the average manufacturing delay and the gr owth 
of contract backlog . 

5. That the Production Planning Section study 
the average time for the Manufacturing Department to c om
plete a contract and utilize thi s time for planning pur
poses in lieu of the one mont~ delay now assumed . 

6 . That the Production Planning Section take 
action to check on the availability of tools and 
materials prior to t e issuance of any contract to the 
ManUfacturing Department 



7. That the amount of time spent by the 
Foremen in scheduling activities be reduced. 

Sentiments of Foremen 
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1. That production time standards now applied 
to operators be revised for inspection procedures which 
opel'ators are not accomplishing. 

subjects: 
2. That foremen training include the following 

a. Procedures for reducing and con
trolling scrap and rework. 

b. Development and execution of on
the-job training programs o 

CQ Mathods and procedures useful for 
work station scheduling~ 

3. That the Daily Report of Inspection be sent 
to every department. 

Miscellane ous 

1. That the Shop Supervisors and the Foremen 
be commended for the outstanding job they are doing in 
fulfilling the mast er schedules as they are now prepared~ 

11.5.3 Plant Engineer. Due to insufficient time in which 
to inquire fully into the functions of the Plant Engineer, 
this section of the report will be confined to a discussion 
of only a few topics. 

The Plant Engineer is charged with the maintenance 
and operation of the plant utility systems, the maintenance 
of the building and service e quipment, minor maintenance of 
production machinery, plant layout, and the accomplishment 
of alterations to the plant and relocation of e~uipment~ 

The maintenance systems employed are up-to-date 
but not wastefully elaborate. Inspection schedules are 
maintained on most servico equipment and inspection cycles 
are based on experience in past maintenance of this equip
ment. Scheduled maint enance is employed where recurring 
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maintenance in the past has demonstrated a need for such 
regular service. Large maintenance jobs are undertaken 
by plant forces if the job can be spread out over an ex
tended period of time, present and anticipated workloads 
permit a steady progross rato on the job, or where pro
duction operations dictate job conditions which would 
either be unacceptable to an outside contractor or would 
cause an excessive price for the job if awarded to out
side contractors. Maintenance work is farmed out to 
local area contractors if special skills or equipment 
are required, if this is the most economical way to do 
the job, or where present workload dictates the con
tracting of the work. It appears that the policy on 
maintenance of production machinery is primarily one of 
broakdown maintenance. Even though this is generally 
frowned on, without an economic evaluation of the policy 
in operation, no criticism is justified. 

The plant layout function in this office is 
presently absorbed in t e new extentions to the plant. 
Unless plant layout conditions are continually re-evaluated 
there is a danger that gradual alterat ~on and expansion 
will promote overall inefficiency in the plant. Product 
changes, sales volume changos, process changes, small 
expansions and localized alterations and rearrangements 
can all affect the materials handling function, stockroom 
locations, locations of particular machinery, and types of 
operation (io production line vs. process setup). It is 
easy to havo changes so gradual and planning confined to 
apparently isolated functions that the need for large 
scale modifications escapes notice as the planning personnel 
get accustomed to present operations being laid out in the 
same way it has been for years. To provide the continual 
review of layout that is dosirable, it is recommended that 
a plant layout review committee be established, with rep
resentation from a good cross section of the organization, 
and be assigned the responsibility of detecting and evalu
ating all changes affecting plant layout. Mee tings would 
be infrequent and because ef this, and the inherent nature 
of the problem, guide lines from management must be spe
cific and comprehensive or the committoe will become in
effective . 

The only remaining area considered for improve
ment in this office is the area of performance standards. 
There are two considerations here. The first is the 
Performance standard set for this unit of the organiza
tion by the accounting office. At present this standard 
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is limited to the cost of labor which is calculated on 
a meaningless basis. It does not give any measurement 
whatsoever of the effectiveness with which the main
tenance force is utilized. In addition there is no 
standard for material consumed. Thorefore, it is rec
ommended that performance standards for the Plant Engineer 
be established by Accounting on a meaningful basis. 

The other consideration of performance standards 
is in tho nature of work standards for maintenance em
ployec~ Although somowhat difficult in large plants it 
appears that the setting of work standards for mainte
nance work at Scintilla could be done with fairly com
plete covorage due to the repetitiveness of the majority 
of maintenance work performed. By setting such standards 
a continual moasure of performance would be available and 
opportunities to i~prove the effi~ieney of maintenance 
work would become apparent. Therefore, it is recommen
ded that work stand:.3.rds be developed fo:, maintenance"" 
and that they be used to gage and improve performancee 
No recommendation pro or con is made concerning the use 
of incentive pay with these standardsc 

11.5.4 MASTER IECHANIC: 

11.5.4.1 General F~etion. The Master Mechanic Depart
ment (sometimos referred to as the Production Engineering 
Department) is responsible for providing the tools, equip
ment facilities and process instructions to manufacture 
any product developed by the Enginooring Department and/or 
required by the company's sales force for the customer . 

11.5.4.2 Discussiono In essence this department plans 
the method by which the product will reach the shipping 
room door, by : 

1st . Deciding how the product is to be made 
in conformance with design. (Includes coordination with 
engineering to establish design for ease and economy of 
manufacturing . ) 

Sheets. 
2nd. ~aking up manufacturing layout process 

(Layout Department) 
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3rd. Deciding requirements for tools and 
machines and responsible for their design, construction 
or purchase. (Designed in the tool design section, eon
structed in the tool room, or procured, if necessary, 
through the equipment engineering section.) 

4th. Making test runs on intricate, specialized 
machines through the methods engineering department. (Not 
all tool go through the methods engineering department -
just those machines that are highly complicated.) 

As 
of tools and 
mechanic who 
ent types as 

outlined above the decision as to what kind 
how many te make rests with the master 
categorizes those tools into four differ

follows: 

1. Pre-Production tools or short lifo tools, 
for limited proQuccion, whoro tho design is not settled 
and changes are ve~y apt to bo heavy. Short tool life 
is expected, end a comparativoly high part price for the 
unit is acceptable. Short deliv~ry for tools and low 
tooling cost are of primo importanco. Only limited tool 
drawings are provided. 

2. Class 2 tools are still in low production 
quantities but" rec~lred for a unit that is of a stabilized 
nature. Tools are better made than the above and more 
accurato o 

3. Class 1, or high production tooling, where 
low unit cost, stabIlizod design, and long run tool life 
are optimized, and a tooling cycle of from four to six 
months is accoptabJe. Tools are dosignod to provide the 
best appearanco and highest degreo of accuracy. Gagos 
and measuring instruments aro provided so as to guarantee 
full compliance with blueprint tolerances and assure 
interchangeability. 

4. Automatic tooling, which is actually only 
a high dogree of meChanIzatIon, ushered in by tho re
qUirements fer plug-in-connector pins and sockets, pro
duced in oxtromely high volumo. 

Tho basic information a~ to productivity, ur
gency of dolivory and long run outlook is given to the 
Production Engineering Departmont oither in spocial ox- -
Planatory moetings or, as is tho case in most instances, 
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through the Production Contrel Comndttee meeting. This 
mooting is attended by sales, Engineering, Production 
and Cost Estimating. It is at this meeting that the 
Master Mechanic Department is first informed of tho amount 
of tooling money that it is expected to spend . Tool es
timatos then have to be prepared by the Cost Estimating 
Department in a relatively short time and, according to 
the Master MechaniC, often with only sketchy information 
or prints. 

The Master ~echanic has an assistant who .does 
overy thing possible to relieve the Master Mechanic of 
detail . As such he stands in his stead as chairman of 
tho production centrol committee as well as the suggest
ion committee. He 1s also responsible for gathering 
facts on any situation in which the master mechanic might 
be interosted or obligated to make a decision. 

There are seven difforent soctions that comprise 
the Production Engineering Department. They are: 

Prod~0tion Engineering - Liaison ~~d Methods 
Layo~t or Process Department 
Tool Contrel 
Tool and ,fold Design 
Toolroolt! nnd Tool Inspection 
Tool UTioa 

Production Engineering starts, fundamentally , 
with design. To avoid Inter bottlonecks and production 
or tooling difficulties, a PED man is assigned the En
gineering Design Sectien in the form of the Production 
Engineering Liaison Engineer. He reperts directly to 
the Master Mechanic and is responsible fer consulting 
with project enginoers to advise thom on manufacturing 
capabilities . As such his' functions in Engineering 
DeSign are puroly advisory, reporting back to the Master 
Mochanic for opinion or decisien if tho problom is in 
the manufacturing realm . 

The methods engineering group aro responsible 
for the development of new methods applicable to intri
cate machineso They are responsible for ascertaining 
that equipment does function as required prior to being 
released to manufacturing thus deciding the basie method
of operation . Little offort if any is oxpended, however , 
on the improvement of mothods on existing processos or 
machinoryo 



The Layout or Process Department is responsi-
ble for establishing manufacturing procedures. The 
sequence of operations as well as the machines to be 
used is decided upon. Thus manufacturing layouts 
(process sheets) are made up so that the manufacturing 
department may proceed with the productive operations 
and will be provided with the necessary tools and 
equipment. The Layout Department must review engineer-

XJDJl 

ing designs for comments to ascertain their present 
capability for economical manufacture. Based on Layout 
recommendations the Master Mechanic would make the decision 
as to the desireability of buying or building the necess
ary machinery. (P~P ( C. does not delve into designs to 
the extent that they con determine the capability of the 
individual machinea, so that this function becomes a prime 
responsibility of the Layout Department.) Thoy are also 
responsible for re yision of layout because of engineering 
design cho.nges .. Additional duties are connnenting on new 
designs and d1mensi~ning, filling out material control 
sheets, writing operation sheets and originating tool 
requests. 

Tool control coordinates the procurement of 
teols and gages required for production. When a spe
cific tool is req~t~ed by layout, tool control ncts to 
prepare a design c ontract (on a stcndord form) with the 
necessary inforr.mtion together with nn estimation of 
costs. The co st estimation acts as a "safety valve" 
te prevent tool design from going "overboard". The 
design contrac~ is then sent to toel design giving that 
group tho basic data with a delivery date. Tool De~ign 
takes over to sketch and design the roquosted tools, 
gage s, fixturos, molds and tost equipment. After Design 
tho "contract" is r oturnod to Tool Control with tho 
skotches. Tool Control thon sonds it to the Tool Roo~ 
to be mndo or through Purchnsing for procuroI:lont. 

Tho Tool ROOQ is a complotoly oqlipped machino 
shop staffed with tool makers, tool maker ~achinists and 
associated equipment. In all approximately 210 people 
are so eQployed, with about 50% of their time utilized 
by tool upkeep. 

Tool inspection is responsible for checking 
all tools for conformance to blueprint specifications 
in the case of both new tools and those coming from the 
fleor for periodic inspection. 
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The Tool Crib, as its name inplies, is the 
storage point or locating activity for any and all tools. 
It is responsible for naintaining active and inactive 
storage and pertinent rocords for all t001s used in pro
duction. The Tool Crib is not ompowored to dispose of 
tools but may store then in inactive locations. They 
naintain sufficiont tools of any typo needed to satisfy 
production requiroments. If an onergoncy situation 
arisos (critical tool shortage) it initiatos a requost 
for more tools through Tool Control. 

11.6 Production Standards and Methods 

11.6$1 General Dis~ussion Production Stnndards--All 
standardS-developea for the purpose of planning for 
production, foZ' \vage payment, and for control, includ
ing standnrds for working conditions, production methods, 
and all manufacturing expense. 

Methods Engineering-- The technique that sub
jects each operation of a given piece of work to close 
analysis in order to eliminate every unnecessary element 
or operation and in order to approach the quickest and 
best method of performing each necessary element or 
operation Wo~k s~plification, operation and process 
analysis, and tlrr.e and motion study are 0. part of methods 
engineering. 

In the Manufacturing Department of the Scintilla 
Division at the present time, responsibility for produc
tion standards and work methods is divided between the 
Production Standards and Estimating Manager, the Master 
Mechanic, and the Factory Superintendents. In other de
partments this area is the general responsibility of 
supervision. 

Standards are the tools by which all accurate 
Planning and control ere made possible. Without reason
ably accurato standards ono cannot hope to mako any sort 
of ostimato or forocast. Onco tho plan is mado, standards 
provido tho moans by which it is possible to analyze and 
control tho progress of the plan toward its goal. Stand
ards may bo classed in three groups as: (1) product 
standards, (2) planning standards, (3) doing standards. 

(1) Product standards are determined by pro
duct design which is based on the need of the c~nsumer. 
Produet design determines tho ssembly drawings, parts 
lists, parts drawings, and material lists. These in
turn provide standards in terms of size, appearanco, 
strength, finish, etc. 
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(2) Planning standards provide standard pro
cessos , standard methods, standard work placos, and stan
dard timos to completo the operations. 

(3) Doing standards control when the operations 
nre done. This is accomplished through scheduling. 

All production must be scheduled in some manner. 
One way to schedule is to put the required work load in 
seme central crea and have the werker select a new job 
upon completion of his old job. Another way is to di
rect from some central location every movoment of the 
product through its process. Most scheduling falls 
semewhoro between these oxtremes . It is recommended 
that scheduling be performed at an organizational level 
higher than the cpcrator , utilizing trained personnel 
and specialized techniques and criteria to encourage 
efficient nnd economical scheduling thorughout the plant. 

11.6 0 2 Production Standards and Estimating Department 
The Production S'tnndards and estimillng Manager re
ports to the Factery Manager . His department ef thirty
feur salaried enployees has two prinary objectives which 
require most Df th~ available nan hJurs in tho department: 

- (1) Tc estimate direct labor and material costs 
for parts, assemblies, and products. 

(2) To establish and maintain the production 
labor incentive system. 

Other objectives or functions of the department: 

(3) To analyze work in progress inventory 
variances regarding direct labor actual and standard costs 
and to recommend appropriate action if the size of the 
variance is relatively large. 

(4) To analyze operator method and work place . 
as part of the time study requirement and to make recom
mendations for improvement to the methods department in 
order to achievo optimum productivity at the operator 
lovol. 

mont for 
onginoer 
Mochanic 
layout. 

(5) To coordinate with tho accounting deport
material and labor estimates, with the plant 
for plant capacity , and with tho Master 
for method improvomonts, tooling costs and 



To accomplish these objoctives the depart
ment has an ~~ual budgot of approximatoly $170,000 
and it is divided into two sectiens, a Cost ~stimating 
Soction and a Time study Section. 
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11.6.3 Cost Estimating Soction. The principal function 
ef the cost estimat ing section is to predict tho direct 
labor and material cost to manufacture a part, rn1 assem
bly, or a product, for tho pu~pose of establishing a 
selling price. If an orde~ is subsequently received for 
a product for which an estimate has been made~ the labor 
and material data in the estimate becomes tho standard 
against which actual costs are cempared. 

The Cost Estinating Section consists of a 
supervising ongineer and a stonographer, two cost es
timating onginee~ s tr~oo senior cost estimators, two 
cost analysts, and ~our senior cost clerkS e- Tho annual 
payroll of the section is approximatoly $65 ,000 0 

Man hour utilization within the Cost Estimating 
Section is as fo110~s: 

(1) Standard Estimate Request Forms 55% 

(2) ~emnrandum Requests for Estimates 
(3) Requests for Price and Delivery 10% 
(4) Engineering Roquests for Esticato 

(5) 24 Hour Deadline Requests for 
prico on Plug-In-Connoctors 22~ 

(6) Fore Request for sarne infornation 

(7) Standards for Cost Accounting 8~ _ 
(8) -StOndards 'for Plug- In-Connectors 

(9) Menthly Broakdown ef Product 3~ 
Division No. 39, Plug-In-Connoctors 

(0) Engineering Changos 
(1) Variation Meno-- Changes in Cost 2~ 

An Estinate Request (ER) Form is the usual 
method of instigating a cost estinate. The form origi. 
nates in the Sales Deportment as the result of a custo
mer rs request for information or a price quotation. The 
fo~ goes t o the Engineering Department to develop a 
design and t o the Factory Manager for a decision to quote 
or not to quote a price. The fact ory Manager considers 
practicality, potential, suitability, and present capacity 
when he screons the request. 
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If the Factory Manager elects to quote-a 
price; the estimate request, layout and drawings, parts 
lists, and bill of materials are delivered-to tho 
Production Standards and Estimating office, where it 
is logged in by number, customer, part name and n~ber, 
and dato. Tho Cost Estinating Sup~rvisor then assigns 
the requost to an analyst or engineer. It is custooary 
in the soction for one man to do all the computations 
required for tho roquost unloss it is unusually compli
cated. 

A rocord is maintainod in tho Prnduction 
Standards and Estinating Dopartoent of tho diroct labor 
and mate~ial costs on all contracts completod in ro
cent yeftrs. If a cost estimate is required for a now 
product, tho ostinator selects cooparable parts or pro
cesses fr~m tho filo and aftor adjustment for curront 
labor nnd material costs and aftar adding or deloting 
elomonts of labor and natorial as may bo requirod to 
oanufacturo tho now product, the conploto ost1nato is 
producod. 

Many estimates require a great deal of ex
perience and judgment on bhe part of the estimator. 
The normal processjng of an Estimate Request requires 
the assembly anJ integrating of sUvh varied information 
as raw mate~ial~ inventory, machine operation and 
sequence of operations, tooling estimates and labor rates 
and allowances. To gather the necessary information on 
which to base an estimate on a new product may require 
a week or more. The section is frequently called on 
however, to make estimates , particularly for plug-in
connectors, within twenty-four hours. Such requests 
disrupt tho orderly flow of work through the section. 

Tho cost estimating section is also charged 
with tho rosponsibility for tho preparati8n of oconomic 
break-evon stUdies for now tool costs. This typo of 
study analyzos, for example , tho cost factors and ox
penso savings foatures of a $1400 f~ur cavity mold co~ 
parod with a $250 singlo cavity mold. Tho usefulness 
of such an analysis deponds cora upon the accuracy of 
the salos forecast than upon tho rolativo accuracy of tho 
manufacturing costs itemizod in the analysis. Although 
Such studies have boen little used by the Scintilla Divi
s10n in past years, it appears thnt thoy would be valu
able in a cost reduction progrnm, especially if tiod in 
With a review of production methods. 
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11.6.4 Time study Section. The time study section of the 
Production Standards and Estimating Department consists of 
a Supervisor of Production Standards and fifteen subordinates. 
The subordinates are divided among four position classifica
tions. There are three Standards Engineers, classification 
E-118; one Senior Time Study Engineer, classification S-503; 
four Time Study Engineers, classification S-502; and seven 
J unior Time Study Engineers, classification S-501. The men 
in this last classification are, in effect, trainees. Im
mediately one notices an apparent inbalance in the direction 
of the lower classifications. This is the result of two re
cent developments. Within the past year some six men have 
left this department; all of them experienced personnel. 
Also within th3 past year the senior classification of Stand
ards Engineer was eDtablished. The result of these two fac
tors is that th~ee of the remaining experienced men have been 
promoted to the higher classification and that many new men 
have been introd~~ed into this sec~ion to replace the losses. 
This leaves the midd.le two classifications l:.ndermanned. The 
desired organization would be an approximately even division 
of twelve men among the three lowest claasifications. The 
cos t to Scintilla Di "is ion for the sale.,r·les of these men is 
approximately $75,000 per year. 

Two methcds are used to determine production 
s t andards at Sc i~tilla Division, and two types of standards 
are set. The two met hods used are time study and standard 
data. The two types of standards are permanent and temporary. 
Approximately twenby thousand production standards are de
termined each year, and an average of eighty-five percent of 
all operations in the plant have standards set. The stand
ards are used primarily to determine piece rates for incen
tive pay purposes o They are also used for cost estimating 
and to determine machine loading. 

Time studies are initiated in several ways. When 
a job has been set up the operator punches a time clock in
di cating that he is commencing production time. At this 
POint he commences to work on incentive if there is a rate 
set for the job. Therefore, the pay roll clerk determines 
from the rate book at his desk whether there is a rate set 
fo r the job. If no rate appears in the rate book, either 
the pay roll clerk or the operator (neither one is speci
f i cally responsible so far as I have determined) makes a 
note that there 1s an unrated job in progress at the work 
station involved. A specific time study engineer has re
sponsibility for conducting studies in each department. 
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sometimes he is called at the request of the operator when an 
unrated job is commenced. At other times he is called at the 
initiative of the pay roll clerk. And at other times he in
quires at the pay roll clerk's desk to ascertain if any un
rated jobs are in progress. In any event, the time study 
engineer does not usually see the manufacturing layout or the 
blue prints for a job until he arrives at the operator's posi
tion. His first step on the scene is to study the layouts, 
prints, and routing sheet. If the part in question is similar 
to another part, engineering will have made reference to that 
fact. If this is the case and the time study engineer is 
aware of a previous study of this operation on the similar 
part which can be applied to the part in question, he may use 
this rate from the previous part. If: however, there is no 
similar part, or if engineering neglects to make the notation 
of a similar part, or if the time study engineer feels that 
the similar pa.:~t is not sufficientl y similar for the rate for 
this pa.rticula~ cperation to be applicable to the new part, 
then a time stu.dy will be conducted. On the Time study Analy
sis form the time study engineer completes the identifying 
information. He then observes several cycles to determine 
the appropriate elements to time. He then times several 
cycles and assigns an effort rating. The standard procedure 
is to time ten cycles (except where the cycle is excessively 
long). The normal effort rating is 60. Normal performance 
is defined in the u:1ion contract as, liThe rate at whcich the 
normal operator works consistently and represents an increase 
of twenty percent in the amount of standard minutes of work 
performed over and above standard performance." Aften ten 
cycles have been timed, using "snap-back" timing, the time 
study engineer selects the time which in his opinion is the 
correct time for each element. The time selected is the one 
which represents most nearly in the mind of the time study 
engineer the correct time for performing the element at the 
assigned performance rating. These selected times are ad
justed by the effort rating to become the normal times for 
the elements of the operation. Allowances are added for ma
terial handling and loading the machine. These appear to 
be determined exclusively by the time study engineer's ex
perienoe. Allowance is also included for gauging the fin
ished piece where this is applicable. These allowanoes and 
the normal element times are summed and multiplied by 100 
to give "normal minutes per 100 pieces". To this is added 
a minimum allowanoe of thirty percent; ten percent or more 
for personal, fatigue and speoial allowances and a twenty 
Percent incentive opportunity allowance. In most of the 
standards no allowance is included for tool trouble because 
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when this occurs the operator reports the fact to the fore
man and is paid at his base rate. After the standard has 
been computed, the time study engineer completes the Advance 
Rate Notice in duplicate (triplic~te for temporary rates) 
before he leaves the operator. After showing the rate to the 
operator, the time study engineer leaves one copy of the Ad
vance Rate Notice with the pay roll clerk for insertion in 
the rate book at his desk; the second copy goes to the pay 
roll office, and the third copy an the case of temporary 
rates) goes to the rate book in the production standards 
office. 

The rate may be temporary under conditions set 
forth in the union contract, to wit: "(a) Wherein an 
al ternate or added operation is involveu o (b) On jobs 
running on a type or kind of machine other than the one 
designated on the Analysis Sheet. (c) Where the scarcity 
of material req~i~es use of materials causing more diffi-
cult machining, ~.thvugh the balance of the specifications 
may remain the same. (d) Where the amount of material to 
be removed is excessive, thereby varying from the regular 
r equirements. (e) Where the proper to') ~. !ng is not availa-
ble on a machine and a permanent standard oannot be set. 
(f) To cover ~irst run conditions when new products are 
int~oduced requir~ng temporary tooling, speeds, feeds, set
ups, etc. (g) Whore schedules necessitate the running of 
any job, which b~~ ause of preceding conditions or Engineer-
ing Specifications or Standard Practices, are not in accord
ance with the An~lysis Sheet. (h) When repair operations and 
special operations are all of a temporary nature and conse
quently apply only for the condition existing for a specific 
period of time. (i) tOne lot only' rates e " All other rates 
must be permanent and since they are subject to only cursory 
review and must be shown to the operator immediately, the 
time study engineer has the final authority. It should be 
POinted out in connection with this that the time study en
gineers are almost all former operators so that they have 
more or less experience with Scintillats system of rate 
setting before they begin to do it as time study engineers. 
One of the things which has impressed the author is the vast 
store of knowledge of the jobs under study which is possessed 
by the ttme study engineers. Permanent rates may be re
stUdied only for changes or upon the demand of the operator, 
according to the union oontract. The changes may be in "tools, 
eqrUipment, methods, materials or design which justify revision 
o the Standard. Only those elements of the job affected by 
the change shall be al tered. " 
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The Scintilla Division has been conducting time 
studies for a good many years. In that time voluminous 
files of data have been compiled. These data are used 
for determining temporary standards in many departments 
and for determtning most permanent standards in several 
departments. It is the opinion of the author that these 
data are an invaluable asset which is not being used to 
the maximum extent due to the terms of the union contract 
which states, "Time studies will be made by the Management 
for the pu~pose of establishing rate-of-production stand
ards." Tr..is clause is interpreted to preclude the use of 
standard c~ta for determining permanent incentive stand
ards. If this clause were eliminated it is possible that 
standards in many departments could be determined more 
economically, and possibly more accur·ately than through 
the present system of time study. The use of standard 
data whereever possible might result in more complete 
coverage than the present system, The advantage resulting 
from increased coverage might persuade the union to accept 
the change. Performing a job which has no rate established 
deprives the worker of the incentive opportunity, and there
fore it is to the worker's advantage to have as many jobs 
as possible rated. 

Furthermore, the use of standard data could and 
should be applied to developing standards of performance 
in areas whiuh are not presently covered by incentive 
standards and therefore have no standards. Such fUnctions 
as inspection, set-up, tool making, and material handling 
occupy the time of a large number of employees and incur 
large increments of the total costs of products which are 
difficult to estimate because no standards of performance 
exist in these areas. 

11.6.5 Evaluation of Present Organization. Production 
Standards and Estimating Depar t ment -- The present organi
zation accomplishes the primary objectives of the depart
ment but the additional functions, methods improvement, the 
detailed analysis of variances, and the co-ordination of 
these areas with other departments, appears to receive 
r elatively little attention, perhaps because similar func
tions exist as the responsibility of other departments. 

Cost Estimating -- No r ecommendations are offered 
1n r ogard to the performance of the cost estimating func
tion. The refined computations and techniques employed 
by the s ection appear t o exceed the accuracy of the con
tract r eo rds data from which the labor and materials costs 
ar e doveloped. This is particularly true in regard to 
l abor c os ts • 
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Time study -- The time study section does a good 
job of providing bas ic data for maintaining the prodl~c tion 
labor incentive system, and the accumulated time study 
records are an excellent source of historical labor cost 
data. The usefulness of the study for any purpose other 
than a fast estimate of wage payment is questioned for the 
following reasons: 

1. Work methods are not standardized. 

2. Many studies are taken shortly after work 
stal'ts on tm operation and before the 
operator has become efficient. 

3. The time study value is equated by an 
unstarldardized effort rating to give a 
wage level. 

Such time study values are of limited use for 
planning, scheduling, or for actual-standard comparisons 
to insure that the full measure of lau(,!' purchased is 
rendered and effectively utilized. 

11.6.6 ProEo~ed In.~stria1 Enginee~ing Section. 

11.6.61 Functions and Objectives. The Industrial Engineer
ing Section-is a staff service section within the Planning 
Department 0 The primary objeotives of the section are to 
establish methods for controlling production costs and to 
develop programs for reducing those costs. The principal 
areas of responsibility are (1) Methods Engineering, (2) 
Production Standards, (3) Layoat Engineering, {4} Standardi
zatIon, and (S) Cost Reduotion. 

11.6.62 Methods En~eerin~. In the course of the investi
gation of methods analysIs he opinion was expressed by the 
Production Standards and Estimating Manager that to say that 
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ninety-five percent of all operations at Scintilla could be 
improved would be a conservative statement. This is not to 
say that this number could be economically improved. But 
surely, if ninety-five percent could be improved in some way 
then there must be a large number which could be improved 
sufficiently to warrant the expense involved in effecting 
the improvement. In an effort to find an operation which 
might serve as an example of this point, a visit was made 
to the plant floor in the company of an experienced time 
study engineer. After a cursory survey of several opera
tions which were too complex to serve as a simple example, 
an assembly bench was reached. The first operator on that 
bench bench was engaged in assembly operation number 251 on 
part number 10-076372. This operation, as it was being per
formed, consisted of picking up a bracket and holding it with 
the lett I hand l!h:'~.e the right hand picked up and placed on 
the bracket two s~~aps, one at a time, and picked up and 
hand started t~o screws, one at a time. T.hen the right hand 
picked up a hand SC1~evl driver and made set"eral turns to 
tighten each screw sufficiently to prevent the assembly from 
coming apart in shipment. The left hand then set the finished 
piece as ide and picked up ano ther b:~'acke i; for the next piece. 
Subsequent investigation of this operation revealed the 
following facts: The purpose of the assembly is to hold an 
ignition harness i n place on an enginee After assembly the 
piece is placed in ~n envelope to be shipped to the customer 
with the harness. The customer has to disassemble it in or
der to use it to mount the harness. Counting the lot which 
we observed, seventeen contracts for a total of four thousand 
four hundred and seventy-two pieces had been processed since 
February 1955. There was no piece rate set on the operation; 
it was otten assigned as a fill-in operation by the group 
leader, to be done when the work load was slack. The per 
piece actual labor cost for the operation had varied from a 
low of $O.02~0 to a high of $0.1165. There is a fixture 
available to hold the bracket while the straps and screws 
are being assembled to it two at a time. This bracket, 
Which costs $39.45 to make, was not in use at the time of 
the observation. 

The immediately obvious improvement was to eliminate 
the operation altogether by dropping the unassembled parts 
1n the envelope to send to the customer. The time study en
gineer who was our guide expressed the opinion that the cus
tomer might specify that the parts must be assembled and 
gave several examples of reasons that might be sufficient 
eaases for the customer to so specify. He could not say, 
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however, if anyone along the line of preparation for the 
manufacture ot this assembly might consider it his responsi
bility to contact the salesman and ask if this assembling 
is really neoessary. Conceeding that the operation is re
quired by the customer, improvements are still possible. 
Someone had already taken a step in that direction. The 
fact that the fixture which was designed to improve the 
job was not in use can only be explained by theorizing. A 
likely theory might be that the operator, knowing that 
there was no piece rate on the job, didn't bother to look 
up the correct method (the manutacturing layout was not in 
evidence at the work station) and the group leader and fore
man were too busy with administrative detail elsewhere to be 
supervis ing the ope."ator properly. Anyhow, this overs ight 
could not be preven'~ed by methods engineering of this par
ticular product (though a scrutiny by methods engineers of 
the method of c:.r.m:u.nicating the necessary information to 
the operator mi ght be in order). Even if the fixture had 
been in use, the tim~ study engineer estimated that an ad
ditional saving of 0.1 minutes per piece would result from 
a proposal to substitute a rachet type screw driver for 
the hand screw driver in use. One fUrt~9r refinement comes 
to mind which would probably not have affected any fUrther 
saving in this case, but which would undoubtedly represent 
a long term sa71ng o The work station involved in this ~x
ample was an assemoly bench. Many operations performed here 
require the use of a screw driver. The economy of supplying 
a power screw driver on a permanent, adjustable, overhead 
installation cer1iainly deserves some consideration, not just 
at this work station but at Bllthe numerous assembly stations 
throughout the plant. The example presented here may not be 
very spectacular, but it illustrates three very basic faults 
of Scintilla's procedures. It shows: (I) the lack of sys
tematic methods engineering; (2) inadequate supervision, and 
(3) the absence of any control or follow-up. Systematic 
methods engineering would have conducted the ab'.e analysis, 
and provided the optimum process and -method; adequate super
Vision would have required the use of the method indicated 
by the manufaoturing layout, and follow-up checks or controls 
Would have noted the relatively large and apparently unjusti
fied fluctuation in labor cost and provided a warning to take 
appropriate aotion. 

There appears to be an adequate number of techni
cally trained and experienced men for methods work in the 
Sc1ntilla organization but their efforts and abilities are 
not always obvious in the manufacturing department at the 
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operator level. When a manufacturing layout is drawn up for 
an operation the entire work sequence must be carefully 
thought out and it requires a good man to do the job. Un
fortunately, only the skeleton of this work effort is usually 
written into the layout. The "what" to do is spelled out 
but not the "how". It is recommended that the present manu
facturing layout be modified to include a standard operations 
instruction sheet for each operation. This instruction sheet 
should include a standard work place layout when appropriate 
and a description of the standard method. 

When a product is set up on the floor for the first 
time, it is likely that the methods engineer will be on hand 
to insure that the l ayout is followed B.:ld that the sequence 
of operations is Ba ~ isfactory. On later production runs a 
new operator, in p9~haps a different section than where the 
original produ;~ 1: ='. 7 ~l rt:n was made, will do the work and his 
only instruction may be the abbreviated layout. In the ab
sence of detail6d i n3t ructions, the respons ibility for the 
correct method ls left to the individual operator or to his 
immediate superlor. It may be seen that although a trained 
methods engineer developed the metnod, the benefit of his 
work may be partially lost. 

When production orders are enlarged or repeat 
production runs ~re required, no sys tem exists for a review 
and improvemell"; of' the method commll:'lsurate with the size of 
the order. If pr'odu.0 tion is drastioally increased however, 
or if the method in use results in a considerable variance 
from the cost estimate standard, the method will come to the 
attention of management. 

The time study engineer may consider possible im
provements of the method as he takes the required time study. 
It appears from a brief discussion with three time study men 
that they feel that they should not take time to make a methods 
study in cases where the need for improvement is not too ob
vious and the solution apparent. They also expressed the 
sentiment that by the time they could effect a methods change 
the job would probably be completed. 

It is recommended that the responsibility for method 
development, method standardization, and methods improvement 
be charged to the ohief industrial engineer. The divided re
Sponsibility that exists at present in this area appears to 
leave essential parts of the function undone. In particular, 
a program for reviewing and revising established methods is 
lacking. 



XI-I04 

11.6.63 Standardization. Aocording to the standard' 
definition, standardization is a management sponsored 
program to establish criteria or policies that will 
promote uniform practices and conditions within the com
pany and permit their control through comparisons. It 
deals with such areas as work quality and quantity, 
working oonditions, wage rates, and production methods. 

At Scintilla standardization is not a planned 
program apparently because of a feeling that it is not 
too important in job shop production. A certain degree 
of standal'dization is achieved when all jobs of a certain 
type are routed to the same individual in the methods de
partment, to the same time study man for a time study, 
and to the same section on the production floor. The 
method is usually adapted from the record of the last 
similar job and the cost estimate which becomes the cost 
standard for the job is also based on previous records. 
These records tend to standardize production procedures, 
but an organized program in this direction is necessary. 
The classification system proposed in Chapter VIII of 
this report is a step in the direction of standardized 
products. 

ll.6~64 I,a~rU~ En~ineering. In the present organization 
of the Sc~nt ria lDivision the function of plant layout 
engineering is the responsibility of the plant engineer 
and its accomplishment is discussed elsewhere in this re
port. It is believed, however, that much could be gained 
by placing more emphasis on this fUnction. The need for 
increased emphasis is aptly expressed by Mr. Richard Muther, 
a National Director of the Society for the Advancement of 
Management, "In todayJs competitive business we are looking 
for every avenue of cost saving. It is indeed regretable 
when we fail to get adequate built-in economies at the 
time we plan and install our layouts, for cost reduction 
some of the best cost reduction - comes from adequate plan
nin~ of the original 19y out. II (26) I t appears to the 
aut or that this emphasis may be lacking in the present 
Scintilla organization . When this study was commenced 
ground had just been broken for a new addition to the plant. 
During the course of the study widely divergent views con
cerning the use of this addition were expressed to various 
members of the study group by various member~ of the 
Scintilla staff ronny of whom could be expected to have a 
vital intorest in the planning of the addition. The im
plication of this apparent confusion t o the author is that 
the planning and engineering of the original layout of 
this addition was not as thor ough as it might have been. 
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In view of the fact that layout engineering and the 
process analysis aspect of methods engineering are so irrevo
cably interdependent, it is recommended that the chief in
dustrial engineer be charged with the responsibility for 
plant layout engineering. 

11.6.65 Cost Reduotion. Directly related to allthe other 
functions of industrial engineering is the vital function of 
cost reductiono The present cost reduction program at 
Scintilla D1~Tision is similar to the present methods analysis 
program -- m 1y people feel that they share the responsibility 
for it, but no one directs it or promotes it to any extent. 
The result is that everyone is too busy with his primary re
sponsibility and there is a tendency to "Let George do it". 
About two years ago a cost reduction training program was 
conducted for some four hundred technical and supervisory 
personnel. As a part of the course, each trainee was re
quired to complete a cost reduction proposal. Shortly after 
the completion of this course, interest in cost reduction as 
an organized program began to lag. It a~pears that the pro
gram is functioning f~ below its poten~ ~al because it lacks 
direction, control, and day-to-day implementation. 

It is rec ommended that the responsibility for the 
direction and co-,oJ'dj nation of the cos t reduction program be 
charged to the chie f industrial engineer. The technically 
trained men in all staff departments should be enlisted in 
the program and encouraged to make recommendations relating 
t o their immediate responsibilities, to improving techniques 
and training, increasing productivity, eliminating unprofitable 
and expensive projects, and changing overall policies. It is 
further recommended that a refresher course be instituted and 
that following the f ormal course a vigorous promotion cam
pai gn be waged in oonjunction with the promotion campaign 
r ecommended for methods analysis (see Section 11.6.67). 

It might be well to include in this continuing 
program some means f or discussion or exchange of cost con
trol ideas among the men who should be in the best poslt1Gn 
t o r ecommend changos __ the foremen. This might be accom
plished by a device suoh as monthly conferences similar to 
the management conferences described in reference (28). 
Conference leaders for a program of this nature could be 
selected from the personnel in tho industrial engineering 
section and trained with material on oonference leadership 
already available in the training seotion of the industrial 
relations department. 
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It should be emphasized that cost reduction is not 
the same as cost control. Cost control is concerned with 
maintaining costs in accordance with established standards 
while cost reduction programs are aimed at pushing costs 
downward. The cost control program should have periodic 
progress reports and long and short range goals as part of 
a comprehensive plan. 
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11.6.66 Production Standards In reviewing the very limited 
look at the Scintilla Division system of determination 
of production standards there is one thing which stands 
out in the mind of the author - the absolute dependance 
on the judgment of the time study engineer. The author 
has already expressed the opinion that these individuals 
possess a vast knowledge of the work they are seeking to 
measure, nevertheless, it all boils down to the fact that 
this is not an objective measurement of production, but 
rather a rate setting procedure based on the judgment of 
the time study ongineor. One might even go so far as to 
say that rates are dotermined from the standard data 
filed in each timo study engineer's heado It may well 
be argued that this is true to some oxtent of any time 
study which employs performance rating. When all is 
said and dono, th~ objective of any time study should 
be to determine a production standard such that it de
fine s a fe.ir nme·-.lnt of time to be allotted to the em
ployee to perfoy~ a fair ~ount of no~k for the company. 
When such a standard is appliod to piece rates, it re
sults in a fo1r day's pay. Standards set by pure guoss 
work would be satisfactory, if they a~complish this ob
jective. It is true that there are a number of uses 
for production standards besides tho determination of pay. 
These uses nre all dependent upon the standards being 
such that orker p'JI'formance can be consistently pre
dicted in terms of the standards. It follows from this 
that whore production standards are used as they are at 
Scintilla to predict a fair day's work for a fair day's 
pay a simple way to evaluate these production standards 
is in terms of the pay and the work performed. 

According to the contract between the Scintilla 
DiVision and Sidnoy Lodge number 1529, International 
Associatien of achinists , the standards are required te 
include a minimum allowance of ten per cent for persenal 
reqUirements, normal jeb fatigue time, and special al
lowances. The fair day's work is therefore, defined as 
a maximum of ninety per cent productive effort . Tho con
tract further states that the standard must include a 
factor of twenty per cont which represents the incentive 
opportunity allowance. This dofines the fair day's pay 
as the base-rate for the grade plus twenty per cent. In 
other words, an average nan werking at a normal pace for 
ninety par cont of the tinlO should earn one hundrod and 
twenty por cent of his base rate. Column fivo of chart 
11.6-1 shows that the werkers actually average 132.2 per 
cent of the bo.so pay for the period they aro working on 
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incentive . The figures in columns one and two of Chart 
11.6-1 are actual averages computed by the pay roll section 
for all incentive workers during the middle week of each 
month of 1956. Although these are not strictly random samples, 
they are probably close of the actual average levels for the 
months concerned. According to experts in the field of time 
study the production of a random group of workers will tend 
to be in a normal pattern. If these workers are paid on an 
incentive pay system, the distribution of pay should also 
tend to be a normal curve. Since there is nothing to in
dicate that the workers at Scintilla Division are not a nor
mal group, t~ls assumption will be made for the purposes of 
this analysis . (The selection of personnel employed has the 
effect of eliminating most of the group of workers who would 
be sub standard, and selection would therefore raise the 
average of the gI'oUp selected slightly, but this effect is 
relatively ins5.g:::.1~!cant for the purposes of this analysis e) 
According to P~esgrave (27, Pg. 127) the range of distribu
tion of production of l'lorkers on incentive is such that the 
most skilled worker produces about two and one quarter times 
as much as the least skilled worker. From Presgrave1s 
curves one can deduce that where the avel'age worker produces 
132.2 percent of the standard sixteen percent of the workers 
in the group will produce in excess of 149 percent of the 
standard, two percent of the workers will produce in excess 
of 165 pernent of the standard, and two percent of the 
workers will produce less than 99 percent of the standard. 
At SCintilla, however, this is not the case. A report is 
produced showing the names of individuals who produce in 
excess of 150 percent of the standard on any particular job. 
This report consistently shows the names of from two tenths 
to four tenths of one pe~cent of the incentive employees. 
One wonders immediately why this is so. The answer lies in 
the use to which the report is put. The philosophy of the 
management is that any man who exceeds 150% of the standard 
has either improved the method (~ich automatically makes it 
eligible for retim1ng) or has created an unauthorizdd short
cut. The author is willing to conceed that this philosophy 
might be the case if the group's average production were 
at the level of l20~, but it appears unrealistic with the 
group average as high as it is. Make up time is paid on 
approximately one percent of the inoentive hours. Although 
a part of this is undoubtedly attributable to trainees, 
it indicates that in spite of selection of employees 
there are a few who produce less than one hundred 
Peroent of standard which is in agreement with the 
normal distribution show~ by Presgrave. The situation 



Chart 11.6-1 
AVERAGE INCENTIVE EARNINGS PER HOUR IN 1956 

Average Average Less General % Payoff Adjusted 
Base Pay Earned Pay Wage Increase ~ % Payoff 

$/hr. f!hr. Note 1 01 1 Note 2 

1.494 1 0 885 1.825 122.2 130 0 2 

1.503 1.863 1.803 120.0 127.2 

1.510 1.902 1.842 122.0 129.8 

10509 1.928 1.868 123.8 132.3 

1.510 1 .925 1.865 12305 131.9 

1.513 1.924 1.864 123.2 131.5 

1.511 1.936 1.876 124.2 133.1 

10504 1.913 1.853 123.2 131 0 8 

10508 10969 10909 126.6 136.4 

1.501 2.001 1.881 125.3 134.6 

1.502 1.971 1.851 123.2 131.8 

1.511 2.021 10901 125.8 135.3 

Average 132.2 

1 ~ The general wage increase is paid per hour worked rather than 
earned and must be removed from the figures in column 2 in 

r t o show an accurate comparison of columns 1 and 2. This amount 
.06/hr. from Jan. to Sep • and .12/hr. for Oct. to Deco 

2: The percent payoff shown in column 5 is the rate payoff for in
ive time after the straight time, which is paid for at base rate, is 

ed from the total time. This is the true payoff percent for the 
i ve jobs performed. The relationship between straight time and 

tive time is shown 1n Char 11.6-2. 

Chart 11.6-2 
UTILIZATION OF INCENTIVE EMPLOYEE'S TOTAL HOURS IN 1956 

Total Hours PAID FOR AT DAY RATES Total 
Incen 1 e TTA Setup Other Day Rate 

H%S.1,305,648.11 47,555.02 130,425.35 166,750.81 344,731.18 
100 .00 3.64 9.99 12.77 26.40 

H%S.1,328,103 .92 47,882.60 134,729.32 175,409.74 358,021.66 
100.00 3.61 10.14 13.21 26.96 
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at Scintilla appoars to be such that tho lowor hal~ of 
tho production workers opornte in an cpproximately nor
mal manner, but tho upper half produce at ~ rate which 
drops o~f procipitously as it approaches 150 per cent 
of standard. In othor words, the abovo average workers 
havo a marked tendency to restrict production. This 
leads to tho conclusion that tho company doos not r~ 
caivo a fair day's work in return for a fair day's pay. 
This does not deny that the company 0nly pays for tho -
number of pieces which are made. But the fact rema4ns, 
that if the curvo at Scintilla were actually normal, 
or nearly so, the abovo average workers would work at 
a rato sufficient to componsate for tho below averago 
mrkers with the result that the average of the whole 
group would m~ve evon higher. This, of course, would 
result in a mere econemic use of facilities. 

Two things should be noted at this point. 
First , the terus normal and average should not be con
fused. The author believes that in the absence of 
evidence to the contrary the employees at Scintilla 
should be classed as normal and therefore, their pro
duction pattern should tend to fit c normal curve. At 
the same time the group may be above average for this 
type of employoeoo Several times the author has bean 
told that management personnel fe cI that Scintilla em
ployees are above average end thnt this accounts for 
tho fact that the group producos at the rate of 132.2 
por cent of the standard rather than at the defined 
average of 120 per cont of the standard. The author 
finds no quarrol with this point of view, nor does 
tho author argue with the concept that a fair day's 
pay may be in fact an average of 13202 per cont of 
base rato. This mny well be true if a fair day's work 
is given in return, but the above discussion implies 
that the lattor condition is net the case. 

Are there any facts to support this conten
tion? Tho roador's attontion is invited to section 
11.8.22 of this roport wherein is doscribed the results 
of two day's random sampling throughout the plnnt~ 
This samplo is admittodly not absolutoly random and 
there may woll bo somo small inaccuracies in its re
sults. But tho results are so striking that they are 
nt least worthy of a fair evaluation and further study 
nleng this line. Tho results show that tho average 
employee throughout the plant was engaged in activity 
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which should be classed as belonging in the ten percent 
personal allowance, fatigue time, and special allowances 
to the extent of 0 of his time. This does not appear 
to e a fair day s wor. t could well be that a large 
part of this excess personal time is taken by employees 
who are earning in excess of 150% of standard while they 
are working, and who have no desire to be included on the 
weekly report of personnel earning in excess of 150%. 
The operators are well aware that management will either 
suspect them of unethical practices or seek to adjust the 
standard fer every job which appears on this report. If 
I put myself in theyosition of an operator producing at 
the rate of about 155% of standard, I rather imagine that 
I would prefer to take home a bit less money in order to 
avoid having suspicion fallon me or to reduce the possi
bility that the standard might be scrutinized with the 
r esult that I could then earn only about 120 to 130% of 
standard with the same effort. 

The author suggests that if Scintilla would 
like to test the contention of this sec t ion more 
thoroughly this could easily be done. A more elaborate 
sampling exper:f.L1ent could be done to test the study men
tioned above. In addition, the pattern of production 
output could bo deter~ned by plotting a curve of a 
randomly s elec~ec. sample of jobs sho .... ,ing the percent 
of base rate earned on incentive as the ordinate and 
the number of employees earning that percent as the 
abcissa. If this were done, it is felt that instead 
of the usual normal curve a skewed curve would result 
with a relatively normal tail on the low side, a mean 
of about 132 percent, a mode of about 138 percent, and 
a sharp decline to nearly zero by 150 percent. 

It is the bslief of the author that the re
port of earnings in excess of 150 percent is doing 
untold damage to the production level at Scintilla. 
It stifles any inclination on the part of the worker 
t o improve his methods and it results in a lacka
daiSical attitude on the part of the above average 
worker which may even affect the whole organization. 
This attitude, plus the almost complete absence of 
effective operation analysis results in a total lack 
Of interest in cost reduction through methods improve
ments. What is needed is a system of incentive for 
improvement on the plant flo or. It is the opinion of 
the author that this can be acc omplished through the 
USe of measured day work with" bonuses paid for bona 
f1de methods improvoments originating with the 
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operators. It is recognized that many difficulties would 
be encountered in such a system, however, it is felt that 
the results would be worth the effort. The most important 
problems to be faced would be the negotiation of a different 
contract with the union, the freeing of first line supervisory 
personnel from their present excessive administrative burden 
in order that they can be effective foremen, and the adoption 
on the part of everyone from top management down of a genuine 
desire to seek out and effect improvements. Many suggestions 
appear elsewhere in this report concerning the administra
tive burden of the foremen. The desire for improvement might 
be fostered by gua~anteeing a percentage of the first year's 
savings resulting from any improvement. This might result 
in some rather large bonus payments. It should be borne in 
mind, however, that the bonus is only a percentage of the 
savings and therefore, the larger the bonus, the larger the 
saving involved, V~ewed in this light, no incentive bonus 
could be too large. 

All of the above discussion of standards has been 
directed toward the present system of production standards 
which apply only to the direct labor at ~ctntilla Division. 
It should be noted that direct labor represents only about 
fifteen percent of the total cost of the products of Scintilla 
and only abou~ forty-two percent of the employees. The other 
fifty-eight percent of the personnel are by and large uncon
trolled in the sonse that they have no standard of performance 
against which to be compared. This group includes the per
sonnel of the Quality Control Department, the Tool Makers, 
the Engineering Depa~tment, and the myriad of other cle~ical, 
technical, professional, and sub-professional personnel. It 
1s not the contention of this author that standards could be 
determined for all of these personnel economically. It is 
contended, however, that where standards could be determined 
readily they would be of great value in several ways. Ac
curacy of estimate~ of both cost and time would be improved. 
Studies of the economic advantage of possible alternative 
courses of nction would be facilitated. The studies and 
analyses necessary to determine these standards would un

doubtedly show areas where technical and professional por
sonnel are performing more or less routine clerical functions 
Which waste their valuable talent and time. The reduction 
of this type of work would not only increase efficiency, but 
would probably increase the morale of the technical and 
prOfessional personnel. 
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"Ye s, but " we have been teld," such studies 
as this cost money.~ This is a cliche with which I 
ceuld not disagree. But the American Bosch Corporation 
points our (II) that a saving of ono dollar in costs is 
equivalont in their organization to the profit effectod 
through an increase in sales of twenty dollars. Hew 
much does Scintilla spend annually to increaso sales? 
Who can prove that return on this expenditure is twenty 
fold the return on the expenditure for such studies as 
the ones proposod? Examples of the kind of studios which 
can be conducted with a minimum of cost and without dis
ruption of routine functions and which could be expected 
to bear considerable fruit are found in Chapter VIII of 
this report and in referonces 24 and 25 in tho biblio
graphy of this chaptoro The article in Factory Manage
ment and Mainto~unce magazine is particularly commended 
for study as it represents ene of the mest easily un
derstood and at tho same tiee one of the most useful 
articles the author bas yet seen en the subject of work 
samplingl or ratio delay. 
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11.6.67 Training Program. It should be pointed out that an 
industrial engIneerIng section cannot effectively perform 
these functions unless it has the cooperation of all with 
whom it comes in contact. If top management is not willing 
to give a new idea a fair try, if middle management is not 
willing to give the new born method a fraternal push in the 
right direction with helpful suggestions and constructive 
criticism, if operators and foremen are not wIlling to ex-
pend a little conscientious effort to accomplish the job the 
new way, then this proposed industrial engineering section 
will die aborning, and the money, time, and effort required 
for its es te.blis h.ment would be bes t left unspent. I t would 
be dangerous to asswne that this cooperation will flow easily 
once a block is dralin on the organi~ation chart and the de
scription is entered in the organi~ation manual. Human beings 
natuI'ally fea!' and di strust something they do not understand. 
It should therofo r.'3 be the first order of bus~.ness for this 
new section to a(, ~ ..la'.nt e'/eryone, !'rom top management down, 
with the objec t ~\es of industria l engineering and with its 
tools and techni~ues. Such an introduction could be both a 
promotion and a training program whi ch, i f properly presented, 
would allow both reethods analysis and c ~st reduction principles 
a chance to gain acceptance on their own merits o Simultaneous 
with the training ~rogram there should be a plant-wide promo
tion of methods el~~ysis and cost reduction with appropriate 
posters, a regulf.l fe ature column 1n The Scintillator, and, 
as soon as po~~iul ~9 publ c recogni t ion of successful improve
ment ideas propo~e j by personnel outside the industrial en
gineering section. Above all, there should be from the very 
outset a polioy statement by the general manager guaranteeing 
that workers whose jobs are affeoted by methods improvements 
will be transferred to other jobs with at least equal pay and 
that individuals who effect cost reductions will share in the 
saVings. Thereafter, this policy must be scrupulously adhered 
to. Any reduction in force possible through improved methods 
should be made by normal attrition. Commencing this program 
with anything less than a sinoerely enthusiastic attitude at 
the top will oertainly hamper its effectiveness. 

11.6.7 Summary of Recommondations. It is recommended that: 

1. That an industrial engineering section be established and 
assigned responsibility for: 

1. Methods development and improvement. 
2. Developing and installing economic and 

ccurate produotion standards. 
3. Plant layout engineering. 
4. An organized program of standardization. 
S. Org niziog and guiding a cost reduction 

program. 



XI-114 

2. That a comprehensi~e study be made of the effect of the 
present incentive wage plan on production and productive 
capacity. This study should analyze and compare the present 
incentive system with the possible advantages of a measured 
day work system including an incentive bonus for acceptable 
cost reduction recommendations. 

3. That a cost reduction refresher training course be in
stituted, As a part of the program the principles of work 
simpl ification , production standards, and work measurement 
should be taught. 

4. That the general manager issue a statement of policy to 
the effect that no e~ployee will suffer a loss of wages as 
the result of the methods improvement and cost reduction 
program. 

S. That emphasis be placed on studying the cost of operations 
by thorough method analysis rather than on the cost of the 
product , since the product costs are me!'ely combinations of 
various operations costs, and cost control is best effected 
at the source of the cost. 

6. That the use of economic break-even studies for new tool 
costs and for other capital expenditures be expanded . The 
preparation of such a study nd the reduction of the various 
f actors to specific values can be used to illustrate the cost 
of not taking certain actions as well as indicating the 
economic advantages of expenditures . 

7. That production standards coverage be extended to as many 
areas of indirect labor as economically feasible including 
quality control , engineering, traffiC, plant engineering and 
clerical jobs. 

8. That consideration be given to the possible application 
of work sampling as an aid in setting production standards, 
particularly in the indirect labor areas. 

9. That the manufacturing layout be expanded to include a 
standard operation instruction sheet f or each operation showing 
a standard work place layout if appropriate and the standard 
methOd . 

10. That the weekly report of personnel earnings in excess of 
lSO% on any job be discontinued. Economically, it appears to 
the advantage of the Scintilla Division to encourage the highest 
production rate possible. 
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11 . 7 Direction . The function of applying authority in the 
initiation , delegation, supervision, and correction of 
activity . 

11. 7 . 1 Genera 1 

11.7 . 1 . 1 Res onsibilities and Job Performance of Su ervisor 
Personne . he e rarchy of manufactur ng manage 

ment and supervision at Scintilla is from the Factory Manager 
at the top, to Asst . Factory Manager, to Manufacturing Super
intendents, to Department Supervisors, to Foremen, to Group 
Leaders . As used herein, "supervisors" is intended to 
include this entire range of supervisory levels unless other
wise indicated. Basically, the supervisory personnel have 
four goals (standards) that determine the direction of their 
activity : 

1 . Design standards, established by Engineering , 
with performance appraised by Quality Control . 

2 . Schedule Standards, established by Production 
Planning and Sales , with performance appraised 
by Production Control expediters and inventory 
procedures. (Inherent in the schedule standards 
ere work standards established by the me t hods 
depar~ment and measured by the time study 
depar~ment but that are not used by Production 
Planning in developing schedules . ) 

3 . Quantity Standards. Same as 2 above . 

4. Cost Standards, established by Cost Accounting, 
with performance appraised by Cost Accounting . 

In general, this correlates with the stated respon
sibilities, given by the various supervisory and management 
personnel in interview, which can be summarized as: "- - To 
organize and plan production in such a manner as to meet the 
billing schedulej t produce quality parts; to satisfy 
customers at lowest possible cost while making deliveries 
on timej to maintain good employee relations and abide by the 
union contract ; to help provide new and better tooling on r.ew 
parts and established parts for lowest manufacturing cost . 
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The first point to be considered is the excellence 
of the job responsibility elements held by supervisors. 
Certainly they are inclusive, and reflect the co~pany's 
objectives through all levels of supervision. However, proper 
evaluation of these performance responsibilities seems to be 
elusive. For instance, costs are generated by and charged to 
products and cost centers in both actual and standard amounts 
at Scintilla. Supervisors have authority fo~ incurring these 
costs, and in this connection are responsible for all employees 
working under their direction. Costs for effective control 
purposes, however, must be identifiable with people and account
able for by areas of responsibility. Yet in neither product 
costing nor p~esent cost center allocation are costs firmly 
fixed to positions of supervision below the factory manager. 
It is recommended that cost centers be re-evaluated toward the 
end of departmental centers, particularly since with job-lot 
operation any palticular product may transgress many depart
ments, making supervisory cost control a function of arbitrary 
inference. 

A further case in point is eva luation of billing 
performance. Since only the first d e~artment on a contract 
is scheduled for starting date, and only the last departments 
are in a position to be closely affected by the schedule 
comple tion date, the intermediate departments are seldom 
evaluated in this r e spect. They ha ve no starting or completion 
dates assigned to be used as standards against which performance 
can be evaluated. 

Even quality control, an extremely tight evaluation 
at Scintilla, appears such that at times neither the means 
nor the remedy are available for assignment of responsibility 
a t the point of "caus e." 

Thus supervisory performance cannot be said to be 
closely controlled, or in most cases even in a position to 
be objectively measured. Adoption of departmental cost centers, 
along with detailed scheduling and a crib-inspection-dispatch 
system as elsewh re recommended would aid considerably in this 
respe ct. 

It must be remem'Jered that supervis ion, as such, 
does not "do." It is a function of seeing that persons under 
Supervisory direction "dO" a job in conformance with the 
established s andards, Supervisory performance is a reflection 
of how well they get the people under them to so conform, 
particularly since in the last ana lysis all control must be 
eXerted by the work rs themselves. They are the only ones 
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who can actually control quality and the time to do the work . 
From this it would then appear that optimum supervision is 
obtained with optimum actual worker direction. A last con
sideration then might be a reflection on whether the lower 
supervisory levels have too broad a responsibility. How 
much planning and organizing and administrative control should 
they be required to do and still have sufficient time for 
proper emphasis on quality and quantity which are functions 
of personnel contact , training, correction, leadership, 
discipline , motivation , etc . ? 

This study group would like to point to the Plant 
Performance s~ction (11 . 8 .2) as reflecting supervisory perform
ance in this respect, since man and machine utilization, labor 
performance, and time performance are primarily the results 
of how the supervisors have managed the men and machines under 
their directior,. 

It has been said tha t "good standards are an aid to 
good performance--poor standards are a guarantee of poor 
performance . 1I ith respect to this sta-:ement, this report 
indicates that time (work) standards are too loose (see section 
11.8) and that time (schedule) standards are not specific . 
Further, standards as used at Scintilla are primarily histor
ical, burying ithin themselves an accumulation of the 
inefficiencies of p~st performance And as already discussed, 
the standards are not used as specific guide lines of activity 
in many cases, such as standards that do not reflect "people 
accountab ili ty, tI i . e. product cost centers vice departmental 
supervisory centers, and master billing schedules vice depart
mental detail schedules . In effect the lower supervisory 
levels do not have definite firm standards to work from and 
the standards reflect what performance ~, not what it could 
be, in both cases design standards excepted. 

11 . 7.2 Personnel . Personnel administration and procedures 
are covered prfinarily under the chapter on Industrial Relations . 
Supervisory personnel are bound by the union contract and in 
this respect have no real control over worker motivation and 
performance on the basis of promotion or pay, since in-grade 
promotions and pay increases are granted automatically on a 
time basis if the workers keep their noses clean . There is 
a formal procedure laid down for merit rating but it is not 
Used because most direct labor increases are of the automatic 
vari ty . When a man is to be selected for group leader or 
foreman a conference technique is utilized by the higher levels 
of supervision and management . 
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11.7.3 Procedures. Supervisory personnel do most of the 
routine day to day planning required in the manufacturing 
department, obtaining their basic data from the Contract 
Status Report, Monthly Assembly Schedules, Total Requirements 
Sheets, Delinquent Sheets, etc. From these specific daily 
work requirements are determined and assignments made, 
adjusted as necessary by any expediting action. Action is 
planned and coordinated primarily by the "eyeball" technique, 
that is, from experience, where the supervisors can look at 
the overall picture, determine problem areas, and take neces
sary action, assuming the non-problem areas will take care of 
themselves. Thus if a supervisor determines from a cursory 
examination of the monthly requirements that his department 
is overloaded, or should be on the basis of past performance, 
he may request rescheduling or subcontracting. In some cases 
he may informally coordinate his work with idle capacity in 
another depar "Gmer:.t. The supervisors also determine their 
manpower requil'ements and request additional men as necessary. 
On the top level the Factory Manager has a thumb rule wherein 
he knows the per-cent of direct labor applied to any product 
price. By taking a monthly billing, he then multiplies by this 
percentage to get total direct labor dJllars required, and 
dividing by the average operator earnings he knows approximately 
how many direct labor operators are required for any product. 
This thumb rule works well in practice, but what it does, as 
discussed above i n relation to historical standards, is project 
past performance into the future. If in the past the work 
standards for a product were loose and too many workers were 
therefore utilized, then this number of workers becomes 
standard and in the future work will be "spread out" over an 
equal rate of excess numbers. 

The "on-coming" workload from preceding departments 
is planning data any supervisor needs to know. He determines 
this load from an analysis of outstanding contracts, '~ooking 
around;' and in general estimating from practical experience 
when a particular load will reach him after introduction into 
the system. When any particular operation becomes overloaded 
the responsible supervisor takes extra pains to schedule and 
coordinate that operation, going in most cases to actual 
machine loading procedures to obtain maximum utilization and 
output. This is presently the case in die-casting, plating, 
and other maximum capacity operations. 

Some of the administrative devices used by super
Visory personnel, as aids and guidance in their activity, for 
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information, direction, reporting, control, and performance 
evaluation in addition to the basic planning documents pre
viously listed are: 

1 . Layout 
2 . Rate Sheets 
3. Production Contract Route Sheets 
4. Design Specifications 
5. Directive Memos 
6 . Weekly Scrap Report 
7. Tool Repair Order 
8. Daily Report of Production 
9 . Sunnnary of "X" Contra cts 

10 . Cost Analysis Sheets 
11. Regulations Manual 
12. Collective Bargaining Agreement 
13. CO$t Reduction Report 
14 . Regulations Manual 
15. Fcrernan's Manual 
16 . Daily Parts Shortage 
17 . Daily Inspection Report 
18 . Set-up Report 
19. Industrial Relations Handbook 
20 . Change Request (Time Standard & Method) 
21 . Tool Request 
22. Shortage Analysis 
23 . P 3 Rs.n'J lies on Order 
24 . ~nufacturer fs Instruction Books 

In addition to these aids, a meeting is held daily by the 
Production Manager where production schedule deficiencies are 
brought to the supervisor's attention. With respect to the 
"Layout" mentioned above as an administrative aid, a consistent 
comment among supervisory personnel during interviews was 
"--the lack of coopera tion from the Layout Department regarding 
getting layouts changed when they do not do the job for which 
they were intended . Requests for changes are processed so 
Slowly that the same situation arises time after time." 

Supervisory job descriptions, etc., are also dis
Cussed under the Organization chapter of this report . 

11.7 .4 Manufacturin~ Superintendents. At thD begiruling of 
this groupts study t ~were four categories of Manufacturing 
Superintendents : A Manufacturing Machining Superintendent, 
a Manufacturin Assembly Superintendent, a Second Shift Super
intendent, and a Manufacturing Processing Superintendent, 
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actually the Assistant Factory Manager. Since the study was 
started a fifth category, the Plug-in-Connector Superintendent 
has been added. 

Assistant Factor Mana er - Process Su erintendent. As assist-
ant Factory Manager, s superv sory posi ion s the respon-
sibility for general assistance, and specific responsibility 
for supply stores, janitors, matrons, inside trucking, scrap 
disposal, and grounds maintenance. Under the revised organiza
tion it has been recommended that most of these functions be 
put under the Plant Engineer. 

As Process Superintendent, this supervisory position 
has the responsibi~ity for all manufacturing process depart
ments and activiti es: 

1. Production P~ocessles Chemist 

2. Department 9--M6chanical Engineering Process Design, 
including molds, die cast dies, plastiC dies, etc. About 
75% of the activity is related to plug-in-connectors. 

3. Department 32--0perational Process manufacturing including 
furnace brazing , steel blasting , welding, brazing, painting, 
tumbling, and pleting. One interesting process developed 
in tumbling is for P.I.C. inserts where flashing in the 
past was tril~e d by hand. They are nowhard-chilled in dry 
ice and tum~l~ d with wooden pellets. In plating, the 
Alumilite 225 process gives aluminum a surface hardness 
of 9, just under diamond hardness. The disadvantage is 
that these hard surfaces become cutting surfaces and tend 
to destroy themselves. Plating also includes gold, silver, 
nickel, chrome, cadmium, tin, copper, zinc, brass, black 
oxide, and parko-lubrite. This department has responsi
bility for its own maintenance of electrical temperature 
controls, etc. and further has jurisdiction over the 
Process Control Laboratory which controls plating thickness, 
etc. 

4. Department 36--Die Casting. At present this department is 
at maximum capacity, principally loaded by connectors. It 
is on 3 shift operation and half day Saturdays. The die 
casting facilities are very modern and have served as a 
model for several other companies. 

5. Department 37--Molding. The function here is primarily 
the molding of plastic and rubber inserts for electrical 
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connectors. The problem has been to reduce curing time 
in the molds to attain high volume production. 

6. Department 43--Ceramics. This department is devoted to 
development and manufacture of a wide variety of complex 
ceramic parts in an expanding field of high temperature 
electronic applications. An example is the use of a 
ceramic base-socket for electronic tubes requiring high 
temperatures and physical strength. 

Manufacturing Machinin~ Surerintendent. Responsibility of 
this supeI'visory posit ons primarily for machining department s, 
although some assembly is included, particularly in the case 
of "Product" departments, and also composite contracts wherein 
the products are practically hand made from raw stock to 
finished good by the lead department. 

1. Department 26--·Automa tics (Gridleys, Browne and Sharpes). 
Used for high volUlTle manufacture of precision parts, such 
as connector shells, fuel injection components, etc. 

2. Department 27--Punch Press. These are routine punch press 
operations with the exception of the recent introduction 
of the pygmy connector, the shells for which are extruded 
on the large press . 

3. 
4. 
S. 
6. 
7. 
8. 
9. 

10. 
11. 
12. 

Department 30--~teel Machining. 
Department 33--Cam and Gear Machining 
Department 28--Lathes 
Department 29--Light Metal Machining 
Department 39--Mold Machining 
Department 40--Eng. Speed Magnetos 
Department 31--Diesel Fuel Pumps 
Department 48--Plug-in-Connectors 
Department 49--Jet Spark Plugs 
Department 34--sundry 

Manufacturing Assembli Superintendent. Responsibility of this 
supervisory position ies primarily in assembly of parts, com
ponents, and sub-assemblies, although some manufacturing and 
fabrication is involved. 

l. 
2. 
3. 
4. 
5. 

Department 42--Magneto Assembly 
Department 38--Col1s and Condensers 
Department 4l--K Magnetos 
Department 44--Plastic Coils and Impregnating 
Department 47--Tubular Harnesses 
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Second Shift Manufacturing Superintendent. This supervisory 
posItIon is responsible to the Factory Manager for all second 
shift operations except those process operations falling under 
the Asst. Factory Mannager. He further is responsible for 
manufacturing operations on the third shift, excepting process 
operations. 

11.8 Operations. "Operations" is defined as the directed 
functional activities which actually "do" the planned activity. 
This section deals with how the men, machines, and materials 
are integrated to produce-the product. 

11.8.1 General. 

Manufacturing COLcept. There are many ways that a producing 
plant can be o:':'ba.nized, managed, and laid-out ranging from 
mass-production-lines to a true process layout where all sim
ilar machines are grouped into separate departments, i.e. a 
grinder department, lathe department, etc. Between these 
extremes lies a method of manufacture k~own as semi-serialized 
manufacture; serialized manuracture denotes production line 
techniques. "Indu3trial Organization and Management" by 
Bethel, et al, cGraw Hill, 1956, states "--this compromise 
provides a very advantageous arrangement devised by performing 
several operations on a single product within a department. 
Such an arrangeme~t groups together the machines used in 
sucoessive operations, possibly connecting them with conveyors 
(or transfer mechanisms). Or the manufacture may be serialized 
as far as possible except for a few operations requiring fixed, 
extremely heavy or very objectionable equipment which is then 
located centrally. The aim of any layout for semi-serialized 
manufacture is to decrease handling costs, lower the in-process 
material inventory, and obtain optimum capacity without 
seriously detracting rrom the flexibility of the machines-
thus retaining the principal advantages of both serialized and 
job-lot manufacture Semi-serialized manufacture establishes 
all possible production lines and then groups the balance of 
the machines by process. The production lines must be suf
ficiently flexible for the interrupted manufacture of a variety 
of products or types and sizes of the same basic products. 
Hence, to employ all equipment to optimum capacity, balanced 
production schedules must be maintained between sizes and 
quantities that can be manufactured at anyone time on those 
lines or in the remaining machine groupings. 11 
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Scintilla is organized along these lines as shown 
by the departmental machine allocation tabulated on Chart 
11 .2 . 1-4. This is prima facie evidence that Scintilla has 
intuitively recognized that the volume of some products (and 
certainly of components of those products) warrant separation 
into specialized departments vice conventional process layout . 
This study group feels that this V,rpe of layout most aptly 
"fi ts" Scintilla . However, we also feel tha t the advantages 
have not been fully realized. 

1 . High volume items have not been segregated from 
low volume within product categories to facili
tate production line techniques on the high 
volume items. 

2 . Material handling costs seem very high, i.e . 
2,105,000 annually estimated. 

3 . 

4. 

In-process inventory also seems high, both in 
float, in floor space taken up, and in value, 
~3,500,000 estimated~ 

achine utilization (of present capacity) appears 
1m, at 39.3%. 

Prod~r, ~ io~ line techniques, even within departments, 
should be inc or'p0r~ t ed when the time required to produce a 
single produc~ appro aches the time available. When the two 
times are equal, continuous production over any work- place, 
machine, combination, or sequence of operations is required and 
desired . Further, it should be remembered that it may be 
economically feasible to go to production lines even though 
continuous production of anyone individual item cannot be 
sustained on an annual basis. Not only may much shorter periods 
prove sound provided the line is flexible enough to shift from 
one item to another, but ithin a series of items, manufacturing 
standardization (i . e. same sequence of operations with similar 
operation standards) may provide for continuous line operation 
on a variety of items. And still further, the entire production 
cycle need not be on a like base; that is, any part of the 
cycle may be separated out and put on a production line bas e . 
Connectors are the best example of a possibiliV,r for such 
treatment . This analysis is developed more fully in a subse 
quent section . 

A cIa aification system, and standardization (both 
product and manufacturing) with manufacturing sequencing, 
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grouping by manufacturing, operations and/or tooling similar
ities, are the essential first steps toward full realization 
of the possibilities of semi-serialized manufacture; to ensure 
the most economic production of high volume items while retaining 
the essential job-lot concept of "making what the customer 
wants vice selling what the company makes." 

Procedures. "Operations" really begin after the production 
contract has been issued to the inventory control points where 
they are picked up daily (if material available) by the super
visor, who may assign priority and tentative sequence schedule. 
The specific work is assigned to the group leaders who are in 
general responsible for obtaining the necessary tools, gages, 
material, etc. for the job from the various storerooms and 
cribs. The "Layout" (the designation given to Planning Records 
by Scintilla) is provided by the Layout Department under the 
Master Mechanic a nd in addition to including routing instruc
tions, operation instructions, and design specifications, lists 
those tools, gages, and materials required for the job. De
pending on the job and the department, the job may be set-up 
by a specially designated set-up man, or by an operator quali
fied and designated for both setup and operation. In some cases 
this procedure r esults in extended cycle times. For instance, 
where a setup/ope~a tor is responsible for more than one machine, 
each machine may be in a different part of its cycle, and if 
tool trouble or 0 he r manufacturing difficulty is encountered 
on the produc:!.ng :.l? chine, the oper8.tor 1s attention must be 
directed to it. This extends the setup time on the down machine 
and results in a decrease in overall capacity utilization. It 
is recomroended that more specifically designated setup men be 
aSSigned to the departments so effected. As discussed above 
and in other sections, the job assignment, (which tote box 1s 
selected for work next), is primarily a function of how long 
a contract has been outstanding unless expediting action has 
resulted in special emphasis. Supervisors make an attempt to 
r elate the contracts by similarities but lack of standardiza
tion and classification, and insufficient monthly combining 
and scheduling of similar "groups" of products results in 
nearly random job mix, further resulting in maximum required 
setup times which aggravate the above situation. 

"f o t "0 After a machine has been setup, a 1rs run 1S 
made during which quality control inspectors check the output 
and tooling deficiencies are determined. When the output is 
satisfactory the production run is started. The operators 
and operations are in general independent. Tha~ is, each 
Operator works from and to a tote box, with no 1mmed~ate trans
fer to the next operation. In most machining operat10ns 
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the operator must remove the pieces from a supply tote box 
and place them either on a pin-board or working tray. As 
they come off the machine they are inspected for overall 
quality by the operator in the ratio of about one in ten and 
placed on another pin-board. They are then counted by the 
operator and further transferred to a transfer tote box. If 
the next operation is within the same department, the above 
procedure is repeated. When any particular department has 
completed all the required operations and the pieces have gone 
through a bench inspection where they are certified for quality 
and quantity, the tote box is set straddling isle markers which 
is a signal for tha truckers to "move" to the next department. 
The next department mayor may not know that the work is on 
the way depending on how much checking the supervisor has done. 
When components have been completed, they are turned into 
stores for re-issue to assembly when required and/or when all 
components ha/6 be en consolidated. All components go to stores 
as an inventory cnack point before assembly and shipping. 

Only the first operation on a contract is scheduled 
insofar as starting date is concerned a~d this is mere reflec
tion that the cQntract has been iS3u6d and the work authorized. 
The Contract sta tus Report summarizes the contracts outstanding 
and specifies tG3 first department and the lead department 
for each contract t0gether with the issue date and the overall 
completion da t e of t he contract. No intermediate operations 
are scheduled e ~t~er for starting or completion dates except 
.by expediting a cv i on. Thus work has a tendency to be delayed 
and lost sight of as the contract moves from department to 
department until it nears the end of the float period where 
the expediters start checking on progress and the department 
supervisors evalua te the work in relation to scheduled completion 
date of the contract . In any event, a contract-lot, represented 
by a tote box, may sit in a department for as long as 30 days 
before it is forced out by administrative procedures. 

Manufacturing is centralized in one department insofar 
as is possible, as indicated by the semi-serialized production 
layout. Thus in many cases one department will produce a un~t 
f rom raw stock to finished goods with the exception of certa1n 
process operations. 

All of the above relates to standard production 
products, with Class 2 tooling. These are established products 
with complete sets of process sheets, which usually reflect 
Product analysis and product design changes to optimize manu
facture. Another manufacturing category is the Pre-Production 
Products which are small lots of non-standard products that 
maYor may not be repeat orders. Here the product design is 
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accepted as released and the parts are produced with minimum 
new tooling on existing equipment. In addition, there are 
composite Contracts, wherein normal production procedures are 
bypassed. Composite Contracts are issued on small lots of 
new products that are not expected to be repeated in any great 
quantity. Here, drawings are not checked, design specifica
tions are not analyzed for optimum manufacture, and only the 
crudest tools are provided. The lead department practically 
hand makes the product from raw stock to completed unit. The 
question relating to PPL and Composite Contracts, and even in 
some cases to standard products, is at what volume and forecast 
requirement should Class 2 or better tooling be provided. A 
further problem is when to shift to high volume mechanized or 
automated type production. At present, only arbitrary limits 
have been established, such that in general for a contract 
over 1000 units> Cl ass 2 tooling is utilized and, for contracts 
under 1000 unit~, Class I tooling is specified. Under the 
recommended reviaed organization, the pre-planning function 
of the Planning Department would determine the economic tool 
decision criteria. 

A major problem in the "operation" area is scrap and 
rework, presently at about 14%. It is considered that there are 
four aSSignable causes: 

1. 

2. 

3. 

4. 

Exc e s s ive setup and tear down resulting in a 
h~gh :-a te of "new" runs. Once a machine has been 
brought under control on a new job the scrap and 
rework is considerably reduced. By increasing 
lot sizes, etc., a fewer number of "out of 
control" situations would exist. 

Insufficient direct supervision and instruction, 
ranging from the operator not properly inter
preting the manufacturing or design requirements 
to his lack of apprec1ationODr what quality defects 
will constitute rejection criteria, such as tool 
marks I etc. 

Insufficient pin-pointing of responsibility and 
attachment of penalties for bad work. In many . 
cases the bad work is not detected until final 
inspection. Consequently, the job has lost its 
identity with the responsible operator. 

Machine and tool limitations, particularly in . 
high volume production of items with very small 
tolerances. 
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Some of the operations presently at or near maximum 
capacity and representing particular production problems are: 

1. Die casting in which connectors represent about 
60% of the load. 

2 . Alumiliting 225, in which connectors represent 
about one third of the load . 

3 . Furnaces (depending on type). 
4. Molding 
5 . 125 ton punch press. 
6. Department 26 automatic gridleys. 

When necessary, Scintilla utilizes a 2nd and 3rd shift, and 
half day Saturdays, to overcome production bottlenecks, and 
beyond this sub-contracting is resorted to. In some instances 
sub-contracting is done routinely to maintain a supplier in an 
advantageous posi~i on for future requirements, particularly 
where complex tool~~g is involved. 

General At~raisa l. Scintilla accomplishes her production via 
the tt floa metho d ~ This can be symbo:' ized as a fil tering 
process by which material is forced aga ~nst the filter, the 
material trespasses the filter and finally emerges as the 
product . The material, while in the filter, is the float . 
The time taken to complete the filtering process is a function 
of: 

1 . The manner by which the material is introduced 
into the filter; i.e. whether force is exerted 
on the total input or whether each particular 
lot has force applied individually . 

2 . The relative resistance of the filter to passage 
of t he various particles which in turn is a 
function of: 

a . 

b. 

The porosity of the filter, the number of 
passages and their size; i.e. the complexity 
and adequacy of the plant layout, manufac 
turing and processing quality, machine and 
manpower utilization. 

The attention that each particle receives 
during passage; i.e. whether each manufac
turing operation is micro-scheduled vice 
macro-scheduled, dispatched and progressed . 
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In the case in pOint, Scintilla has chosen to treat 
her workload via the totalized concept. The float is added-to 
each month with the assumption that the "filteringl1 will be 
accomplished in sufficient time to meet the scheduled delivery 
date. That is to say, macro-scheduling only, with scorekeeping 
after -the-fact, is done. Schedules are issued monthly and 
represent the monthly billing. "Schedules," in this case, is 
a misnomer. Quotas is a more representative term. The indiv
idual departmental foremen (often delegated to the group leader 
or even an operator) is responsible for proper scheduling, in 
that he is responsible for meeting the monthly requirement. 

Landy, in tlproduction Planning and Control", McGraw 
Hill, 19$0, states, "--the concept that production control is 
a scorekeeping or statistical department is expensive and 
inefficient ." For evidence of how expensive and efficient 
Scintilla I s p::,od~. ction control procedures are see the Plant 
Performance and Ap praisal sections of this report. The only 
manufacturing activities observed to be under close control 
by higher management were those departments, or operations, 
that are producing near to full capacity. This follows, since 
to obtain full output close control ir .. cluding scheduling 
(time available versus time required) is necessary. The reason 
it is necessary is that inefficiencies are introduced otherwise; 
inefficiencies th~ t cannot be afforded since capacity limits 
approach the arec;uired " situation. Why is it not necessary to 
maintain close c~~trol over other than fully loaded operations? 
Are not the sa~8 t~oublesome inefficiencies introduced? Can 
they be afforded more readily than in the fully loaded situa
tion? The answer given by the manufacturing management was a 
unanimous "YES 1': This study group takes exception and suggests 
that Scintilla evaluate herself very closely in this respect. 

Little modern materials handling techniques and 
equipment were observed. This is evidenced by the $2,105,000 
total annual material handling cost cited in section 11.9.4.2. 
The total is contrasted to $10,000, the estimated annual 
depreCiation cost of material handling equipment. Thus, 
material handling costs are co~osed primarily of wages (82%) 
and floor space allocation (13%). This floo: space percentage 
represents storerooms only. Tote boxes hold~ng in-process 
inventory consume an estimated 25% additional space within 
the productive manufacturing allocation. The primary reason 
for this large expense is scintilla's use of the tote box 
method of handling, manufacturing, and scheduling. As discussed 
above, proper semi-serialized manufacturing procedures in many 
cases would route material directly from one operation to 
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another, thus reducing the non-productive expenditure, 
clearing up a great deal of floor space holding tote boxes, 
reducing in-process inventory, reducing average production 
cycle times, and reducing the percent of products that are 
delivered late to the customer. 

The group wishes to compliment Scintilla for the 
ingenious machines and tools designed and built to facricate 
and assemble certain connector components. The basic principle 
incorporated into these machines is recommended to Scintilla 
as a solution to mal~ other problem areas. It is hoped that 
the next step will be taken; that of combining these excellent 
automated machines into one producing entity. It is suggested 
that, for instance, the output of the Gridley pin automatics 
could be fed directly into the au~omatic millers then to the 
tumbler. After ba t. ch transportation to plating and back, 
the output of tr.~ automated solder well filling machines could 
be fed directly into the automated clip assembly machine. 
Further, it is possible to locate the clip making machines 
near the clip aSdembly machine so that ~lips and sockets are 
both fed automatica~ly and continuously to the clip assembly 
machine . The ou t put of the clip aese~J :y machines could be 
inspected for tension and size by the automatic machines after 
continuous transfe~. It is suggested that Scintilla study 
this recommen~a ~~on ~ith a view toward setting up this 
completely integrated system in the plant addition under 
construction. 

The idea of combining operations into one producing 
automated unit via transfer mechanisms to eliminate consecutive 
handling has literally thousands of applications throughout 
the plant and is particularly emportant, not only for machine 
application but also for method engineering of the human 
variety (work-place engineering and layout) since annual 
direct labor cost is estimated to be $8,350,000 while annual 
machine and e9uipment depreciation and rental costs are 
estimated at $960,000. certainly machine emphasis is important 
from a capacity standpoint but engineering effort applied to 
human facilities is equally fundamental, not only for optimum 
capacity but for minimum cost. Observations of people and 
sampling of Methods Department Reports verify that the greater 
emphasis is on machines, machine tools, and processes. 
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11.8.2 Plant Performance 

11.8.2.1 Man and Machine Utilization 

General Discussion. one of the best indicators of productive 
effIcIency Is the utilization of available men and machines. 
This efficiency factor determines how much is actually gotten 
out of the establishment in relation to what is possible. To 
determine the utilization efficiency, statistical sampling 
of the manufacturing department men and machines was carried 
out on Tuesday, Fe~ruary 19, 1957 and Tuesday, March 26, 1957 
with data obtained as per Chart 11.8.2.1-1, Figures 1 and 2. 
The procedure used was similar to that described in the 
"Industrial Engineering Handbook" by H. B. Maynard, Section 3, 
Chapter 5, except t hat observations were not limited to specific 
work stations C~~ were confi~ed to a period of the two Tuesdays. 
Observations Wdre Made by random walkin& up and down work 
station isles, ma r~ing the operator and/or machine activity 
at the immediate moment of arrival within arm's reach of any 
particular station. With respect to t he personnel sampling, 
no attempt was made to pace the workers observed. The criteria 
for the activity classification "Producing" was simply that 
if the employee appeared to be constructively engaged he was 
so classified. RS3ults were conservative. The employee may 
have been engag~ j i n unauthorized production, been reworking 
a rejected pi~co , or may have been marking time waiting for 
the machine or pr ~cc ss to finish although appearing busy. 
Thus in every case the employees actually on-the-floor were 
observed it is pl'esumed that some were temporarily absent 
from production areas, in washrooms, storerooms, at tool cribs, 
etc. Inclusion of such persons in the total observations would 
decrease the "Producing" percentile. 

In interview statements from the Production Manager 
and the stores Foreman it was determined that there is no 
great fluctuation between daily production volumes, or even 
any significant seasonal fluctuations, except that Mondays 
are a little slow getting started, and Fridays are not com-. 
pletely "nonnal." This was further corroborated by a sampllng 
check of daily completed production contracts. Thus the 
assumption is permitted that the Tuesdays the samples were 
taken satisfied the requirement for randomness insofar as 
having reasonable reliability within the generalized scope 
of this study. In any event it is felt that the results were 
conservative, in that the 19th and 26th were in the latter 
Part of the months, and if fluctuation ~ occur, there would 
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MACHINE UTILIZATION 

ACTIVITY CLASSIFICATI NUMBER OF MACHINES OBSERVED BY DEPARTMENT 
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Non-Producing 
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Admin. paper work 
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0 
4 
0 
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B~'ng instructed 0 
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53 
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be an even greater utilization on these days than "normal" 
in view of Scintilla's monthly production billing schedule 
procedures. 

Inasmuch as the Gridley automatics were stated to 
be a bottleneck operation in the manufacture of plug-in
connectors, these automatics were sampled at ten random inter
vals over a period of six consecutive Tuesdays to obtain a 
more detailed analysis of this operation. Data was obtained 
as per Chart 11.8.2.1-1, Figure 3. Since total observations 
were relatively small, the elemental breakdown was kept at a 
minimum, namely "Producing," "Maintenance," and "setup/Teardown. tt 

Any machine either not producing or not down for maintenance 
was arbitrarily assumed to be within the setup-teardown cycle. 

Machine Utilization Analysis. 

Utilizati on, p, was 39.3% 
Number of observations, N, was 1380 
Standard deviation, sigma, was 1.31% 
% poss i ble error in p was .0131/.393, equal 
95% tolerance limits were 36 , 7% to 41.9% 

to 3.33% 

Meaning: On any random day, 95 times out of 100, 
the machine utilization will lie between 
36.7% and 41.9%. 

Further, since 14% of machine output is rejected 
scrap or rework, the true productive utilization is only 
(.393) - (.393 x , 14 ), or (.393 - .055) equal to 33.8%. 

Since ma chine and equipment annual depreciation costs 
are $885,000 (including government owned facilities), the 
various categories of machine activity can be grouped by the 
following types of costs: 

Cost T::lI:!e Activity ~ Cost 

l. Maintenance & Adjustment Maintenance 3.9 $ 34,000 
Tool Trouble 4.1 36,000 

2. Control Operator Inspection 1.3 10,000 
3. Material Handling Out of Ma t eria 1 4.9 45,000 
4. Non-Work Not Assigned 7.2 64,000 

No Operator 5.6 59,000 
5. Non-Productive Work Setup/Teardown 33.6 298,000 

Scrap & Rework 5.5 49,000 
6. Productive-Work Producing 33.8 299,000 
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The significant item here is the Non-Productive 
Work category, particularly setup and teardown. Nearly as 
much machine time is spent on this as on productive output, 
indicating a possible need for manufacturing and/or product 
standardization in addition to detailed sequential scheduling 
wherein similar parts are scheduled in sequence. To do this 
of course, a classification system is essential for the 
determination of similarities. 

Although utilization was only 39.3% it must be stated 
that this is not an area where substantial savings are possible 
with respect to overall costs, since machine and equipment 
costs are relatively insignificant compared to labor and mater
ial. However, whero plant capacity, and hence sales volume, 
is · limited by a machine bottleneck, as with the Gridley auto
matics, radical at~ernpts should be made to improve the bottle
neck conditions 

Gridlev automatics utilization in department 26 was 
only 20%,with 8%vmaintenance, and 72% setup/teardown. The 
conclusion is obvious. To remove the b~ttleneck the following 
are some of the measures that co~ld ta resorted to; classifi
cation, standardization, sequentia~ scheduling, increased lot 
sizes with produ~tion into inventory on a forecast basis, and 
product-line ma4ufacture on high volume units4 A full 
discussion of the Gridley problem is contained in sections 
11.8.3 and 11.8 .4. In addition it was noted in this respect 
that increasing t~e number of setup men in the department 
might be an immediate solution, in that down-machines were in 
excess of the number of set-up men, creating an "idle" condition 
resulting in a longer setup cycle than actually required. 

Manpower Utilization Analysi~ 

Utilization, ~ was 52.5% 
Number of observations, N, was 958 
Standard deviation, sigma, was 1.62% 
% possible error in p was .0162/.525, egual 
95% tolerance limits were 49.3% to 55.7% 

to 3.1% 

Meaning: On any random day, the manpower utilization, 
95 times out 'of 100 will vary only between 49.3% and 
55.7%. ,; . 

Further, since 14% of the worker output is rejected 
scrap or rework, the true productive utilization becom~s 
(.525) - (.525 x .14), or, (.525 - .074) equal to 45.1,0. 
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Since the annual direct labor payroll has been 
estimated at $8,350,000 (including allowances), the activities 
can be broken down on the following cost basis for subsequent 
analysis: 

cost Type Activity -L Cost 

L Administrative Paper Work 2.5 $ 215,000 
2. Maintenance & Adjust. Mach . Adjustment 2.3 192,000 

Tool Delay 1.1 92,000 
3. Control Print/Spec Delay 2.7 225,000 

Being Instructed 2.7 225,000 
Waiting for Inspection 1.1 92,000 
Inspecting Own Work 3.6 300,000 

4. Material Handling Counting Own Work 1.1 92,000 
Material Handling 4 .0 334,000 

5. Non-Work Personal Delay 14.2 1,180,000 
Machine Interference 6.9 575,000 

6. Non-Productive-Vlork Setup/Teardown 5.6 468,000 
Scrap & Rework 7.4 618,000 

7. Productive-Work Producing 45.1 3,770,000 

All of the activities other than productive work, 
totalling 4,580,000/year are signi ficant enough to warrant 
close attention. In this respect, the following breakdown by 
cos t 11 caus ell is more beneficia 1. 

Cost Cause Activity -L Cost 

A. Methods Material Handling 4.0 $ 334,000 
Machine Interference 6.9 575,000 

B. Procedures Inspecting Own Work 3.6 300,000 
Counting Own Work 1.1 92,000 
Administrative 2.5 215,000 

C. Manufacturing Delays Setup/Teardown 5.6 468,000 
Mach . Adjustment 2.3 192,000 

D. Supervision P.F.D. 
Personal Delay 14·2 1,180,000 
Tool Delay 1.1 92,000 
Print/Spec Delay 2.7 225,000 
Wait for Inspector 1.1 92,000 
Being Instructed 2.7 225,000 

The significant item here is "supervisory responsibil
ity costs," wherin supervision is meant to include tra~ning, 
morale, discipline, leadership, direction , and correct~ve control 
action. It will be assumed that about one third of the scrap 
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and rework is beyond operator control (inherent in machine or 
process), and further that 10% time allowance is expected 
(granted) for personal, fatigue, and delay. Costs reducible 
by increased supervision are then: 

(11.8% plus 5.0%) x ($8,350,000) equal to $1,400,000. 

It was determined in other sections of this study that a 
considerable portion of the supervisors' time was taken up by 
matters other than direct control of the workers. A way to 
gain increased supervision, aside from the desirability of an 
active supervisory training program, would be to take the 
planning, scheduling, loading, and other such responsibilities 
away from the supervisors, and put them in a planning section, 
leaving the extra time for real s11pervisi on of the workers 
th~selves. H~g~~r morale, more instruction and training, and 
tighter control o/er quality and worker activity through dis
cipline and effe~t~ve corrective action could well save in 
excess of 1,OOC,OOO/year. 

Manufacturing delay costs, pp~ncipally set up and 
tear down, can 'be considered in the S3 ;l1e li ght as discussed 
under machine u tiliza tion. They ar'e p~incipally the result 
of complete job-9h~p operation with random selection of con
tract sequence and little consideration of economic lot sizes. 

Procedu~e delay costs are just that. Operators 
inspect their own work even though it is processed through 
both a bench inspection and final inspection. Besides being 
duplication, the question can be raised whether the operator 
inspector really does any good, and in some cases whether it 
is done at all even though included as part of the time standard. 
In addition to inspection, operators also count their own work 
even though it is s ubsequently counted by both inspectors and 
stores personnel. Adminstrative production paper work is a 
function of the above items. In view of the duplication and 
overlap of effort, it is suggested that a proce~ure review be 
undertaken to release the workers from this actlvity. Inspec
tion, counting, and paper work (including wage payment data) 
could all be accomplished by the bench inspectors and/or a 
dispatch section which is being recommended separately. 

Methods delay costs involve work station inadequacies 
wherein the worker is not "loaded ll and might well be running 
two or more machines, and in addition is probably handli~g 
material an excessive amount of the time, such as the Grldley 
operators who transf r shells from one tote box ~o another 
three different times before reaching the bench lnspector. 
At other stations orkers take material out of a tote box and 
put it on a pin-bo rd, then off the pin-board to anothe~ pin
board, off th pin-board into a tote box, and out of thlS tote 

\. 
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box to another 'larger tote box. With the risk of be ing redun
dant with regard to other sections of the report, it appears 
that great improvements can be made in the areas of IIpeople." 
Little can be said about machines, for continual method study 
here has produced an efficiency and capacity probably unsur
passed in comparable industries. However, as stated previously, 
machine costs are insignificant compared to labor and relatively 
little has been done in motion and work station study. Tools 
are provided the workers but they are left to their own devices 
for the actual work methods. No standards as such as set. 
Operation instruction sheets prescribe "what" is to be done 
but not Ithow tl

• There is duplication of responsibility between 
time study personnel and the methods department. With 21,000 
time studies a year, the time study men can hardly be expected 
to conduct a thorough operation analysis before each study 
to ensure proper m~ thods. Nor are the time studies such as 
to prescribe a standard method . There is no procedure for 
checking back on o?erations to see if and why methods have 
been improved by the operator except in cases of excessive 
earnings . Such studies are more important from a productivity 
standpoint than the setting of time standards merely as a basis 
for wage-payment. 

11 . 8 .2.2 Incentive Labor Performance 

General Discu3s ion. On Chart 11.8 . 2.2-1 the "Normally Expected lt 

curve portrays the representative distribution of qualified 
workers performing under incentive conditions, the mean being 
at 125% of normal levelled effort on the Intermediate Task 
scale . Various performance scales are used for comparison 
with the Scintilla system, which corresponds to the Bedeaux 
for levelling purposes. For wage payment, Scintilla actually 
uses the Intermediate Task, although it is offset by 20% to 
provide for beginning incentive payment at 83% effort instead 
of 100% normal effort. In reference to the "normal" distr~
bution on the chart, the range of Scintilla incentive earn1ngs 
should be from base pay (100~) to 200%, with the average at 
150%, corresponding to an average operator performance of 125%. 
Similarly it can be seen that about 70% of the incentive workers 
should be expected to earn between 132% and 168% of base. 

Productivity can be defined as the ratio of actual 
out put to normal output, and is a funct ion of the time an 
operator produces (utilization), and the effort the operator 
expends while producing. 
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Let p equal productivity 
Let u equal utilization 
Let U equal utilization plus 10% PFD. 
Let E equal performance effort. 

Then: p equals U x E 

"Normal" productivity will be assumed to be that of 
a normal o~erator working under normal conditions at normal 
pace (bOB/IOO) for 90% of the time. Here p equals 1.00 x 1.00 
equals 1.00. It will be further assumed that minimum effort 
is 83 .3% of normal since this is the lower limit of the effort 
distribution, and that maximum utilization is 90% to give the 
operator his PFD allowance under all conditions. Thus, pro
ductivity above 100% is proportional to effort and below 
83 .3% is proportio~al to how much time out the worker takes 
over and above hi'3 allo'liance. Between these two limits pro
ductivity is int3rdependent on both utilization and effort. 

The follo ing analysis was made to determine what 
the incentive ea nings actually are, and ~at is the actual 
productivity . Having determir.ed thase factors, to analyze 
labor cost and any labor cost variance . 

Data 

Average Direct La~or base pay rate equals $1.65/hour . 
60% of Direct Labor hours are incentive hours (overall). 
23% of Incentive orker hours are on straight time. 
Average annual hours/worker equal 2000. 
Incentive orker earnings equal, on an overall average, 127% 

base pay. 
"Normal" effort incentive worker earning rate equals $1.65 x 120%. 

That is, for 100% productivity a worker will earn 
120% base, or 1 . 98/hour. 

Number of direct labor orkers equal 2092 . 
Number of equivalent direct labor workers on incentive equal 

60% x 2092, or 1250. 
Incentive Base equals (bOB 1evelled time) plus 10% PFD plus 

20% incentiv opportunity. 

Samplin studies of incentive work in conjunction with the total 
utilization analy is discussed previously, established that 
the time utilized on incentive ork on time standard elements 
was 70% and the time spent on non-time standard elements was 
30%, of hich 10% as expected due to a 10% PFD allowance. 



XI-131 

Although as previously stated, the average normally 
expected incentive earnings should be 150% of base pay, the 
present actual average at Scintilla is: 

1 .21 - (.23) ( 1.0) = 
.77 1 .35 = 135% Base Fay = 1.35 x $1.65 = 

$2,225/hour. 

Interview statements from supervisory personnel 
indicated an unofficial upper limit on overall earnings of 
incentive workers of about 150%. Earnings over this limit are 
subject to review. Then, incentive earnings at this overall 
level are: 

1.50 - (7~~3)(1 . 0) -- 1.65 65% , = 1 0 Ba s e Fa y 
• I 

Similarly, a lower level of incentive earnings is 
established not onl y by a guaranteed base rate, but by a base 
rate equivalent of piece rate earnings on incentive, that is an 
operator cannou fall below the num~er of pieces required to 
make base rate Vii thout incurring supc r 'dsory action. These 
two limits , and the present avera ga, give rise to a distribution 
of present Scintilla incentive earnings, shown on Chart 
11.8 .2.2-1 . 

Analysis. As d_scus s ed above, it should be expected that 
Incentive time e2rnings would average 150% . Since they actually 
averaged only 135%, it would then be expected that effort was 
112 . 5% from cross checking the scales on the chart. However, 
utilization was only 10%, ~iving rise to the assumption, since 
the workers were taking 20% more time out than allowed, that 
effort at the most would be normal, or 100% . This is conser
vative . Actually the workers would probably slow to a pace 
of 83 . 3% with st~,dard allowance before increasing their time 
out to this extent. The conservative aspect of this assumption 
should be kept in mind throughout the remainder of this section. 
Present productivity can then be computed as: 

p = U x E = (.10 I .10) x 1 . 0 = . 80 = 80% 

And expected productivity can be computed as: 

p = U x E = ( . 90 I .10) x 1.125 = 1 . 125 = 112.5% 

Actual pr sent condition then is 135% base pay at 80% produc
tiVity compared to an expected present condition of 135% base 
pay at 112 . 5% and further compared to a "normal" condition of 
150% base pay at 125% productivity . 
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Since piece rate essentially is payment for time and 
effort, the incentive pays on productivity, not effort alone:
Incentive earnin~s therefore are as a percent of normal produc
tivity, i.e. 100% productivity is equal to 120% base pay; 125% 
productivity is equal to 150% base pay, etc. It is obvious 
that as long as utilization is 90% (U equal to 100%) then 
productivity and hence pay is equivalent to the effort scale. 
In the present condition however, productivity is only 80% and 
at this point only base pay (guaranteed 100% at or below 83.3% 
productivity) is given. 

Wages and labor cost relationships follow from the 
preceding: 

Let We 

Let Wa 

Let Le 

equal wages "Earned." That is the % of base pay equiV
alent to any level of productivity as related by the 
pay/effor t scales of Cha~t 11.8.2.2-1. Present We 
equals 100% @ 80% productivity. 

equal wages "Actual." That is, what % of base pay is, 
or would be, paid under Scintilla conditions for any 
level of productivity, with t~e present condition 
being the base for computational off-set. Present 
Wa equals 135% @ 80% productivity. 

equal lebor cost "expected," where labor cost is the 
cost per ~nit of production, and expected cost equals 
"Earnec' wages divided by productivity. Present Le 
equals 100/80 equals 125%. . 

Let La equal labor cost "actual," which equals actual wages 
divided by productivity. Present La equals 135/80 
equals 169% . 

Let Woe equal wages overall earned (straight time plus incen
tive): (.77 x We) plus (.23 x 1.00). Present Woe 
equals 100% base pay. 

Let Woa equal wages overall actual, equals: (.77 x Wa ) plus 
(.23 x 1.00). Present Woa equals 127% base pay. 

These relationships can be analyzed for any level of 
utillzation,effort, and productivity. Chart 11.8.2.2:2 tabul~tes 
Such an analysis and Chart 11.8.2.2-3 portrays graphl~allY tt e 
relationshIp bet~een productivity, wages, and costs. he mos 
significant feature of the latter chart is that it shOWSt~S 
productivity incr ases above 83.3% the wages increase ra er 
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sharply, but expected costs remain constant, and actual costs 
continuously decrease. Thus even if wages were 200% of base 
pay, the labor cost would be less than when wages are 135% as 
at present. The obvious conclusion is that no "lid" should 
be ¥laced on incentive earnings. Care must be taken however, 
the under greater effort the work is properly planned so that 
percentage of time on day work does not increase. 

It is further obvious, due to the theoretical dis
tribution of worker performance capabilities, that average 
earnings should be 150% with a labor cost of 120%. The question 
might be asked "Why don't the workers exert the effort to earn 
this much?" Certainly failure to do so is prirna facie evidence 
of failure of the incentive system, since the sole purpose of 
any incentive system is to m~tivate operating personnel to a 
high degree of productivity. The reasons for such failure 
might be given as follows: 

2. 

3, 

4. 

An artificial tllid" imposed by management. It is under
stood that such a limitation does exist at 150% overall 
earnings. This does not explain, however, why the workers 
do not earn this much, at least. 

Distrust of management. That is, workers' fear that if 
high earnings are achieved the rates will be cut and they 
will have to ork harder to earn the same amount of money 
they did with less effort. This distrust is magnified by 
management review of excessive earnings. This situation 
can be alleviated by management assurance, even guarantees, 
that such ould not be the case, And since labor cost 
would not increase, management would not be forfeit from 
such a guarantee, although standard should be set with 
greater care on ne jobs. In other words, incentive earn
ings should be controlled by good standards, not through 

t " " worker-effort control oreated by managemen pressure. 

Rates too tight. This reason is considered invalid in 
that it is incompatible with the fact that th~ workers 
utilization is only 70%, and by increasing th1s to 90%-
at the sam effort--(meaning "normal" effort, 90% of the 
time, hieh is only 100% productivity), they could earn 
159% base. 

Union and/or group pressure. Here, jealousies and slow: 
down by eomm n consent or pressure could keep,any indiv1dual 
from orking at his optimum pace. Proper att1tude orienta-
tion i ou the only answer here, showing the workers that 
high produetivi y is beneficial to them as well as to 
mana m nt. 



6. 

8. 

9. 
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Inability of the workers to project their own activity 
into a "Group Incentive" operation. Here, the faster 
workers may tend to pace themselves with the slower workers 
in order to not carry an unrewarding load. In fact they 
may fail to even see where increased effort on their ~art 
would improve the overall group performance and hence 
their own earnlrlgs. The solution here, although difficult, 
is more application of individual incentive. 

Individuals primarily satisfied with what money they are 
earning, and since there is no distinction made for perform
ance toward advancement under the existing union contract 
there just isn't any motivating force on the workers for 
greater effort. If this is so, the workers might just as 
well be paid at a straight time rate equivalent to present 
average incentive earnings and then motivated to higher 
productivity by a system of promotion-by-merit, or some 
other technique of non-monetary recognition. 

Workers primarily craftsmen that are more interested in a 
"good job" than high production. Ttis reason too is con
sidered invalid, in tha t a person m'Jre interested in his 
work than in financial reward would show more than 70% 
utilization on the job. 

Poor productio~ scheduling and control such that the greater 
effort on i:~c'3lJ.tive would result in a higher percentage of 
straight tips activity with resultantly small increase in 
overall-earnings, making it relatively immaterial to the 
worker whether he does, or does not, exert maximum effort 
while on incentive work. 

Inadequate planning, scheduling, supervision, and control, 
such that the worker is "forced" into considerable delay 
time waiting for prints, specs, tools, material, instruc
tion, inspection, etc. 

The real significance of the above analysis is that 
the time standards appear to be too "loose", in view of ~he 
present condition of l35~ earnings at only 80% productiv~ty. 
A POssible reason for the standards being this loose is that. 
they are set relatively early after a part goes into product~on, 
many times on the first run. Then, unless there is a m~~hod 
Change, contract dictums prevent re-study, and ev~n if te~~ d 
is a method change only the affected element can e re-s u ~e • 
This applies to formal method changes instit~te~ ~~a~~n~~e~e~:3 
However, as indicated by the "learning curve 0 .., 
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Figure 1, the operator after the first runs when the time 
study was made continues to reduce the time required per unit 
as a function of his familiarity and habit with the work. 
Also, there is probably a large amount of work simplification 
in motion patterns and the like adopted informally by the 
worker that in essence changes the "method." But these informal 
method changes are not evaluated by management except in the 
cases of excessive earnings, primarily because the motion 
patterns of the work station method were never standardized 
in the first place--only "measured" at inception. Thus standards 
might be tight or good when initially set, but they rapidly 
become loose due to learning and informal method changes. 

Chart 11.8.2.2-4, taken from "Job Evaluation Methods," 
second edition, by C. W. Lytle, shows how a correct incentive 
rate should be s~t. On the Taylor-Gantt scale, locate the 
points 74 @ 100% base rate and 83~3 @ 100% base rate. Extend 
lines through these points to the origin. Lytle says "certainly 
all good piece rates should pass between these limits." Now 
on the chart the Scint illa "sys tem" line is drawn by locating 
the point 100 (on intermediate task equi valent to a Taylor Task 
of 80) @ 120% base pay, and exte~1dL-!g -~o the origin. It can 
be seen that the system as designed has too loose a task and 
too steep a pay slope. Finally, draw the "actual" condition 
line by locating the point 80 (80% productivity) on intermediate 
task @ 135% of ba"'e pay actual ear-nings, and extend to the origin. 
the pay slope is ove~ steeper and the task even looser. In 
fact, at point S, where the line intersects the 100% base pay 
line, a vertical l-4ne to the abscissa gives a Taylor task of 
only .60. In this range, Lytle describes the condition as 
being without good supervision and with little method improve
ment. This correlates with what has been said before. Method 
study at Scintilla predominantly emphasizes machines with 
little attention to operator work simplification and standard
ization and the supervisors have so many planning and control 
responsibilities that direct operator supervision is inadequate. 

Variance Analy i. Chart 11.8.2.2-5 is nearly self explanatory, 
based on the premise of Chart 11.1.2-3, Figure 3. Costs are 
represented ar as in the diagram. Thus normal costs would be 
1000 operators x 1.98/hour. The basic data used in developing 
the chart is listed in the beginning of this section. 

Under 1deal conditions, the unfavorable spending 
variance ould be balanced by a favorable efficiency variance, 
as shown by the difference between the expected quantity of 
890 and the normal quantity of 1000. This is the concept of 
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Qu.ANT 11 Y (l.NC£ NTIVE OPE f\ATOR S ') 

Quantity equals 1250 x 80% productivity = 1000. 
ected Productivity 135~ base equals 112.5% (see tabulation). 

ted Quantity equals 1000 divided by 112.5 = 890. 

e From Normal: 
nding Variance (2.225- 1.98) x 1250 x 2000 = $610 9 000/year 

ficlency Variance (1250 1000) x 1.98 x 2000 = $990, OOO/year 
Total Variance 610 000 plus 990 000 = $l,600 p OOO/year 

from Expected -
ndlng Variance (2.225 1.98) x 890 x 2000 : I 430,000/year 

ficlency Variance (1250-890) x 1.98 x 2000 = I p 420,OOO/year 
Total Variance 430 , 000 plus 1,420,000= 1,850 9 000/year 

" 

CHART 1/ .. 8.Z..:<'-S , 
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an incentive system. More is paid per hour, but fewer workers 
are required because of higher production per worker. Actual 
conditions however, show that there is both an unfavorable 
spending variance ~ an unfavorable quantity (efficiency) 
variance. 

Thus there is a total incentive labor unfavorable 
variance (loss) of 1,600,000 per year of actual compared to 
normal oosts, and a loss of 1,850,000 per year of actual 
compared to expected costs. These variances are also shown 
graphically on Chart 11.8.2.2-3. 

In terms of dollars then, the net result of loose 
standards, inadequare method improvement, inadequate worker 
motivation, and inadequate supervision, is an estimated annual 
dollar loss of 1)600,000. 

11.8.2.3 Time and Quantity Performance 

General. Determina tion of the s tatis tj :.al parameters of 
processing orders through the manufaci.;~l'ing system was con
sidered necessary as a basis for evaluation of performance 
related to delivery schedules and production quantities. There 
were some indica t ions of a production volume high enough on 
some items to nr~an~ production li~e teChniques. Other in
dications, such ~3 i~-process-inventory and manufacturing lead 
times pointed to ex~essive delay and idle time. Statistical 
sampling of sal~s orders, shipping data, production contracts, 
and assembly ork orders provided much of the necessary 
information. In other instances, summarized data was already 
available from Scintilla files and records. Charts 11.8.2.3-1 
and 11.8.2.3-2 provide general manufacturing information. 

Performance. Th data tabulated in Chart 11.8.2.3-3 and plotted 
as a frequency distribution on Chart 11.8.2.3-4 indicate that, 
of the three gener 1 categories of products, namely units, 
spares, and connectors, "units" take, on the average, the most 
time to process, hich as to be expected. What was not ex
pected was such a id range of from one to over 10 months 
for each of the hree categories. Further, connectors, rela
tively small and sim le and relatively high volume as com~ared 
to units, hav nearly the same average processing cycle t~me, 
i.e. 3.44 months for connectors and 3.90 months for units. 
As a follo up to this, Chart 11.8.2.3-5 tabulates the charac
teristics of order processing as to when an order was actually 
shlpped compar d to h n delivery was promised. Note here that 



SCINTILLA LEAD TIME CHART 

PRODUCT CLASSIFICATION PROCESSING MATERIAL FABRICATING ASSEMBLE TOTAL LEAD 
CUSTOMER'S PROCUREMENT TIME TEST AND TIME IN 
ORDER ACCUMULATED SHIP UNITS WEEKS 

lrcrart & Commercial 
!ags except X & H 3-4 8-10 7-8 3-4 21-26 

K and H Type Magnetos 3-4 8··10 2-4 3-4 16-22 

Harnesses 3-4 8-10 6 - 8 3 -4 20-26 

Jet Igniti on (Dynamotor) 3-4 20-24 2-3 25-31 

Other Jet Ignition Units 3-4 16-20 3-4 22-28 

Ignition Analyzers 3-4 8-10 4-0 3-4 18-24 

Fuel Injection Units 3-4 8-Jn 7 3-4 21-25 

Coils (cast housing) 3-4 6-8 7-8 3-4 19-24 

Coils (tubular housing) 3-4 8-10 4-6 1-2 16-22 

Ignition Analyzer Breaker 3-4 10-12 6-7 2-3 21-26 

(") Vibrators 3-4 8-10 6-8 3-4 20-26 ::r 
Sb 
Ii Switches (using castings) 3-4 6-8 6 3-4 18-22 cT 

I-' Swi tches (all other s) 3--4 I-' 4-6 6 1-2 14-18 • 
CD · Connectors 3-4 3-6 2-4 8-14 r\) 

• 
CN 
J 
I-' 



order Processing 
Time thrU Sale : 
R eipt Da e to 
Dl gea L sing Date 

Days No.Orders 

0 1 

1 2 
2 3 
3 ~ 4 
r' 6 , 

~ 6 
'7 

8 ) 

9 

Mea.n = 4 . 75 Days 

MANUFACTURI NG DATA 

Engineering Processing Time (aver aged f rom 
Produ~tion Engineering Coordinat ion New Project 
reports) is about 64 days . Estimat ed 
percentages of orders that go thru Engineering 
(estimates from various s ources) is about 10%, 
providing a mean estimated engineering process 
t me of 6 . 4 days/order. 

Ave~age number of outstanding monthly contracts 
as determi ned from Contract St a t us shee t s was 
about 12,000 . Average number of contract 
releases and closures per month as determined 
from Report of Contracts Releas ed and Cl osed" 
was about 3~400. Thus the est imat ed total 
cont act float on the floor a t anyone time in 
terms of months of orders outstanding equals 
12,000/3,400 equals 3053 . 

Mo her Uni t Standard 
Time Data for 

In reference to the chart a t t he left ~ the 
average shell mix is 60% di e cas t and 
40% bar stock. Therefore ' average mother _ 
unit time equals 1.298 x 060 plus 

Connec tor Shells 

Die Cast 

Ope:- Brs/ 
Code 100 
2 . 189 
2 .098 
71 .202 , 
52 .034 
1.'"' . 56 ... ? 
27 . 134 
45 .042 
78 .017 
30 .018 

1.298 

Bar Stock 3 . 221 x .40 = 2 00668 Hrs/100 = 1024 min/pc . 

Oper 

54 
71 
10 
21 
27 
35 
53 
52 
37 

Brs/ 
100 

• 35 
.030 
.796 
.377 
. 367 
. 220 
. 330 
. 251 
.365 

3.221 

Incen ive Operators Performance 
Elements D termined in Conjunction 

with Utl1 zatlon Sampling 

Time Standard Ele 
Non Time Standard El ements 

Administrative 2~7% 
n s 

Machine Adjustment 205~ 
Tool Delay lo2~ 
Prin /Spec Delay 2.9% 
Instruction 2.9d 
Wait for Inspection 1 .2% 
Coun lng Own Work 51 .2~ 

1 1 . O~ Persona 

Chart 11 0 8.203-2 



Month in which 
I Last Shipped Arter First First Last First I Last First i Last 

Firm Order Ship- Shlp - Shlp- Shlp- Shlp- Ship- Ship~ Ship 
Receipt menta menta roonts menta menta menta menta ments 

1 3 2 8 3 18 11 29 16 
2 16 13 10 6 22 16 48 35 
3 7 6 5 9 4 7 16 22 
4 4 3 5 6 1 3 10 12 
5 2 2 4 4 0 2 6 8 
6 0 2 2 5 1 3 3 10 
7 1 2 0 3 0 2 1 7 
8 0 2 2 1 0 1 2 4 
9 0 1 1 0 0 1 1 2 

10 0 0 1 1 0 0 1 1 
N(months) 2.7 3 .6 304 

.th in which SHIPMENTS (TOTAL) 
Shipped After 
F irm Order 

PoI oC 0 UNITS SPARES Rece ipt 
1 5 10 23 
2 18 16 33 
3 14 15 23 
4 11 11 11 
5 12 10 5 
6 9 8 3 
7 5 2 4 
8 4 2 2 
9 3 2 1 

10 1 2 0 
11 0 1 0 

MEAN (months) 3044 .3 0 90 2 0 83 

This means ~ for example ~ that on the average it can be expected the first shipment 
on any connector order will go out in 20 7 months and the last shipment in 306 months 
after receipt of the firm sales ardera The overall mean for all connector order 
process times is 3044 months. 

Chart 1108.2o3~3 
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AS DETERMINED BY 
STATISTICAL SAMPLI NG OF ORDERS AND SHIP MENTS 

I Pol oC 0 UNIT SPARES 
. 

TOTAL I 
ORDERS ORDERS ORDERS ORDERS 

DELIVERY DATE CHARACTERISTIC NO I % NO % NO % NO % 
4 months be~ore promised delivery date 0 0 3 303 8 8 l~ I 4.2 
3 months be~ore promised delivery date 0 0 2 202 4 4 2.3 
2 months before promised delivery date 0 0 3 303 8 8 11 4.2 
1 month before promised delivery date 5 7.5 19 20 ~9 18 18 42 16.3 
In month of promised delivery date 36 53.6 51 5600 45 45 132 51.2 
1 month behindpromlsed delivery date 19 28.4 10 11.0 13 13 42 16.3 
2 months behind promi.sed delivery date 6 9.0 3 3.3 1 1 10 3.9 
3 months behind promised delivery date 0 0 0 0 2 2 2 .s 
4 months behind Er~~ised date 1 1.5 0 0 1 • 1 2 08 

TOTALS 67 91 100 258 

. 
PoloCo UNIT SPARES TOTAL 

DISTRIBUTION CHARACTERISTIC ORDERS ORDERS ORDERS ORDERS 

X(mean of the numerical di s tributlon ~ ln mos . ) 045 030 053 020 
behind ahead ahead ahead 

- . 
Standard Deviation of the numerical di s- 0985 1.05 1057 1034 

t ribution g in months . 
Tolerance limits at a 95% confidence level 1.48 to 2 040 to 3 067 2088 1;0 

in months ahead to months behind 0 2038 108 to 206 2 048 - p(mean of percentage distribution in p e r -
c ent of orders behind promised delivery 3808% 1403% 1700% 21.8% 
date~ 

Standard Deviation of the percentage 6 00% 
distribution in absolute percentage 

3.7"/> 308% 206% 

Percent error pos sible in "p (accura.c y 
1505% 2604"/> 22.3% 1109% of sample) 

Tolerance limits at a 95% confidence 
level in percent of orders behind 26 08 - 51 00 609~2107 9 .. 0~25 16.6··27 
promised delivery. 

--
Chart 11080203~5 
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connectors were the only general category that was, on the 
average, behind schedule, and by an amount of .45 months out 
of a total processing time of 3.4~ months. If the scheduled 
date is considered as a "standard' of performance then in 
this category there was a 13.1% variation from standard. 
Taken percentage wise, 38.8% of all connector orders were 
behind schedule. This condition, plus the long processing 
cycle time, and considering the fact that connectors represent 
over 20% of the total sales volume and have a relatively high 
ratio of "direct costs," led to the decision to emphasize 
plug-in-connectors in the manufacturing study. Further data 
was collected on the basis of this decision. 

Chart 11.8.2.3-6 shows a frequency distribution of 
P.I.C. delivery date variance, promised versus actual, the 
mean being .45 months behind schedule. This variance, in 
connection with the positive skewness of the distribution and 
the large range and devia tion is interpreted to mean loose 
control, excessive processing difficulties, or promised delivery 
dates (estimates) that are not realistic or consistent with the 
performance standards. It is suggested that with tighter 
control, a distribution with a smaller deviation and without 
skewness would result, with a mean of zero months variance. 
This distribution is indicated by dotted lines as the "expected 
actual" on the same chart. A small percentage of orders would 
be late under these conditions. Another distribution, indicated 
by dotted lines as "desirable" portrays the conditions wherein 
only an inSignificant number of orders would be behind schedule 
as a result of randome chance causes, and the small deviation 
is indicative of very close adherence to schedule dates. Charts 
11.8.2.3-7 and 11.8.2.3-8 provide additional data relative to 
the manufacture and assembly of plug-in-connectors. 

An abstract of the pertinent data related to the time 
and quantity performance of the plant is as followS: 

1. 

2. 

Scintilla lead times vary from 16-22 weeks for K&H Magnetos 
to 25-31 weeks for jet ignition units with dyna~otors, the 
average for all units being 20-25 weeks. Of th~s, 3-4 weeks 
is for material pr curement, 6-7 weeks for accumulated 
fabrication time, and 3-4 weeks for assembly, test, and 
shipping. 

Units, spares, and to t al orders are delivered ahead of 
schedule on the average, but 38.8% of the connector orders 
are behind schedule. 
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PROCESS 
PRODUCTI 
CONTRACT-
LO 

2 1 
3 2 
6 2 
o 1 

11 1 
22 1 
26 1 
30 2 
35 3 
37 4 
38 2 
39 1 
40 2 
42 2 
46 1 
51 1 
55 1 
56 1 
59 1 

2000 
700 

00 
1000 
2000 

100 
100 

1250 
2250 
2600 

000 
500 
500 
750 
500 
100 

1000 
1000 
1000 

MEAN 8 26 07x12x60 
2200 

::; 8 0 74 min/pco 

1 
2 
3 
4 
5 
7 
9 

11 
21 
26 
29 
31 

MEAN :: 4 0 43 

= 1900 

3 
5 
1 
3 
1 
1 
1 
1 
1 
1 
1 
1 

750 
2700 

500 
2000 

50 
370 
500 
300 
100 
100 
100 
100 

MEAN ~ 4043x12x60 
1900 

= 1 0 68 

DAYS 
BE TWEE N 
LAST 
MFG OPER 
& FINAL 
INSPECT 
COMPIETE 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 

:::505x12x60 
2100 

2 
7 
5 
4 
3 
3 
5 
2 
1 
2 
o 
1 
1 
o 
o 
1 

lot 

lot 

~ 1089 min/Dc 

0 0 of 
OPERA~ 

IONS IN 
ONTRACT 

LOT 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 

4 
8 
1 
2 
3 
1 
3 
3 
5 
1 

MEAN NO o 
OF DAYS 
TO PRO
CESS 
LOT 

1075 
2062 
5000 
8 9 00 

12033 
16000 
23067 
30000 
35.00 
38000 

MEAN ~ 4 0 9 Operation 

MISC: Mean Contract 
size equals 
10 .. 300 unitso 

Mean Contract 
process time 
(basic shell 
fab) equals 
42 days 0 

Total Actual Shell Fab Time ~ 2607 f 4 043 days/lot = 31013 days/lot 
Total Actual Shell Fab Time = 8074 f 1068 min/pc ~ 10042 min/pc 
Mother Unit Standard Time ~ 1024 min/pc 
Ratio~ ~CTU~L = 1024 119 

STDo - 10042 f!'j 0 
Total Actual Required Fabric ating Time ~ 31 013 x 0119 ~ 3 07 days . 
Total Actual Required Inspection Time ~ 1 day. 

Chart 11080203-7 
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P.I.C. ASSEMBLY DATA 
AS DETERMINED BY 

STATISTICAL SAMPLING OF WORK ORDERS 

DAYS FROM NO.OF DATE NO.OF NO.OF W.O. RELEASE ORDERS • PoloC. TO ASSY. P.loC o 
COMPLETION UNITS ORDERS 

ASSEMBLED COMPLETED 
1 60 3/1/57 25,231 351 2 41 3~~/57 30,206 410 3 38 3 /57 25,472 349 
~ 27 3/6/57 29,056 393 48 3/7/57 28,439 401 6 35 X8/ 57 27,164 374 7 30 3 11/57 24,088 348 8 24 -

9 7 A VERAGE EQUALS 27,100 units/day 10 4 
11 ~ AVERAGE EQUALS 375 orders/day 12 
13 8 AVERAGE EQUALS 72 units/order 14 5 
15 10 
16 7 NO.OF AVG.NO. TOTA~ ORDERS 
17 4 ORDERS OF SETS REPRESENTING 
18 2 IN "SETS" DAILY DUPLICATE 
19 0 OF THE (SIMILAR) 
20 3 SAME UNITS 
21 5 UNIT 
22 2 2 27 54 23 1 
24 0 3 3 9 
25 0 4 5 20 

5 2 10 
MEAN EQUALS 5.86 6 3 18 

7 1 7 days, the number 8 1 8 of days a work 
9 1 9 order is on the 

TOTAL 135 floor until assy. % Duplication : 135/375 = 36% is completed. 

RELEASES 1 RELEASES IN RELEASES 1 RELEASES 2 RELEASES 3 
MONTH BEFORE MONTH OF MONTH AFTER MONTHS AFTER MONTHS AFTER 
SCRED SHIP' T SCHED SHIP'T SCRED SHIP'T SCRED SRIP'T SCHED SHIP' 'l 
NO. I % NO. I % NO. I % NO. % NO. I % 
164 I 45.8 158 144.1 26 1703 8 202 2 ~ 06 

Since those releases in the month of schedule shipment take an 
average of 5.86 days 0 complete, those issued within the last 
6 days of the month are 1n effect released in ,month after sched-
uled shipment sinoe they will not be completed 1n time. 6 days 
~~Vlded by 22 days times 44.1% equals 12025%. Then total behind-

~ hedule releases equal: 12.2 + 7.3 + 2.2 +.6 = 22.3% 
MISC 

~o. ot per. on as 19ned to a. s embly ~J~al 155. ,/h 
2.74 • Min per piece = 155 operators x 8 hrs oper x 60 min r = 

3. 'n,1.00 
Avg. No. of ersons per assy. line is 10. 

L-~ 
Chart 11.8.2.3-8 
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The range of processing times actual is from 1 to 10 
months for al11products. Con~ector a~erage is 3.44 months. 

The range of delivery date variance (promised versus actual) 
for connectors is from 1 month ahead to 4 months behind 
schedule. 

The average time a connector lot is lion the floor ll is only 
43 days (31 for component fabrication, 6 for assembly, and 
6 for inspection) out of a total cycle time of 3.44 months, 
giving rise to the assumed probability that much of the 
delay time is external to actual manufacture and results 
from procedures and policies rather than manufacturing 
difficulties. 

For the 43 days on the floor, the following conditions 
exist for the average lot of 2200 connectors: 

Required 
Required 
Required 

--

= 3.7 days 

line ... 84 days 

The interpretation here, of requiring only 5.54 days of 
actual working time out of a total available of 43 days, 
is that there is much delay between operations and sitting 
in tote boxes at the work stations waiting for processing. 
If true, it would be expected that there would be a high 
in-process-inventory. If this condition is assumed to be 
correspondent to products other than connectors, then it is 
1n fact born out by the data showing 3.53 months of total 
contract "float" on the floor. In addition, the in-process
inventory has been estimated at three and a half .million 
dollars. 

Present average connector production is 27,100 per day. 

About 22~ of the connector assembly work orders are released 
to the floor after promised del i very date, in other words, 
already behind schedule. 

There is a 36~ "similarity" or duplication of assembly orders . 
That ls, about every thipd order going through the assembly 
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line is a repeat of one that has already gone through that 
day. Interv~ew statements from the foreman further indicated 
that these s1milar orders were not taken in sequence rather 
that there was a complete "mix" of all orders each being 
in its own box and put into the line independ~ntly of any 
other. 

Delivery date variance then, appears to be a cumulative 
function. Too much time is spent in sales, planning, and pro
curement in processing of the order and more time than necessary 
is taken in actual manufacturing processing. Changes in policies 
and procedures can reduce idle-delay time in the former instance. 
A suggested procedure change is to have a "Master Scheduling" 
function under the Chief Planner which allocates time to all the 
various involved activities, before the order reaches the floor. 
A further change in policy is to increase the level of raw stores 
and hence reduce "procurement" time. The risk factor for raw . 
material is _not nearly so critical as for finished goods or 
components, and raw stores could justifiably be carried on a 
forecast basis, particularly if manufacturing cycle time were 
minimized. 

In the second instance, excessive actual manufacturing 
time appears to be caused by inadequate scheduling and insuf
ficient control. The fact is that control is not exerted until 
late in the cycle period under the procedure where expediters 
begin checking on a contract at a certain time interval from 
its scheduled completion. If excessive delay has occurred up 
to this point, no amount of expediting can correct the situation. 
The more operations necessary on a contract the more possibility 
for getting out of control. This is illustrated by the graph 
of Chart 11.8.2.3-9 which shows that there is a fairly linear 
relationship between time and number of operations up to three 
operations. From three to nine operations the curve becu~es 
nearly exponential, indicating a geometric time interval for 
each successive operation. The interpretation is that no control 
is exerted in this area that there is no positive dispatching 
between operations, or ~ven any scheduled completion at ~ach 
operation. At op ration 9, the curve begins decreasing 1n slope, 
showing where the expediters appear to come into the picture and 
bring the operations back under oontrol. 

The solution is more detailed scheduling and more 
Positive processing of the work. The question is how much mo~e? 
A realistic solution would be a central scheduling activity, 1n 
Conjunction with dispatohing and progressing procedure~ that t 1 
would schedule not only the contract itself, but each 1ncremen a 
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operation within the contract, which would be checked at each 
stage for comformance to the schedule. Such a procedure would 
tie in nicelrr with the sequential scheduling discussed under 
"uti lization' since shceduling by increme nta 1 opera tions as 
here recommended could be based on, and dispatched by, similar
i ty sequence. 

A modification to this procedure would be departmental 
scheduling on a suitable time basis, say a week. In essence 
this is what is done now under the present system, except that 
effectively only the first, second, and last departments are 
really "scheduled," and the Contract Status is issued on a 
monthly basis which can, and does, allow a department to take 
as long as )0 days on a job that may require only a matter of 
hours. The Contract Status would be an effective instrument 
if issued at closer intervals, in advance of work required, and 
prescribed what each department's work requirement was during 
each interval. Notwithstanding this modification, it is recom
mended that central scheduling. dispatching. and continuous 
progressing be adopted. An additional advantage would be that 
at any particular time all the jobs scheduled to a department 
could be totalled for a load analysis. Further, priorities 
could be established all along the line "before the fact" instead 
of by expediters on the basis of an order being "after the fact" 
behind schedule. 

Although discussed in more detail in subsequent sections, 
a mention will be made here of the recommendation that about 80% 
of the productive plant capacity be frozen to the recommended 
schedule, the remaining 20% being utilized to take care of "hot 
jobs "rework maintenance and breakdown, procurement delay 
requiring sub~equent re-insertion, and other difficulties normally 
tending to continuously disrupt a schedule. In other words, 
only 80% of the capacity would be firmly "scheduled" in advance. 
20% of course is an arbitrary figure used for discussion only. 
The actual percentage of the capacity utilized by these disrup
tions would have to be determined. 

All the above notwithstanding, a considerable portion 
of the observed delay must be laid to supervision. As discussed 
in previous sections on utilization and incentive performance, 
failure to obtain optimum output from available machines and 
manpower is a sup rvisory responsibility resulting not only ini . 
cost defiCiencies but in the established unfavorable time v~I -
ance. Gentral sch duling and disnatching would of c(3~%e re eve 
the supervisors of effort spent in these activities : aS th indicated in the "Production Manager" chapter) and proYlde em 
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with more time for direct supervision. Positive progressing 
would provide a better check on the effectiveness of the super
vis ion. 

It is essential that work methods and work-place layout 
be standardized and that subsequent time standards developed 
thereon be actively used to plan ana schedule rather than for · 
wage payment alone as is the present case. Additionally these 
considerations would do much to reduce cycle time and minimize 
the number of orders completed after promised delivery date: 

1. 

2. 

3. 

s. 
6. 

Methods improvement. 

Product and/or manufacturing standardization with an adequate 
product classification system as the first step (see the 
Engineering chapter). 

More consolidation of orders and increased lot-size to re
duce set-up/tear-down and other indirect delays. 

Separation of high-volume products from low volume products, 
as presently "mixed", and adoption of certain production 
line techniques (or semi-production line) for the high 
volume items in conjunction with 2 and 3 above. 

Effective worker motivation. 

A review of procedures toward reducing time presently taken 
by purely administrative processing of orders. 

The importance of meeting delivery dates and of having 
short cycle times must again be emphasized. As pointed out in 
conjunction w~th product cost and quality, the time element and 
reliability of a supplier are prime considerations of customer 
relations, even influencing how much he is willing to pay for 
the product. 

Aside from customer considerations, a large amount of 
capital is tied up in in_process-inventory. This inyentory can 
be reduced in almost direct proportion to any reduct10n in man-
Ufacturing cycle time. 



11.8.3 --- PI.UG-IN-CONNECTORS I PRESENT PROCESS. 

As noted throughout the manufacturing report, plug-
ia-connectors proved to be the Scintilla product that offered 
the greatest oportunity for beneficial results for both the 
investigating group and for the company. The present method 
of manufacture is presented through the use of the followimg 
flow diagrams and tables of data. 

11.8.3.1 PROCESS FLOW CHART. -

PROCESS OR OPERATION ANALYSIS CHART 
PRODUCT PROCESS FLOn CHART 

PROCESS: Manufacture ot Electrical Connector PRESENT METHOD 
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PROCESS: 

DIST. 

PhO))UC:r :JH OC CSS FLOn 

Manufacture of Electrical Connector 
CHART (CONT.) SHEET NO. ' 2 

PRESENT METHOD 
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Min. 
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P .ODUCT PROCESS FLo\l CHART (CONT.) SHEET NO.3 

Manufacture of Electrical Connector PRESENT METHOD 
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Ft. INSERT (Cont.) 
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PRODUCT PROCESS FTJOVI CHART (CONT.) SHEET NO: 4 -~OCE 55: Manufacture of Electrical Connector PRESENT METHOD 

~15T. 
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DIST. 
Ft. 

. PRODUCT PROCESS PI/OW CHART (CONT.) SHEET NO.---.5.-

Manufacture or Eleotrioal Connector PRESENT METHOD 

SHELL (Cont.) 

stored at bench 
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11 .8.3.4 Data -
of P.I.C. Dimensions: 

Outside Outside D Dia.Ref. e Dia. or or B Diam. F Dia.or Size Diameter Thread D Diameter Refer. L Diam. 
0-40452 14s .8750 .8750 .802 .759 .696 (-.0072) (20NEF-2) (-.007) (/.005 ) 
0-40454 14s .8750 . 8750 .802 .759 .696 (-.0072) (20NEF-2) (-.007) (/.005) 

0-40454 14 .8750 .8750 .802 .759 .696 (-.0072) (20NEF-2) (-. 007) ( I. 005) 
0-40452 14 .8750 .8750 .802 .759 .696 ( - .0072) (20NEF-2) (-.007) (/.005) 

0-40456 .7500 .7500 .677 .634 .562 (- .0094) (20UNEF2A) (- .007) ( i..005) 

0-40456 14s .7500 .7500 .677 .634 .562 
(-.0092) (20UNEF2A) (-.007) '.t· 005) 

0-40456 16s . 8750 .8750 .802 .759 .688 
(-.0094) (20UNEF2A) (-. 007) ( t.. 00 5) 

0-40456 16 . 8750 .8750 .802 .759 .688 
(- . 0094) (20UNEF2A ) (-.007) (i.. 005 ) 

0-40454 16S 1.0000 1.0000 .927 .884 .822 
(- . 0072) (20NEF-2) (-.007) (/·005 ) 

0-40454 16 1.0000 1.0000 .927 .884 .822 
(- .0072) (20NEF-2 ) (-.007) (/.005 ) 

0-40452 16 1.0000 1.0000 .927 .884 .822 
(- . 0072) (20NEF-2) (- .007) ( 1.005) 

-40452 16S 1.0000 1.0000 .927 .884 . 822 
(/·005 ) (- .0072) (20NEF-2) (-.007) 

-40456 18 1.0000 .927 .884 .812 1.0000 (i.. 005) (-.0095) (20UNEF2A ) (-.007) 
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of P.I.C. Dimensions Continued 

E Gage Dia. 
or C Gage H Dia. or Size Diameter G Diam. M Diam. J Diam . K Diam. 

0-40452 148 .729 • 692 .702 .578 .538 ( 1.005) ( I.ol) (L·005 ) (L·005) 
0-40454 .729 .696 .702 .578 .538 (/.005) (t.Ol) ( t· 005) (L·005 ) 

14 .729 .696 .702 .578 .538 C,t. 005) ( t. 01) ( i., 005) (L·OOS) 
.729 .696 .702 .578 .538 ( /.005) (/. 01) ( i.. 005) (i.. 005) 

.604 None .609 None .538 (i.. 005) (L·oOS) 

14s .604 None .609 None .538 
(L·oOS) (L·oOS) 

16S .729 None .734 None .663 
(L· OOS) (L·OOS) 

6 16 . 729 None .734 None .663 (i.. OO, ) (L·005) 

16s . 854 .817 . 827 .703 .663 
( /. OOS) ( t. 01 ) (i..OOS) (L·OOS) 

16 .854 .817 . 827 .703 .663 
(/. 005 ) ( /. 01) ( L·OO' ) (i..OOS) 

. 854 .817 . 827 .703 .663 16 
(/.OOS) (/.OOS) ( /. 005 ) ( /. Ol) 

. 817 . 827 .703 .663 16S . 854 
(L·OOS) (i..OOS) ( /. 005) ( /. 01) 

.~9 None .788 18 . 854 None 
( • 005 ) (i.. 005 ) 



L Rad. M Diam. 
Part or or N Dia.or 
No. Size FF Had. J Diam. H Diam. P R S T V W Y -- ( t· 005 ) (l.005){ £.02) - (t.OOS) (£.005) (;Z.004) 

(-.OO2~ 

10-40452 145 .062 .609 .719 .290 .238 1.188 .594 .906 .453 .150 

10-40454 145 .062 .609 .750 .290 .238 1.188 .594 .906 .453 .1SO 
(-.0072) 

10-40 454 14 .062 .609 .750 .290 .238 1.188 .594 .906 .453 .150 
(-.0072) 

10-40 452 14 .062 .609 .719 .290 .238 1.188 .594 .906 .453 .150 

10 -40 456 14 None .578 .672 None .238 .817 None None None None 
(-.005) 

10 -40456 14S None .578 .672 None .238 .817 None None None None 
(-.005) 

10-40456 16S None .703 .797 None .300 .942 None None None None 
( - .005) 

10-40456 16 None .703 .797 None .300 .942 None None None None 
( -.005) 

10-40454 16S .062 .734 .8750 .355 .300 1.281 .641 .969 .484 .150 
(-.0072) 

10-40454 16 .062 .734 .8750 .355 .300 1.281 .641 .969 .484 .150 
(-.0072) 

:>< 
10-40452 16 .062 .734 .844 .355 .300 1.281 .641 .969 .484 .150 H 

I 
~ 

10-40452 16S .062 .734 .844 .355 .300 1.281 .641 .969 .484 .150 \.T1. 
-.J 

10-40456 18 None .828 .922 None .363 1.061 None None None None 



Part AA or BB Min EE or FF or 
o . Size Z S or S CC DD P NN GG Diam. 

( f.oi6) ( l·oOS) ( l·OOS) 
(-.000) 

10-40452 145 . 141~r .S62 .391 .S62 .698 .984 60 1.S62 

10-40454 145 .142* . 562 .391 .S62 .698 1.104 60 1.S62 

10-40454 14 . 142* .750 .625 .750 1.010 1.479 60 1.562 

10 -40 452 14 . 141* . 7S0 .62S .750 1.010 1.359 60 1.562 

10 -40 456 14 None .656 .562 None None 1.469 None None 

10 -40 456 145 None .469 . 375 None None 1.094 None None 

10 -40 456 16S None .469 .375 None None 1.094 None None 

10 -40 456 16 None .656 . 562 None None 1.469 None None 

10-40454 16S .142~" . 562 .391 • 562 .698 1.104 60 1.688 

10-40454 16 .142~" .750 .625 .750 1.010 1.479 60 1.688 

10-40452 16 .141-::- .750 .625 .750 1.010 1.359 60 1.687 

10-40452 16S .141-::- .562 .391 .562 .698 .984 60 1.687 

10-40456 18 None .656 .562 None None 1.469 None None 

>< 
H , 
~ 

* Dimension should be the same, see explanation. \J1. 
Q) 
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Determination of Avera e Tear Down - Set U Time: (Max.: 15 Hrs.) 

From 10-40452 143 to 10-40454 148: 
28 dimensions, 2 dissimilar 2/28 15 

x = 1.07 hrs. 
From 10-40454 143 to 10-40454 14: 

28 dimensions, 5 dissimilar 5/28 x 15 : 2.68 hrs. 

From 10-40454 14 to 10-40452 14: 
28 dimensions, 2 dissimilar 2/28 x 15 = 1.07 hrs. 

From 10-40452 14 to 10·40456 14: 
15 dimensions, 13 dissimilar 13/15 x 15:13.00 hrs. 

From 10-40456 14 to 10-40456 148 
15 dimensions, 3 dissimilar 3/15 x 15 : 3.00 hrs. 

From 10-40456 143 to 10·40456 16s: 
15 dimens ions, 12 diss imil ar 12/15 x 15 -:.12.00 hrs. 

From 10-40456 16s to 10-40456 16: 
15 dimensions, 3 dissimilar 3/15 x 15 = 3.00 hrs. 

From 10-40456 16 to 10-40454 16s 
28 dimensions, 26 dissimilar 26/28 x 15:13.93 hI's. 

From 10-40454 16s to 10-40454 16: 
28 dimensions, 5 dissimilar 5/28 x 15 : 2.68 hrs. 

From 10·40454 16 to 10-40452 16: 
28 dimensions, 2 dissimilar 2/28 x 15 : 1.07 hrs. 

From 10- 40452 16 0 10-40452 16s: 
28 dimensions, 5 dissimilar 5/28 x 15 = 2.68 hrs. 

From 10- 0 52 16S to 10-40456 18: 
15 dimensions, 11 dissimilar 11/15 x 15 = 11.00 hrs. 

Total Time: 67.18 

Average: 67.18 - 5 6 
12 - h;s. 
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11.8.3.5 Discussion 

Effect of Lack of Standardization. The effect of lack of stand
ardization and classification in design is clearly illustrated 
by the error noted in the 'Zt dimension in the previous tabu
lation of plug-in-connector dimensions. 

In the case of 10-40452 (any size) the thickness of 
the flange is denoted by the letter 'ZI and listed specifically 
in the table of dimensions. In the case of 10-40454, on the 
other hand, the flange thickness is not covered by a specific 
dimension even though the connector is almost identical. How
ever the thickness may be arrived at by subtracting the 
dime~sions lAA' and tZt from the dimension 'EE'. (The 'Z' in 
the latter case is different from the tZ' in 10-40452.) 

The situation outlined above is illustrated by using 
size 145 as follows: 

10-40452: 

Flange 
thickness 

AA 

z 
E 

10-40452 

11.1 (/.ol) 
• y.... (-.01) 

562 (/.016) 
• (-.000) 

.141 (i. 010 ) 

.984 (i. 010 ) 

10-40454 

EE 1.104 
Z - .400 

.704 
AA -.562 

.142 

562 (/. 016 ) 
• (-.000) 

.400 (i. OlO ) 

1.104 (.£.005) 

ion wid th Z is .141 basic or .141 (l.010) = 
Flang dim n i to .151 max • • 131 m n. 

10-40454: 
Flange width can be: 42 basic or 142 (l.031,)) 

• 1 • (-.01 

(A plus Z subtracted from EE) 

: .127 min.to 
.173 max . 
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Thus it may be seen that on almost identical connectors 
it is possible to have a variation between two acceptable flanges 
of .042 even though the normal tolerance is .01. This, of itself, 
could account for a considerable percentage of scrap and rework. 
There seems to be no reason why the flange dimension cannot be 
stabilized at .141 (l .01) for all similar connectors; and all 
designated by dimension tZt on all prints. 

The above two prints were a random selection for this 
purpose , both dated 1950, and accounted for a production of 
about 701000 in the previous 12 months in sizes 143 and 22 alone. 

11.8.4 Connectors - Proposed 

11 .8.4 .1 ~. From the IBM data the following high volume 
plug in connectors were recorded: (figures are for an eleven 
month per10d ending February 1957) 

10-35966 - 225 (machined) 43,655 : 
10-40454 - 14S (machined) 35,312 . 
10-40714 - 12S, 143 (machined) 74,482 I 
10-113488 - 11 (machined) 25,945 l 
10-123009 - 1, 2 (machined) 57,286 .-
10-113498 - 11 (machined) 58,058 ! 
10-40452 - 22, 28 (machined) 26,111 i 
10-40456 - lOS, 12S, 12, 143, 14~ 1~~' I 

16, 18, 20, 22, 2q., 2, , 243,643 / 
& 36 (machined) 

10-101902 - 8A (extruded) 

10-37157 - 22, 24, 28 (die cast) 
10-37260 - 20 22 28 (die cast) 
10-37262 - 11: 14: 16, 20, 22, 24, 

& 28 (die cas t) 
10-37266 _ 1 , 16,18, 20,)22,24, 

& 28 (die cast 
10-4008$B (d1e cast) 
10.40228B (die 0 st) ) 
10-407$0 _ 16B, 22B, 28B (die cast 
10-40751 - IlA loA 22A, 28A ) , , (die cast 

10·40752 - 11, loB, 22B, 2~~ie&c~~~) 
Total: 

28,550 

157,697 -, 
132,260 

689,577 

949,916 
162,556 

82,680 
133, 785 

581,167 

656,036 

4,138,716 

564,492 
(total machined) 

3,545,674 
(total die 
cast) 



C i BOREpCTFoSIDE 
~. \ ...,.u~""l:ilJ" r n-"'o:>;:, 1 

~rNNUAL lst TURN & CTF' o : WIRE BRUS H . DRILL & BURR 

& SIZE RE~UIREMENTS 1/54 1 #521 #711 #111 

I ~O-40454 ~4S' -H;:500 275 hours 130 hours 310 hours , 
--.-- " --'I lO~40452 22, 28 28;500 205 " 95 " 230 . 

10-40456 lOS, 12S 266,000 1170 " 2050 hours 755 n . 
12, 145, 14 , 16S, I 

16, 18, 20, 22, I 24, 28;32 & 36 

10-40714 128 , 14S 81,300 630 " 625 " 
10-35966 22B 47,500 320 Sf 475 " 170 " 
10-113498 11 6'3 , 300 245 " I 

460 " 
-- -- -- . 
TOTAL: 525~ 100 2745 w 3610 " 1150 n 540 9f 

T.D o - S.U. . 448 272 
3193 3882 

I- I 8 STAo BROACH BURR BENCH CRIDAN or W oS 0 BROWN & SHARPE 
BROACH KEY BROACH KEY BURR GENERATE THRDS o FINISH TURN & FA 

#211 #371 #27 1 #351 #531 
k= .... - --
, 10-40454 340 hours 195 hours 400 hours 520 hours 

10-40452 250 " 145 II 150 " 350 ~9 

10- 40456 1460 hours 3700 19 

10-40714 535 " 420 II 2660 tI 

-
10-35966 260 99 110 n 

10-113498 600 Vi 1170 If 

- (Op 0311) 
TOTAL~ ! 590 n 2855 Vi 870 IV 550 VI 8400 " 

. Chart 11080401=1 



BURR BENCH 8 STA. BROACH BURR BENCH BURR PIERCE SLOT BURR 
#273/271 BURR SERRATIONS #211 #272 #522 

22 
n 

n 
rs 

" 2 0 " 
n 16 It 

2 

TOTAL 1255 1 10 " 1325 n 285 It 

is assum d that total 2- hift p ant capacity is approximately 
hours. 

CI//l/?T II. g;, ;./. / -I A 
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Total number of different shells or sizes: 59 

Approximate number of shells made in one year ~n 
.L all categories: 

6,800,000 

Approximate variety of shells made in one year: 800 

Eleven months figure of 4,138,716 

12 x 4.138.716 
11 

corrected for twelve months: 

= 4,520,000 

Thus it may be seen that the figure of 4,520,000 
represents 67% of the total of 6,800,000; or that 59 types or 
sizes account for 67% of production while the remainder 
(800-59 • 741> of 741 varieties accounts for only about 33% 
of the productive output of the plug-tn-connector sheIla. 

Further analysis of the above figures indicates that 
85.8% of the high volume connector shells is accounted for by the 
die casting departD'ent which is extremely well organized, equipped, 
and standardized. At the same time only .69% of the high 
volume shells is extruded leaving the remaining 13.51%, or better 
than half a million, to be machined from bar stock. Since the 
bottleneck in the P.l.C. d~artment seemed to be in the Gridley 
schedule this latter 13.51% seemed to offer the most fertile 
field for invest igation. 

11.9 ASpraisal. The detection and evaluation of goal variance 
with su sequent communciation feedback to management and oper
ational control centers, for the initiation of corrective action 
and/or establishment of new objectives and goals. 

11.9.1 General. Within this activity should be those functions 
normally termed "control." For instance, Quality contr~it~nbad 
essence is primarily quality inspection and appraisal, h 
quality (variance from design standards) being brought t~ t e 
at tention (feedback) of management'psu~er~i~~rg~n~~~lwo~ye~:ans 
for corrective action. Similarly, ro uc ins ect'and ap-
of expediters inventory score keeping, etc.,. Pint And 
praise p rtor~ance from a time and quantity v~e~~~ian~e from 
finally, Coat Control determi nes and ap~~~~~~~ns represent 
cost performance standards. The a)bovQe lity Control is discussed 
operational pprais 1 (or control. ua 
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separately within this report, as are Production Control and 
Cost Control. In the latter case, it has been recommended 
under the manufacturing organization section to include a cost 
analysis section, external to accounting, as a functional unit 
related to, and familiar with, production operations so that 
the variances might be analyzed by detailed causes with fixing 
of responsibility. A further advantage would be that the cost 
standards themselves could be appraised. 

Above the operational level there should be, of 
necessity, an appraisal function relating not only to manufac
turing but to the plant as a whole in such matters as evaluation 
of plant objectives, economic studies pertaining to facilities, 
products, etc., interpretation of forecasts in terms of plant 
requirements and objectives, evaluation of plant performance 
in terms of the overall objectives, etc. Such a function is 
recommended as a Production Analysis section under a Planning 
Department. 

This section of the report will in general deal with 
such top level appraisal, specifically product profitability 
and plant efficiency in terms of both time and cost. 

11.9.2 Load Analysis. Due to the extremely large variety and 
complexity ot the product mix Scintilla has found it impractical 
to maintain loads by each machine-COde, or by-product, except 
in those areas that are determined to be critical. An example 
1s cited in pygmy connectors wherein load requirements were 
developed for Type PC. Standard time for each component, of 
each particular connector 1n the type, is weighted by volume 
ratio These ighted averages are then further wei~hted by 
compo~ent usage, i.e. a nut used on only one out of . ~~!~s 
1n the series would have a weight of .2. All the ~:~~n as the 
averages tor any particular machine code are then

l 
hi h 

total and load requirements are based on this va ue w c 
SCintilla designate the "mother uni ~~ for ~!~e i!C th!~m~h~o~~sk 
nectors. Th only disadvantage to t s sys oducts would be 
of applying it to 11 machine codes for all P~ocedure is recom
too compl x and unwarranted. The f~llO~~~gbllling for any period 
mended as possible way of evaluat ng 
1n immed1ate t rms or machine requirements. 

h is statistical work ~velopment Data. The basic procedure ere is iven an identi-
sampling. Each machine in each COd~ ~r~~~uenc~ is established 
fYing number. For 0 s rvation, ran 0 
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from these numbers and the m hi 
throughout a 24 hour period ~~r nesare observed for activity 
to obtain an "average productio ~s many months as are necessary 
personnel are utilized as are n universe, and as many sampling 
observations for desired accur~~~~ssary to obtain sufficient 

on Chart l~~.~~iiV!i~h~~m~li~gielements could be as indicated 
other than illust~ativ gTh has not intended that these be 

i 54 ( e. e c rt in this case is for opera 
t on code Gridley automatics). One chart would have to -
be made for each machine/operation code group Th IIp d i " 
activity element is further subdivided by productseforr~u~~e~g 
quent product volume (in number) evaluation. 

After observations are completed, each category is 
totalled, i.e. total observations of operation 54 machines 
working on any particular product such as connectors pygmy 
Each of these is then di vlded by the total observati~ns in the 
code group to determine activity classification percentages 
or utilization factors. Then multiply each of the product ' 
percentages by 24ND, where N is the number of machines in the 
particular code group and D is the number of days the sampling 
was conduced. This figure will give the number of direct machine 
hours used by each product element in the code group, during 
the period, for productive output. 

Concurrently during the observation period the number 
of processed uni ts must be established. Since the average over
all fabricating time of all products is around 3 months, about 
one third of the contracts will be two thirds of the way through 
their production cycle, one third will be one third of the way 
through, and one third will have been issued, during the first 
month of sampling. Assuming a five month sampling period, those 
contracts issued the first month of sampling will complete 
fabrication in the third month, finish assembly and shipment in 
the tourth. To ensure that the production volume average covers 
the period re resented by the sampling: assume sampling is 
started 1 January and continued through May. Total shipments, 
by-products, should then be tabulated for February through June. 
Then, "mother uni til times can be developed. Total hours use? 
by each product on each machine code is known from the sam?11ng. 
Total units of each product processed is known from the Sh1 PPi/ng 
data tabul tion. DivIding the first by the second gives hours 
units, and multiplying by 100 gives hours/100 units. 

Wi th 11 th r uni til hours per 100 uni ts thus developed 
mo e d load sheet can be made 

for each product tor each machine co e, a 
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up such as the sample shown on Chart 11.9.2~2, which shows by 
shifts and machine codes the number of productive hours available 
for any period ft and with standard hours/100 indicated after each 
product . The 'available hours" are determined by multiplying 
the number of machines by total shift hours available in the 
period and further mul tiplying by "working time" percentage 
utilization as determined from initial sampling. In general 
those activity class1fications considered as "working utiliza
tion" would be those ti tled: producing, opera tor absent (work 
hour) , idle (setup/teardown), idle (no material), idle (no job 
assigned), idle (no operator assigned), and idle (no shift 
assignment). Of cour~e, these would have to be considered in 
relative detail to determine which elements are inclusive or 
exclusive of being available for productive usage. A total of 
these percentages gives percent of productive time available on 
the machines . These totals are entered on the bottom of the 
load sbeet for each machine code group. 

Use. Any forecast, as provided by Sales in terms of volume (in 
numbers, not dollars) of each product, can be analyzed in terms 
of plant load. This volume, in hundreds of units, is then 
multiplied by its standard hours/100 mother unit time in each 
machine code and entered on the appropriate sheet. All product 
times are then totalled to determine the hours required for the 
period . These are compared with hours available. Decisions 
can on the bas is of this comparison, be made as to second and 
thi~d shif requirements, subcontracting requirements, new 
machine requirements, etc. 

Also from the initial activity classification per-
centages analy~is can be made, and planning data developed, _ 
for suob things as setup/teardown requirements, machine utiliza 
tion, maintenance reqUirements, etc, Asfa ~atte~no~cf~~~li~~; 
Could be used to determine a few of the ac ors tion lan-
machine efficienoy factors presently used for mobiliza p 
ning. This tormul is as follows: 

Machine Efficiency = 
Std. Ti 

Std. lme: 

S tup: 

x Idle % x Contin enc 
Type of Process. 

The normal corrected standard hour. 

f r tool and machine 
Th normal time 0 the first acceptable 
adjustment to prog~~: includes the neces
piece producedo t of tools blueprints, 
aary procuremen t fr~m tool crib or 
fixtures, gageslt~i~'the department, 
bin locations w 
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Rework/Scrap: 

Idle Time: 

Contingency: 
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Allow for the time consumed to make 
and correct if possible faulty work. 

To allow for normal incidences such 
as: Machine repair 

Resetting of tools 
Sharpening of tools 
Department to department trans
portation of material. 
Power stoppage 
Line production unbalances 

To allow for sundry abnormal work 
stoppage. 

Bonus Earnings: To balance load for normal incentive 
opportunity realized by those operators 
who come under the incentive plan. 

These machine efficiency factors and their elements 
vary from .90 to 1.80 and are listed by machine code on Chart 
11.2.1-4. From these factors production time required over a 
unit is obtained by multiplying the standard hours/100 by the 
efficiency factor. 

ith data determined from the sampling analysis these 
efficiency factors could be established easily and would aid in 
such things as machine loading a particular work station where 
a critical production bottleneck exists. 

Notes 

1. 

2. 

3. 

4. 

The m chine-code groups may be such that individual machines 
should be sampled inste d of the group, such as the 125 ton 
punch press. 

If considered more practical, the sampling breakdown could 
be by department rather than machine code group. 

A similar tudy could be made of manpower, on which sub
sequent planning and manpower requirements could be based. 

After th data is developed it could probably be exped
itiously utiliz d on data processing equipment. 
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5. The basio data would probably be quite stable. That is, 
only major processing changes, major changes of mother 
unit requirements for any particular product, or major 
ohanges in the product mix of a product category would 
adversely affect the accuracy of the established data. 

6. If detailed sequential scheduling, dispatching, progressing, 
more supervision, and tighter work standards are adopted, 
as recommended in preceding seotions, then setup/teardown 
time, material handling, etc., might be subsequently 
reduced to affect 1\ producti ve II time utilization. Such 
factors would have to be considered. 

11.9.3 Product ProfitabilitZ. One of the primary decisions 
management must make is what product, or products should the 
plant produce ith facilities available (or anticipated) and 
how, where, and when to make them. The criteria as to what to 
make is whether the product will contribute reasonable earnings 
and which product will contr ibute the most. The earning con
tribution, herein called IIprofi t potential, 11 is that margin 
remaining after variable (plant) costs have been subtracted 
from the sale price. This margin then goes to absorbing fixed 
costs and providing marginal profit. Since fixed (establish
ment) costs are relatively unaffected by the product they 
should not be a part of the product cost at this decision 
stage, since they must be arbitrarily allocated. The question 
must be, which product contributes the greatest unit amount 
to ard paying these fixed establishment costs over and above 
the out-of-pocket expenses. 

For an analysis of product profitability the tech
nique of the profit/volume ll graph was used. Annual total 
direct variabl costs for each product were subtracted from 
the est1ma ed nnual sales volume to give profit pote~tial 

i Idl thi fi~ure by the sales volume glves a 
~:~i~e~~ile~ :proift/vo~umerr, which relat~~ ~;r~i~~~tt~a~~;~e. 
Fu.r hel', ince plant capacity is la bfun~t;r is a ratio indicating 
the profit po ential per direct ai~r w~th available manpower. 
for each product the earning catPiac hI s is provided on Chart 
A tabula ion of the above rela ons P 
11.9.3-1. 

11.9.3-2. 
ther is 
This p01n 

i f ther graphed on Chart 
Th tabulated data s urn that at zero sales volume 

From this, it can be see fixed establishment costs. 
n annual loss equal to th~it/volume line crosses the 

1 here the average pro 



Annual Dir 
Product Category Labor w/o 

Allowances 

Electrical Connectors 1,330,000 

Harnesses,Leads,Cable Assy 655,000 

Jet Ignition Equip & Plugs 758,000 

Spares,Tools, ervice Repair 390,000 

Ind,Ord,Auto, & Mags 635 ,000 

ircraft gnetos 

Fuel Inject10n Un1ts 

Co1ls,Sw1tches,F1lters 

Ign1t1on Analyzers & Equ1p 

Miscellaneous 

475,000 

480,000 

300 ,000 

50 ,000 

375,000 

Annual I:1.r 
Labor with 
Allowances 

2,035,000 

1,000 , 0 0 

1,160,000 

600 , 000 

70,000 

725,000 

735,000 

460,000 

75,000 

590,000 

.Allnual 
D1rect 
Material 

2,022,000 

1,700,000 

1,720 000 

1 350,000 

1,210,000 

654 ,000 

213 ,000 

750,000 

174 , 000 

640,000 

Annual Dir 
Mac h&:Equip 
Includ1ng 
Gov Rent 

118,000 

o 

4 ,000 

45 000 

7 , 000 

32,000 

35,000 

31,000 

2,000 

36,000 

TOTALS $5,450,000 $8,350,000 $10,720,000 $503,000 

Pro!'1t Potential equals Sale Price less Direct Cost. 

Pro!'1 t Volume equals Profit Potential Divided by Sale Price 

Tntal Annual Costs & Expenses estimated at $38,000,000. 

Annual Fixed Costs & Expenses equal Total less Direct equal 
$38,000,000-$19,573,000 equals $18,427,000 (i.:;tab1:..sh.Ddnt: C<..st) 

Note: See paragraph 11.1.2 regarding the authenticity o~ the above data. 

Total 
Annual Dir 
Costs 

4,175,000 

2,8 0,000 

2 ,929,000 

1,995,000 

2 ,255,000 

1,411,000 

983,000 

1,241,000 

251,000 

1,266,000 

Annual 
Sale 
Volume 

9,000,0 0 

6,500,000 

6,500,000 

5,000,000 

4,000,000 

3,500,000 

2,500,00 

2,500,000 

500,000 

2 ,200,000 

Profit 
Potential 
Per Year 

4,825,000 

3,700,000 

,571,000 

,005,000 

1,745 000 

2,089,000 

1,517 000 

1,259,000 

249,000 

934 ,000 

$19,573,000 $42,200,000 $22,894,000 

Pro!'! t 
Volume 
Percent 

.536 

.569 

.549 

.605 

. 436 

.598 

. 606 

.503 

.499 

.431 

. 543 

Pro!'! t 
Potential 
Per D.L. 
Dollar 

2.38 

3.70 

3 . 07 

5.01 

1.80 

2 .88 

2 . 06 

2 .73 

3 .32 

1.62 
-~ . 
2 .74 

--
Chart 11.9;3-1 
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ordinate. At present sales volume, all fixed costs have been 
absorbed by earnings leaving a marginal profit as indicated. 
To canplement the average profi t/volume line, each product has 
been plotted individually. Note that the most desirable con
dition is a steep P/V ratio (slope). The higher the ratio 
the faster the fixed costs are absorbed. In the present man
ufacturing product mix at Scintilla, Fuel Injection Units 
appear to be the most favorable product, earning-rate wise, 
followed by harnesses-leads-cable assemblies. Fuel injection 
units are also a favorable commercial product in attempting 
to gain independence from government contracting. This 
product then appears to warrant being "pushed." 

With regard to electrical connectors which provide 
the highest total earning contribution, it should be noted 
that both profit/volume and profit potential are relatively 
low indicating slow earning rates. Since they are the highest 
earning product, indicating salability, effort should be made 
to reduce direct costs (better methods, less Scrap and rework, 
etc.) so as to improve earning capacity of this line of products. 
At present, harnesses-leads-cable assemblies are the most 
favorable manufacturing product line as to profit potential 
per direct labor hour, followed by Ignition Analyzers. Con
versely, Industrial, Ordnance, Auto, and H Magnetos have a 
very 10 profit/volume ratio in addition to a very low profit 
potential per direct labor hour. The recommendation here 
would be to maintain this product category only at present 
levels for existing customer requirements, but to not attempt 
expansion. Any expansion of manufacturing ou~put should be 
in the direction of products with higher earnIng rates, partic
ularly if there is competition between the products for pro
ductive capacity_ 

A further analysis to be made from the prOfit/volume 
graph is the break-even point. This is the sales volume, at 
the present product mix, where earnings and fixed costs ~re 
equal. This represents the sales volume that mus~ be rna n- If 
tained at the mnimurn to prevent an annual operatmg ~o~s. 1 
the break-ev n sales volume 1s subtracted f:o~dt~ebtot~ta~a es 
VOlume at pres nt and this figure 1s th~n dl ~~ ~f s!curity. II 
sales, we have an effective measure of Marg 

The use of such a management analysi: t is r~~~c~:t~~
mination of optimum conditions relatingdto~sW~equlre emphasiS 
make, what products to "push," what pro UC e should be the 
in reducing direct costs, what salhes ~o~~ plant capacity 
company's objective, how much of teo a 
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(i.e. three shift) to utilize, what expansion of facilities 
(fixed costs) would be justified economically, from a total 
profit aspect, to gain more capacity, what maximum sales 
volume could be realized, what product mix is most advantageous etc. , 

11.9.4 Plant Efficiency 

General. The efficiency of any industrial enterprise is a 
measure of customer contentment as portrayed in Figure 1 of 
Chart 11.1.2Tl. This group was not ab Ie, to measure cus tomer 
content directly yet it is possible to state that, in general, 
Scintilla must be satisfying her customers for sales are on 
the up-swing and she is in a favorable profit position. This 
evidence is not conclusive however, for what is or should be 
the upper limit? It can be safely assumed that complete cus
tomer satisfaction would approach a monopoly situation. Since 
Scintilla does have competitors, it can be assumed that in 
some respects her competitors are filling customer needs 
better than she and her own satisfaction-giving must be some
what less than 100%. Typical Scintilla indicators are the 
percentage of late deliveries, 21.8% (Chart 11.8.2.3-5), the 
percentage of product warranty claims against the company 
Which were not evaluated, percentage of actual manufacturing 
time required versus total time taken to fill the order, 5.4% 
for connectors (Chart 11.9.4.1-1) indirectly depriving the 
customer of the fastest possible delivery time, and the percent 
of total costs that are non-reducible productive costs, 36%, 
(Chart 11.9.4.2-4) indirectly depriving the customer of lowest 
Possible cost. 

Another approach to determining Scintillats contri
bution to the supply-demand function would be to analyze her 
regarding her sales position relative to other suppliers. 
This the group as not able to do. 

Regardless of the approach, consumer satis~action 
manifests itself in the profitability of the enterprlse, ~n 
aspect that 1s relatively easy to me~~ehOwR:;~Ir~~~n~~~l~ 
to Chart 11.1.2-1, Figure 2, we see . rofit via 
Uses h I' system elements ultimate~Yt~es~;i~el~h~ customer 
cost, tim, quality, quantitYbiantioneof these criteria. Now, 
1s w11lin to pay for the com na se elements is of little 
how Scintilla ohooses to combinedt~~s basic stated specifications 
1nter s to th CUB t01'l1 r provide bina ti on of two functions. 
are m t. Thus fflciency is a com 
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First, the external efficien 
specification was met (the w~!tmeasuring how well the order 
and second the internal effici ' when, how much and how many), 
was generated ithin the syste:nc~tmeasuri~g how much profit 
criteria. The customer ex ect ~ er meetlng the customer 
if Scintilla provides lIext~a" ~ tOi~e charged for what he gets; 
tion and is not compensated a c~r~aie ~ftthe stated specifica-
is introduced. An exam le n .n ernal inefficiency 
on items that are not s~ sp:~~i1 ~e m~lntenance of high quality 
tomerspecificat10n allows sa 6e • onversely, if the cus-
only two months processin y months on a~ order that requires 
to Scintilla that i g, certain cost savlngs are available 
ff t t 

mproves their internal efficiency with no 
e ec on cus omer relations. 

This study group attempted to analyze Scintilla from 
two viewpoints in this respect; time efficiency and cost effi
ciency hich reflect both external and internal relationships 
Quality efficiency aspects are discussed in the Quality Contr~l 
chapter of this report, and Quantity aspects of efficiency are 
inherent in the time relationships. 

11.9.4.1 Time Efficienc~. (Refer to Chart 11.9.4.1-1) As 
stated above the tIme ef iciency for connectors was 5.4%. Too 
lit tle time was ava ilable to study more than one product, hence 
this ill have to be considered representative. (Chart 
11.9.4.1-Al provides a data summary from which this efficiency 
was computed.) The percentage means in effect that of the 
total time taken to process the average customer order for 
connectors (order receipt to shipping date) only 5.4% of this 
time was theoretically required for productive manufacture. 
The rema inder of the time was consumed by administra ti ve time 
1n sales, planning, procurement, and engineering, and by man
ufacturing delay time (including time the work was sitting in 
tote boxes, storerooms, etc., and the time lost while the work 
was on a machine or assembly work station with the operators 
not performing to capacity). In one sense the figure 5.4% is 
too hi h, since productive time required was based on present 
work standards which are functions of work methods, workplace 
layout incentlve ages machine facilities and tools, etc. 
all of'which represent ~ossible reductions in time required. 
These matters are discussed elsewhere. 

The time taken in Sales and Engineering is relatively 
ins1gnifl0 n nd the balance of the time taken for the Plan-
nln , Procur ~en on-Produdtive (fixed), and Non-Productive 
(variabl ) i c ntrollable to a large degree by manufacturing 
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1. 
2. 
3. 
4. 
5. 
6. 

7. 
8. 
9. 

10. 
11 . 
12. 
13 . 

14. 
15. 

16. 

17 . 
18 . 
19. 

20 . 
21 . 
22 . 

23 . 

DATA SUMMARY: 
AVERAGE ORDER PROCESSING TIME 

FOR ELECTRICAL CONNECTORS 

Total mean time equals 3.44 months equals 103 days. 
Mean lot size equals 2200 pieces. 
Mean assembled pieces per day equals 27,100. 
Required component fabricating time per lot equals 3.7 days. 
Actual component fabricating tdme per lot equals 31.13 days. 
Non-productive component fabricating time: 

31.1 - 3.7 ~ 27.4 days. 
Required inspection time equals 1 day. 
Actual jnapection time equals 5.5 days. 
Non-prod~ctive inspection time: 5.5 ~ 1 = 4.5 days. 
Required assemb_y time equals .84 days. 
Actual assembly time equals 5.86 days. 
Non-produoti¥e assembly time: 50 86 - 084 = 5.02 days. 
Total Productive manufacturing time: 

3.7 • l ~ O + .84 = 5054 days. 
Total Non-productive manufacturing time : 

27.4 + 4c5 + 5.0 = 36.9 days. 
Variable Non-productive manufacturing time (delay during 
work): 5c54 

.80 productivity - 5.54 ~ 1.38 days. 
Fixed Non-producti~e manufacturing time (delay on the 
floor): 36 1 9 - 1.38 = 35.5 days. 
Mean time in engineering equals 60 4 days. 
Mean time in sales equals 4.8 days. 
Mean time 1n planning and procu~ement: 

103 - (5 . 5 + 1.4 + 35.5 + 40 8 + 6.4) = 49.4 days. 
Mean shipment time is .45 months behind schedule. 
Mean promised delivery date is missed 38.8% of the time. 
Me~~ assembly work order is released to the floor after 
soheduled delivery date 22.3% of the time. 
Mean promised delivery lead time: 

3.44 - .45 = 3.0 months. 

Chart 11.9.4.1-A1 
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management, except where restricted by policies of h' h 
management. Admittedly the ratio of th d ti 19 er 
f t i ti e pro uc ve manu-
ac ur ng me could never reach 100%. In fact little re

search has been conducted on this subject and nation wide 
averages are not available for comparison Ho 't 
th t th 

• wever, 1 seems 
a e case in point falls short of a "desirable" ti 

efficiency. me 

Fixed Non-Productive Manufacturing Time is "fixed" 
only in the sense that it does not vary with volume. This 
stems from the fact, for instance, that a tote box will sit 
idle for a certain number of days relatively independent of 
the number of pieces in it. Fixed does not mean non-reducible. 
In fact, the purpose of the illustration-r5 to point to the 
relative significance of this time element (35.5 days, or 
34.4%) as an indication that different scheduling and progres
sing procedures should possibly be adopted to get the work 
through the system faster. In addition to the undesirable 
delay time element, the 35.5 days represents that much more 
in-process inventory. 

Planning and procurement time (49.4 days, or 48%) 
is that time consumed by admlnistrative procedures and poli
cies ithin the anufacturing Department. It may be actual 
Production Planning time before the contract is issued, it 
may be tool planning, or it may be actually waiting for 
necessary materlal to be procured due to a not-in-raw-stock 
situation created by current inventory policy. This detail 
breakdown as not evaluated, but in total it is very signi
ficant as the amount of total time taken before the contract 
ever reaches the floor for production. It should be noted too 
that the 49.4 days cited is an avera~ figure, not the,maximuml 
The indication is inadequate pre-planning and forecast1ng of 
trends and relative inflexibility in handling month to month 
and day to day variations within the trends. 
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11.9.4.2 Cost Efficiency 

Summary: Inferred Annual Costs (See Paragraph 11.1.2) 

Material 

A. Direct Material as per Chart 11.9.3-1 
B. Supplies 
C. Maintenance 
D. Research & Engineering 

Work 

A. Direct Labor as per Chart 11.2.2-2 
B. Indirect Labor as per Chart 11.2.2-1 

achine and Eguipment 

A. DepreCiation Scintilla owned mach/equip. 
B. Depreciation government owned mach/equip. 
c. IB data processing equipment rental 
D. Material Handling equipment depreciation 

Facilities 

A. Facility (excluding mach/equip.) depreciation 
B. Utilities 
C. Taxes and Insurance 

Miscellaneous 

Productivity Factors 

$10,720,000 
300,000 
345,000 
500,000 

$11,865,000 

$ 8,350,000 
11,530,000 

$19,880,000 

$ 455,000 
430,000 

65,000 
10,000 

$ 960,000 

$ 400,000 
290,000 

--.b.000,000 
$ 1,690,000 

$ 3,605,000 
$38,000,000 

A. 
B. 

Direct labor utilization as per Chart 11.8.2.1-1 
aahine and equip. utilization as per Char

8
t 

11. .2.1-1 

C. Floor space allocation as per chart 11.2.1-1 



Activity Cost Analysis 

I. Administrative 

a. 
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b. 

Indirect labor departments 1 14 72 
73.74,82,94 and 95. ' " $ 

Direct labor (2.5% paper work utilization) 
725,000 
215,000 

c. 
d. 

Total Work Cost $ 
Facilities (3% of floor space). 
~a terial (all supplies) 

940,000 
50,000 

300,000 

II. Installation, Maintenance, Adjustment and 
Support or Facilities 

a. 

b. 

c. 

d. 
e. 

Indirect labor departments 4, 10, 11, 
12 and 15 

Direct Labor; 2.3% (Machine Trouble) 
1.1% (Tool Trouble) 

Total Work Cost 
achine and Equipment: 3.9% (Maintenance) 

4el% (Tool Adjust.) 
Facilities: (7.1% of floor space) 
aterial 

III. Research & Engineering 

a. 
b. 
c. 

Indirect labor departments 8, 9, 90, 91,92 
Facilities (12.7% of floor space) 
aterial 

IV. Sales & Service 

a. 
b. 

Indir ct labor departments 80, 83, 87, 88 
Facilities (3.3% of floor space) 

V. Pl nnins 

a. 
b. 

Indirect labor departments 2, 5, 6, 17, 75 
F cil1tles (8% of floor space) 

$ 1,290,000 

$ 1,380,000 

280,000 
$ 1,660,000 

70,000 
120,000 
345,000 

$ 2,195,000 

$ 2,940,000 
215,000 
500,000 

$ 3,655,000 

$ 1,170,000 
55,000 

$ 1,225,000 

$ 1,040,000 
135,00~ 

$ 1,175,000 
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VI. Control 

a. Indirect labor departments 3,70,98,99,100 $ 2,920,000 b. Direct labor: 1.1% inspection of product 
2.7% studying prints 
2.7% being instructed 
3.6% inspecting own work 8~0!000 

Total Work Cost $ 3,750,000 c. achine and equip.: IBM rental 65,000 
1. 3% ins)e cti on 10,000 

d. Facilities (8% of floor space 1~2z000 
$ 3,960,000 

VII . ateria1 Handling 

a. Indirect labor departments 7,13,16,18,81 $ 1,360,000 
b. Direct labor: 4.0% material handling 

1.1% counting ~20o!OOO 
Total Work Cost $ 1,720,000 

c. achine & equip.: (4.9% out of material) 45,000 
Handling equip depreciation 10,000 

Total mach & equip $ 55,000 
d. Facilities (16% of floor space) 270,000 

$ 2,105,000 

VIII. 

a. Direct labor: 1~.2% personal time 
$ 1,750,000 .9% waiting for machine 

b. achine & equip.: 7.2% not assigned 
115,000 5.6% no operator 

c. Facilities (6 . 5% of floor space) 110,000 

$ 1,975,000 

IX. on-Productive Work 

a. Direct labor: 5.6% setup and teardown $ 1,090,000 7.4% scrap and rework 
b . schine equip.: 33.6% setup and teardown 345,000 5 . 5% scrap and rework 320,000 
c. Facilities (19% of floor space) scrap) It382z000 
d. aterlal {6% ork scrap, 7% reject 

$ 3,140,000 



X. Productive Work 

XI. 

a. 
b. 
c. 
d. 

Direct labor 45.1% 
Machine and equipment 33 8% 
Facili.ties (11% of floor • 0 ) 

Material 87% space 

Miscellaneous 

Advertising, Sales Expense, Home Off 
Transportation Equipment, etc. ice, 
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$ 3,770,000 
300,000 
280,000 

= 9,335,000 
$13,685,000 

$ 3,605,000 

$38,000,000 
This data is further tabulated on Chart 11.9.4.2-4 

and graphed as follows: 

Chart 11.9·4.2-1 Work Efficiency (Costs), representing 
Labor Cost application. 

Chart 11.9.4.2-2 Facilities, EqUipment, and Machine Efficiency 
{Costs), representing capital investment 
cost application. 

Chart 11.9.4.2-3 Productive Efficiency (Total Costs), repre
senting a combination of the two charts 
above and further including material cost 
application. 

Productive Costs are defined earlier in the manufac
turing section represent useful output and are those non
reducible costs of Ina terial present in a given end product of 
the conv rs 10n process together with the man and machine 
evaluated costs directly applied as useful work on it. 

The measure of Productive Efficiency is the ratio 
of these costs to the total costs generated in the system, 
in this case 36%. This, however, is the total efficiency. 
Work efficiency is only 19%, and Facility efficiency is only 
21.9%. Only by considering material usage do we get the total 
productiv effic1ency of 36%. Of the producti~e costs it is 
cons1dered hat the Facility, Machine, and Equ1pment costs 
of 580 000 ar insignificant relative to the prime costs of 
Labor ( ),770,000) and Material ($9,335,000), and since 
ater 1 has a h1gh efficiency factor it follows that manage

m nt hould operate on reducing labor costs and improving work 
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SUMMARY: INFERRED ANNUAL COSTS 

TABULATION 

ACTIVITY CENTER - MACHINE & 
rYPE COST LABOR EQUIPMENT FACILITIES MATERIAL TOTAL 

~dmin. _l 9J1.0~ 000 • $ 50.000 $ 300.000 1$ 1~2909000 insta11,Maint. 
1-L660-L000 dj • • Support 70.000 120 9 000 345.000 29 1959 000 

Research and -
lEndneerln~ 2.940~000 215~000 500.000 39655§000 
Sales and 

1.170.000 55~ooo 1;225;000 ~ervice 
Dlannin~ 1.040.000 135n OOO 1,175;OOU 
rontro1 3.750.000 75.000 135 9000 J,ljbU,OOQ 
~terla1 

1.780.000 55.000 270.000 2;105;000 Handling 
on-Work 11 720--,-000 115.000 110,000 119~000 
~on-Produ c t i va 

1.090.000 345.000 320.000 L385.000 3.140 000 Work 
reductive , , 

work 2.ll0.000 300,,000 280~000 9.335.000 139685~000 
lsc. ~ 6ot:;' ooo 
otal 1'19,660,000 1960,000 $1 9 690,000 1$11,865,000 $38,000,OOQ 

Chart 11.9.4.2-4 
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efficiency. It 1s interesting to note that the productive costs 
are those tha t the customer would be grateful to pay. However, 
he must grudgingly pay the balance plus some markup, and these 
are a direct source of customer dissatisfaction. 

It is felt that the computed factors are conserva
tive . For instance, material handling for direct labor was 
taken only as tha t percentage an opera tor was away from the 
machine engaged in moving or otherwise handling rna terial. 
Hidden in the productive direct labor is all the material hand
ling where the operator may have been at the machine producing 
but continuously handling material in loading, unloading, 
reaching. transferring, etc. These activities are part of the 
time standards and the prescribed work method. However, it 
must be remembered that direct labor is justifiable for one 
purpose only. that of naking the product, or "cutting chips." 
Every time a orker reaches for a piece two inefficiencies 
occur . (1) the wages he 1s paid during that time and (2) the 
productivity (capacity) that is lost. More methods study as 
related to people and as discussed under other headings would 
minimize much of this apparent activity. 

Control Costs amount to $3,960,000, 10.4% of total. 
This percentage does not seem particularly high but there are 
t 0 possIbilities: 

1. It is too high for the amount of control obtained, i.e. 
the high ~ of scrap and rework, the number and length of 
time orders are behind schedule, the value of in-pr~cess 
inventory. low machine utilization, low manpower ut11ization, 
low labor productivity. etc. 

2. It is too low, which results in the characteristics described 
in the above paragraph. 

It is suggested that this problem be closely studied 
t i policy &tuned to the with a view to ard evolving the op mum t a 

objectives of the parent company. Planning Costs presen 
similar analysis and problem. 

k Cos ts are those costs directly Non-Productive Wor t t Some 
t r esult in useful ou pu • applied and paid for but do no t i this t always be presen n portion of h total costs mus and teardown requirements, 

category. There ill always be se~U~ework, etc. To realize 
there will 1 ays be some scraPfia~ with the present level is 
this is one hing. to be satis e 
quite not rj i. • 3,140,000 . 
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Non-Work (but paid for) costs are discussed at 
length in sections 11.8 and 11.6. Suffice it to say that 
these costs are complete (though partly unavoidable) waste 
It should be noted too that these costs were only evaluated 
for d trect lab or. If an analysis was extended to departments 
other than manufacturing, this cost category would be con
siderably higher. 

Burden Efficiency Variance Cost. Scintilla allocates costs to 
products via a rate based on a certain percent of direct labor 
dollars expended. If direct labor dollars actually spent per 
account1ng per10d matches the predicted, overhead will be fully 
absorbed by the products manufactured . An over or under 
variance in direct labor dollars spent results in an over or 
under absorbed overhead. The direct labor dollars spent is 
a function of these items: 

1 . 

2. 

The total number comprising the direct labor force, for 
once hired the person is paid, either on day rate or 
incentive. 

The number of the direct labor workers on incentive and 
their producti vi ty. With enough work to 1tkeep everyone 
busy" at nOl'J1lal effort 90% of the time productivity would 
be lOO~ (see section 11.8.2.2 for discussion and definitions). 
With either too little work or too many workers, productivity 
must suffer. 

Productivity of Scintilla incentive workers is 80%. 
To be conservative the productivity of the day-rate w~rkers will 
be ass~ed at this same level. Burden Efficiency Varlance can 
then be computed: 

Dir .Labor 1 Spent - Dir . Labor $ Required x Burden Rate x Dir.Labor 
Dir. Labor. Spent $ Spent. 

A burden rate of 220% per direct labor dollar will b) 
estimat d. Direct labor dollars s~ent (not including allowances 
was 5,450,000 (see Chart 11 . 9.)-1). 

Burden Eft . V rlance : 

15,450,000 - 15,450,000 x . 80 
5,450,000 

x 220% x $5,450,000 = $2,400 ,000 
annually. 

eff1cien 
Thl 

ut liz 
r pr sents the overhead cost wasted from in

ion of the plant . 
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11.10 Summary of Recommendations 

1. Organization 

2. 

3. 

(a) Modify eXisting organizational structure as outlined 
in section 11.3 and as justified throughout the re
maining sections. 

Re-Ali~n Cost Centers along supervisory and departmental 
lines 0 firmy fix responsibility for incurring costs. 

Manufacturi~ Classification. Develop a manufacturing 
ctassiflcat~n system, combined if possible with a product 
classification system, that would achieve consistent identity 
of manufacturing similarity characteristics. 

Corollary: 
Standardization. Achieve manufacturing standardization in 
so far as possible, in conjunction with product standardiza
tion, by isolating and emphasizing the similarities disclosed 
by the classification system in order to achieve the most 
economic production. 

(See Variety Reduction by Simplification, Standardization, 
Specialization; two papers by Professor Harold W. Martin 
published by The British Standards Institution and the 
Institution of Production Engineers; 1956.) 

4. Production Line Technigues 

(a) 

(b) 

Segregate high volume production from low volume within 
the various product categories to facilitate production 
line techniques on the high volume items. The Chief 
Plann r should keep a continuous watch on these para-
meters. 

Analyz products with regard to summation of st~ndard 
hours to make" if equal, or nearly so, to the t~me 
available in ~nnual or otherwise acceptable periods over 
individual or grouped productive units, then or~anize 
those units into a continuous flow production l~ne't 
This relates to single departments, ~~ ~fs~~~;ef~:n 
dep rtl'll nts are similairlY ~~l~~~:~~ed ~perations into 
feasibility of combin ng !--
a sin Ie product line. 



5. 

( c ) 

(d) 

(e) 

(f) 
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Appraise quality concept t' to appearance 00 1 ~, par lcularly with respect 
justified as to t~e freJec~ion criteria is really 

e productlon difficulties encountered. 

tl~I~i~~t;~~e~:~~~:ean~ ~ther specifications that now 
fi lti 0 ncreased manufacturing dif-

th
CUb eSl to determine if really justified or if mere 
um ru e criteria. 

Combine auto-mated machines in Department 48 1nt 
single producing Unit. 0 a 

Increase the use of transfer mechanisms and other 
material handling devices and concepts to eliminate 
the present hand methods now employed throughout the 
plant. 

Scheduling, Dishatching , Progressing. Give serious con
sIderation to t e future adoption of a detail scheduling 
sy.atem implemented by Central Scheduling, Decentralized 
Dispatching, and CDntinuous Progressing. 

(a) 

(b) 

{c} 

(d) 

(e) 

(f) 

(g) 

(h) 

Provide for dispatching of production contracts. 

Assign production contract starting and ending dates 
in any given department. 

Provide for sequencing of contracts over machines in 
the order of part priority and/or similarity to promote 
maximum manufacturing efficiency. 

Provide for the directed movement of materials between 
manufacturing departments in a preplanned manner. 

Provide acoountability of material as it moves from 
department to department or dispatcher to dispatcher. 

Relieve supervision of some planning, scheduling, 
organizing and administrative duties to enable con
centration on product quality, product quantity, and 
personnel supervision and training. 

Provide for the availability of tools ~o the operator 
and/or set up man before actually requlred. 

Provide for insuring that material is available before 
a contraot is dispatched. 



(i) 

( j ) 

(k) 

(In ) 

(n) 

(0) 

(p) 

(q) 

(r) 
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Incorporate a "cha 1" tbr nne ough which emergency jobs 
can flow without disturbing orderly schedule progress. 

Assign men to production departments to report on 
progress of all departmental work. 

Retain small, well coordinated product groups in the 
scheduling and control offices with similar duties 
to those presently being performed. 

Establish a Sales Liaison man to improve production 
response to customer requirements. 

Prepare schedules (such as Monthly Shortage Analysis) 
that cover all current production and that Production 
Control direct their efforts over the total work which 
is currently scheduled rather than just over assembly 
and pre-assembly work. 

It is recommended that production control and scheduling 
be based on "make spans" and automatic control be exer
cised through the development and use of "optimum de
cision rules" similar to the system being developed 
by the Ramo-Wooldridge Corporation. 

Modify Production Control progress reports (Daily 
Shortage Reports) to cover!11 current production, 
not just work on parts required for spares and next 
Inonths assembly schedule, so that production troubles 
are detected at the time they first occur. 

Establish a manufacturing priority system to ensure 
that appropriate products receive the proper attention 
throughout their movement through the plant. 

Let the recommended planning department develop delivery 
date promises and thus better coordinate load input 
onto plant capacity. 

Institute procedures wherein the recommen~ed P~Oduction 
t utilizes the standard tlmes or 

scheduling sys em 1 d by the Industrial Engineering 
manufacturing deve ope 'n liew of the one month 
section for planning purposes 1 

delay-float procedure now used. 
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6. Product Profitability. Adopt the techniques of the Profit! 
Volume ratios and Profit Potential to provide a basis for 
making decisions regarding which products to emphasize in 
Sales, Cost Reduction, Price Changes, Facility Expansion, 
etc. Report data, developed from inferred estimates of 
the study group, tended to show that: 

(a) 

(b) 

(c) 

(d) 

Direct costs of electrical connectors should receive 
added emphasis toward reduction since their profit! 
volume and profit potential per direct labor dollar 
are relatively, low, indicating a relatively low 
earning rate even though total earnings of this pro
duct group exceed any other. 

Magnetos of the industrial, ordnance, and auto vari
eties should possibly be eliminated except as a con
tinuing service to existing customers, for customer 
good-will, since both profit!volume and profit poten
tial per direct labor dollar are very low. 

Sales of harnesses-Ieads-cable assemblies should be 
"pushed" and production expanded since these assem
blies pr~ve the most favorable profit potential per 
direct labor hour. 

Excess capacity should be applied to the more favorable 
product. 

7. In-Process Inventory 

8. 

(a) 

(b) 

Provide for adequate delegation of individual respon~h 
sibility toward providing information as ~o the g~ow ) 
value and cost of in-process inventory (In,tote boxes 

, di wa s to reduce these fIndings. 
and for recoromen ng y ibility be assigned It is recommended tha t this respons 
the Planning Department. 

f a management consulting firm to 
Obtain the help 0 t of in-process inventory, 
determine the oPtimumtam~~~d of performance to which 
and let this be the s an d nform 
the Manufacturing Department shoul co • 

Methods Engineering 

(a) 
i the cost of operations by 

Place emphasis on study ng th r than on cost of the 
thorough method analysis ~a ets are merely combinations 
product, . ince the prOdUtC c~~d cost control is best 

i era tion cos s, of v r ous op of the costs. 
err c ed at the source 



(b) 

(c) 
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Emphasize methods engi . 
since direct labor co ~eerlng of the human variety 
machine costs At s s account for about 870% of 
is on machine'a present, nearly all the emphasis 
bottleneck oper~~i~~~~ess applications of machine 

Increase emphasis on wo k 1 
to increase volume a d r -kP ace layout engineering 

n wor er productivity. 
9. Cost Reduction and Analysis 

(a) 

(b) 

(c) 

Create a cost analysis group external to accountin 
and familiar with operations so that production va~
iances may be analyzed for detailed causes. An addi
tional function would be to appraise cost standards 
themselves. 

Institute a Vigorous cost reduction program in con
junction with (a) above to determine the various 
causes of inefficiencies discussed in section 11.9.4 
and to find ways of reducing or eliminating the causes. 

Institute a cost reduction refresher training course. 
As a part of the program the principles of work sim-
plification, production standards, and work measure
ment should be taught. 

10. Economic studies 

(a) 

(b) 

ake use of economic minimization and maximization 
and break-even studies for new tool costs and for 
other capital expenditures. The preparation of such 
stUdies and the reduction of the various factors to 
specific values can be used to illustrate the cost of 
not taking certain actions as well as indicating the 
economic advantages of expenditures. 

In relation to the above, establish decision criteria 
by which tooling classes and phases are determined. 
It is not felt that the present arbitrary numerical 
limits reflect forecast trends and economic optimiza
tion to a desired degree. 

11. Production Standards 

(a) Extend the coverage of production standards to as. 
rnany reas of indirect labor as economically ~easlble 
1ncluding quality control, engi~eering, trafflc, 
plant ngineerlng and clerical Jobs. 
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(b) Consider the Possible application of work sampling 
as an aid in setting production standards, particularly 
in the indirect labor areas. 

12. Incentive Wage Payment 

(a) 

(b) 

(c) 

Conduct a comprehensive study of the effect of the 
present incentive wage plan on production and produc
tive capacity. This study should analyze and compare 
the present incentive system with the possible advantages 
of a measured day work system including an incentive 
bonus for acceptable cost reduction recommendations. 

Issue a statement of policy from the General Manager 
that no employee will suffer a loss of wages as the 
result of the methods improvement and cost reduction 
programs. 

Discontinue the weekly report of personnel earning in 
excess of 150% on any job. Economically, it appears 
to the advantage of the Scintilla Division to encourage 
the highest production rate possible. 

13. Planning Records (Present "Layouts") 

(a) 

(b) 

Expand the manufacturing layout to include a standard 
operation instruction sheet for each operation showing 
a standard work place layout if appropriate and the 
standard method of "HOW" as well as "WHAT". 

Institute procedures for ensuring that manufacturing 
planning records (layouts, prints, instruction sheets, 
etc ) are current and represent the actual manner of 
Umakingll intended at the time, and further, are no; 
only available to the worker when needed but that e 
be required to use them when appropriate. 

15. Utilization 

(a) 

(b) 

Reduce the amount of personal delaYt~a~~~ by workers 
by increased supervision of this ac lV • 

erators for administrative 
Reduce the time taken b¥ °i'on of effort with inspec-
work by preventing ~~~~~~ ~y possible integration of 
tlon personnel and d i istrative requirements with 
the present worker atmi n of a crib-dispatch system. 
th recommended adop on 
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(c) Reduce, by attrtion, the number of excess direct 
labor employees as indicated by the results of the 
manpower utilization analysis, or, increase the plant 
load by a corresponding amount. Concurrently, or 
before, of course work standards must be revised. 
These recommendations are contingent on the avail
ability and application of suitable Industrial 
Relations techniques to maintain employee morale 
and ke ep from 11 shaking up the troops." 

(d) Store or dispose ofthoae obsolete or excess machines 
not now being used, to gain additional floor space. 

16. Material Storage and Delivery 

(a) 

(b) 

(c) 

Make a detailed study of the feasibility of a central
ized stockroom to replace the present four in the 
Stores Unit, with a view to effecting substantial 
savings in operating personnel. 

Evaluate the economic feasibility of a mechanical 
materials handling system for Stock "c" and "P.I.C" 
Stock. This recommendation would also apply to the 
centralized stockroom if established. 

Combine the bulk of the functions of Stock "Sll with 
similar functions under the Stores Unit in order to 
effect reductions in personnel requirements. 

17. Load Analysis 

18. 

(a) 

(b) 

Develop a procedure for forecasting loads and load 
i ents A possible method is outlined in section requ rem • . . 1 

11.9.2. The present method evaluates only crltlca 
bottleneck activities. 

Use the above procedure for maintaining a rUn~ingt 
machine load to be used by the planning depar me~ 

Ii hi ore exact master scheduling an 
in accomp s ng

l mi f mation to production scheduling. furnishing time y n or 

ality control administrative 
Product gualitS' Tight~ntu~hqUfinger at those individuals 
procedures to etter po n b:d work with application of 
who are responsible for any , 
penalty. 
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19. Set-Up Delay 

Provide setup men in quantities sufficient to minimize 
machine down time, particularly in activities where 
operator/setup men have responsibility for two or more 
machines. 

20. Electrical Connector Assembly 

Reduce the 36% daily duplication of connector assembly 
orders by consolidating orders before release to the 
assembly foremen, 

21. Raw Stores 

Increase the level of raw stores to reduce delay in 
starting work. 

22. Foremen Training 

Institute a vigorous foremen training program to in
clude at the very least subjects on all phases of cost 
reduotion development and execution of on-th-job 
training programs, and methods and :procedures by which 
man and machine utilization oan be 1ncreased such as 
work station soheduling techniques, etc. 
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