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CHAPTER I

INTRODUCTION

Every student must know what is to be accomplished before he starts to
solve a problem. Instructors_pse different niethods in teaching students how
to solve problens. -In sone courses the student is presented with a step-by-
step, sharply defined, and organized procedure to follow in working out the
solution of a problem. Other instructors present only general directions and
give guidance while the student works out the details, develops the procedure,
and solves the problem. With the latter method of instruction in view, the
Factory Planning course was added to the Industrial Engineering curriculun
to train the student to develop the ability to organize subject matter and to
encourage his original planning and thinking.

In the Pactory Planning course the effort of the student is directed to
the solu@ion of one large problem. Briefly, the problem is to plan an in-
dustry for producing a prescribed product at a suitable rate. To satis-
factorily accorplish this, the studenf is required to recall and usc subject
matter learned in related courses, as well as to search out new information
and combine the knowledge gained from these sources into practical design.

A thorough description of this course can best be obtained by sumearizing
the various steps necessary in its solution. These are:

1. A market survey is conducted by the student to determine the
sales potential of the product.

2. A product analysis is made to deteruine which parts of
the product are to be purchased and which are to be manu-
factured in the plant. This analysis makes it possible
to prepare the ©ill of materials, to prepare an operation
sheet for each part manufactured, and to construct the
process charts.

3. The method of asseumbly is described. This is accomplished
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by operation sheets showing the sequence of operations and
the time and equipment required to complete each assembly
operation.

From the information accumulated in the preceding steps, the
number and type of each processing machine may be determined.
Such factors as amount of and cost of lost time due to
breakdown, cost of operation and maintenance, safety features,
and initial investment must be given consideration in arriving
at the most economical machine requirements.

At this point a flow chart is drawn indicating the sequence
of manufacturing and assembly operations as the product
progresses. from the raw material to the finished product
stage.

The necessary management and supervisory personnel parallel
the determination of the type of organization to be used.
The organization chart must include all personncl necessary
to perform all activities incident to the manufacture of the
product; such as, cuployment, reguisition of equipment,
accounting and cost records, receiving and issuing stores,
advertising, maintenance, shipping and other activities.

The necessary floor space for each piece of equipment is
calculated, and a tentative layout for all manufacturing
and conveying equipment is determined. Space requirements
must also be calculated for administrative offices, service
departments, storage, shipping departments, and others.

The type of building to be used and a definite plant site
are selected. The general, and possibly the specific locale,
may be determined as a result of the market survey. Con-
sideration must be given to such factors as transportation
facilities, source of raw material, nearncss to uarket,
availability of labor and utilities. The price of labor,
rates of the utilities, initial land expense, taxes, and
other factors that affect cost must also be considered.

Layout drawings of the grounds, manufacturing or production
department and building are made.

A suitable heating and ventilation method as well as a
satisfactory illumination system is designed.

An investigation, based on current prices, is conducted
to obtain the estimated cost of the entire plant., For
clarification purposes this is presented in the form of
a balance sheet. A profit and loss statement is set up
for one particular period of operation.

A report is prepared for the purpose of summarizing the
work accomplished during the course. The data used,
sources of information, assumptions made and conclusions



drawn are co-ordinated with suitable explanations to give
the reader a clear, well-defined view of the proposed industry.

Since 1928, the year the Factory Planning course was introduced by Pro-
fessor H. G. Thuesen, there has been a necd for a written guide that would act
as a foundation upon which the student could build. A continuous search of
the published material in the field of Industrial Engineering has failed to
produce the desired aid. Two years ago the writers started gathering material
and composing what they hope will satisfy the need for a written guide.

With the view of keeping the same method of instruction and course content,
the writers have attempted to formulate this thesis so that it will aid the

student without subtracting from the "creative engineering" demanded of him.



CHAPTER II

PRODUCT ANALYSIS

Since sales demand eventually governs production, it is necessary to know
the nunber of units of the product to be manufactured. The unit of product is
usually the lowest quantity sold; such as electric motor, garage door, or ream
of typewriter paper is the usual basis for estimating sales. The plenning en-
gineer, however, must work with the elemental parts or coiponents in product
analysis. In this formative stage of production, a great anmount of detail
analysis is necessary as preparations and plans must be made for purchasing mater-
ial, machines, engaging men to carry out plans and providing money. Analysis of
the components of a product allows certain questions to be answered:

1. What material and how much enters into the
manufacture of each corponent?

2. Vhat parts are conbined into sub-assemblies and
finally into completed assembly?

3. What parts are to be made and how many go into
one unit of the finished product?

k., What parts are to be purchased and how many go
into one unit of the finished product?

5. What stocks and sundries, such as, nuts, bolts,

washers and screws, enter into the sub-assemblies

and final assenbly?
Materials

Materials provide the starting point for most of the thinking and all of

the work done in production. Often a part may be nade from one of several
naterials. Many times a casting may be made from aluminum or gray cast iron;
a gear wheel can be made from brass rod or casting, with the teeth cut after

machining the blank, or from a zinc die casting with the teeth cast. Choice

of material largely depends on quantities required, and the material cannot

-



always be specified until after the method of processing has been settled.

Bill of Materials

When all of these factors have been determined, the amounts of material
of a certain kind and grade required for the part can be listed. This list is
commonly called the bill of materials. There is no standard form which this
list must follow; the length and form will vary depending upon the product to
be made. Figures 2-1, 2-2, and 2-3 are examples for various products, a truck
bed, a loaf of bread, and rolled wire glass.

After completion of the bill of materials, down to the smallest screw,
bolt, and nut called for by the drawings and the material specified, an analysis
is made showing:

1. Parts to be purchased in finished condition.
2. Parts to be manufactured.
It is often considered more desirable to purchase certain components than to

make them. Some of the factors to be considered in making this decision may

be:
1. Cost - Many items may be purchased more cheaply than they
can be manufactured.
2. Tolcrances - Greater accuracy can be obtained in your
own plant than in an outside plant where less control
is possible.
Operations

After the amount and grade of every kind of material have been settled,
the next two steps are as follows:

1. Requisitions for purchasing are made out for (1) material
required - in determining material required, care must
beexercised in determining allowances for waste, spoil-
age and loss of product between operations - and (2)
finished parts to be purchased.

2. An operation sheect for each part to be manufactured in
the plant is made. This must include methods, processes,
sequences, tools, and fixtures. It assigns, tentatively,



BILL OF MATERIALS

Truck Bed

The following is a complete list of all materials required for the
construction of the utility truck bed and its accessories. All parts which
are to be made in the shop from structural stecl arc made from SAE 1020
steel.

A Frame
No. Ragd. Weight
Part Name Material per Body Lb. Cost
Runners 3/16" 1020 2 131.6 $ 10.52
ll" X 9[7!!
Z Bean 1/8" 1020 2 56.0 4. ho
_ 0™ x BrY”
Side Plate 1/4" 1020 2 99.0 7.92
6’7" 29 1/8"
Bolster Boss 2" 0D Pipe 1 .6 .05
Flooring 2" Oak Lo sq.ft. @ .22/ft. 10.78
Carriage
Bolts /8" o 3" 10 .10
Total $ 85.65
Weld Metal Disposition
Operation Ft. of Weld Lb. Weld Metal
Headache Rack - 30 T.5
Winch Bracket 3 19
A Frame i L)
Gin Poles I .25
Bed Frame 51 13.0
Roller Asscmbly 15 4.0
Total 25.75

Total Cost @ $.08/1b. = § 2.06

Figure 2-1



BILL OF MATERIALS

Recipe for Baker's Choice Bread

This recipe contains the percentage by weight, weight in ounces per
ingredient per loaf, and cost per ingredient per loaf for Baker's Choice
Bread. In computing the ingredient cost per loaf, the cost of water is
omitted. Total water usage for the entire plant being added to all costs
at accounting intervals with water costs being paid monthly. Figures are
based on an 18 ounce dough weight per 16 ounce loaf in order to take up
evaporation losses in the oven. This 18 ounce basis is also used in
calculating storage space.

PER CENT BY WEIGHT ACTUAL WEIGHT
INGREDIENT OF 18 OUNCE DOUGH IN OUNCES COST PER LOAF
Flour 60.000 10.8 $.0441
Shortening 2.375 4275 .0078
Milk 4.375 .T875 .0049
Salt 1.375 .2475 .0015
Sugar 175 +315 .0020
Yeast 1.375 .2475 .0010
Water 28.375 5.1075
Arkady .375 L0675 .003

. 100,00 18,0000 ., 061

Figure 2-2



Original Wt.

1000
330
30

194
128

15
3.5

1700.5

Sand
Soda,

Sodium
Sulfate

Calc Limestone

Doleomitic
Limestone

Feldspar

Borax

Fusion

none

b 2
56.5

Lk 2
46.0

none

L, 2

BILL OF MATERTIALS

Roller Wire Glass

Loss Weight Silica Linmoc Soda Mag. Alum
& 1000 1.000.
1k5.9 18L.1 184.1
17.0 13.0 13.0
85.7 108.3 108.3
58.9 69.1 bi.4 27.6
none 15.0 9.9 8.3 2.
1.5 2.0 2.0
309 1391.5 1009.9 1k9.7 209.4 27.6 DT
72.6%  10.7% 1k.5% 2% .2%

Figure 2-3



setting-up and operation times.
If the planner of the industrial plant is not familiar with the work involved
in step No. 2, he may secure the needed information from any of several sources.
He may compare his ideas and plans with other companies who have experience in
the same or similar lines. This may be done through correspondence or per-
sonal contact, or he may contact the state and federal govermments for infor-
mation concerning such an enterprise. Many books are availeble in libraries
giving the required information or methods of calculating such. Salesmen and
sales engineers of equipment manufacturing companies are a valuable source of
information. They not only know their own product but through their contacts
with many diversified industries can enlighten the man just starting out on
several of the obstacles with which he will be confronted. In the prepara-
tion of the operation sheet, calculations and estimates must be submitted in
detail and must be accompanicd by supporting reasons.

Major Sequences

At first it is desirable to list only the major sequences through which
each part of the product must pass, including sub-assemblies and final assem-
blies.

Minor Sequences

Then the planner must go through his genersl analysis and add the minor
operations necessary.
Details

Finally the details are added. Such detaile might include hand-burring of
sharp edges after a machining operation, washing or degreasing machined pro-
" ducts Jjust prior to painting, or hand sanding an end table between coats of
varnish.

In brief, the operation sheet should describe in the greatest possible

detail each operation and instruments with which they are performed.



Such information should include:

ll

12,
3
1k,
15.
16.
1T,
18.

Description of operation.
Facilities to perform it.
Alternate facilities if any.
Part number and name.

Economic lot size.

Special jige and fixtures.
Auxiliary tools and templates.
Material specifications and ordering
Machine fceds and specd.

Drawing of operation.

Standard time.

General instructions.

Specific instructions.

Weight per piece.

Yield in case of cutoff material.
Revision: record.

Sheet number.

Number of sheets to opecration.

data.

10

Figurcs 2-4 and 2-5 are cxamples of different types of operation sheets.

Plan each operation in the most elemental terms using simple purpose pro-

duction machines and tools.
necessary to produce a good part will have been determined.

will then dictate thc combination of operations using special machines or

special tools.l

IBetter Methods in Work standards, p. 20.

When this is accomplished the operations that are

Production demands



Dist Time
(£t) (min)
15 2
3 2
15 1
53 2

(Sce Frame Assy)

11

OPERATIONAL DESCRIPTION

Truck Bed

DescriEtiOn

Sheet stock is lifted from storage rack by the over-
head crane and placed on layout table by shear opera-
tor and assistant.

« Sheet stock is laid out to best advantage by shear

operator and assistant. Plate is positioned by hand
in shear by rolling on roller-top layout table. Plate
is cut to correct sizc for runners.

Picce falls out back of shear automatically and is
Placed by hand into rack adjacent which also serves
as pre-storage for brake operation.

. S e e

Two channels are loaded on assembly rack along with
other parts necessary to make one bed. Rack is moved
to assembly area and placed near assembly Jjig by
means of a fork truck.

Assembly rack, containing channels (runners) is stored
at jig prior to assembly.

Runners are taken from rack and carried to jig by
hand. Operation performed by assembly operator and
assistant.

Runners are placed in position on jig by operator and
assistant. Jig is set to correct width and governs
position of runners.

Assembly operator and assistant weld five pads to

each runner. Runners are then reversed in jig. Time
includes preparation time for welders.

Figure 2-4



in storage.
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Date Page 1 of 1 Truck #2

Operation: _Trucking Pallets of 24/1
and K.T. Cases from Filling
Line to Storage

Departuent: C&P

Job Description

Full pallets of cases arec picked up by lift truck ond carried to spot

No. Element
1l Load Pallet
2 Transport
and unload
3 Return from

storage

Life truck return to line.

Rest Work

Eleme 1t Description Allowance Minutes
Truck picks up loaded pallct 18 .1062
Start: Fork under pallet
Stop: Start to back up
Truck takes pallet to storage 18 6738
space and releases
Start: Start to back at line
Stop: Start to back at storage
Truck rcturns cnpty 18 14590
Start: Start to back
Stop: Fork under pallet
Work minutes per pallet 1,239

Standard hours per pallet = ,02065

Standard production = 48 pallets per hour

Figure 2-5
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Process Analysis

Probably the easiest way to make a complete analysis is to construct a
process chart.

The process chart, (See Figures 2-6 and 2-7), is a schematic representa-
tion of a procees showing:

1. The rclationship of various materials, parts, and sube
assemblies.

2. The sequence of operations on each part or material.

3. How and at what point in the process the materials
come together.

4, What handling is required and how it is done.

5. At what points storage facilities are required.
This chart aids in simplifying processes and methods by giving a complete
graphic picture of the process and by requiring one to study and plan the
process in detail in order to obtain the data for the chart.

The process chart does not show a physical arrangement of departments or
equipment, however. It is comparable to the wiring diagram of a radio set,
which shows connections and the flow of current but not the arrangement of the
parts. It usually begins with the raw materials as they enter the plant and
follows them through every step of the manufacturing process until they be-
come either a finished unit or part'of a sub-assembly.

By studying the chart carefully, it is frequnently found that machines may
be purchased to permit combining operations, and delays between operations may
be eliminated. The process chart assists in showing the effects that changes
in one part of a process will have on the other parts.

How the Chart is Made

Frank B, Gilbreth and his wife, Lillian M. Gilbreth, the founders of

Motion Study, were the originators of the process chart symbols. In the origi-



PROCESS CHART

RECEIVING STORING AND DELIVERING
FLUX TO HEAT-MELTING MIXING AND
POURING MOLTEN ALLOY

GAS FLUX
TRAVEL OPERATION DESCRIPTION

O FEET)
UNLOAD

|9 TO STORAGE

INSPECT

o
() TO FURNACE AREA
\/ smone

. MEASURE

TO CRUCIBLE

MELT AND MIX ALLOY

28 TO MOLD

POUR MIXED ALLOY

Figure 2-6



PACKAGING

GRE ASE

; 71N KETTLE

FOR QUALITY

BY GREASE LINE

THROUGH

NOZZLE

DRUM

PROCESS CHART
AND SHIPPING I00-POUND GREASE DRUMS

DRUM STORAGE AREA

LOADED ON PORTABLE
CONVEYOR 2 HIGH

DECAL PLACED

BY HAND TO
ROLLER CONVEYOR

ON CONVEYOR UNTIL
GREASE IS READY

BY CONVEYOR TO
DRUM ELEVATOR

BY ELEVATOR TO
FILLING FLOOR

BY CONVEYOR TO
KETTLE AREA

STACKED 2 HIGH ON
FLOOR BESIDE KETTLE

DATE BATCH NUMBER
STENCILED O©ON DRUM

ON FLOOR WUNTIL
READY FOR  FiLL

DRUM FILLED WITH
GREASE

LID SEALED ON DRUM

BY GRAVITY CONVEYOR
TO PALLET CONVEYOR

LOADED ON PALLET

ON PALLET ON CONVEYOR
UNTIL LIFT TRUCK ARRIVES

BY LIFT TRUCK TO
STORAGE AREA

AT STORAGE AREA UNTIL
READY FOR SHIPMENT

BY LIFET TFTRUCK TO
BOXCAR

LOADED IN BOXCAR
ON SIDING

SHIPPED

Figure 2-T7

LID

AT LID STORAGE BINS

BY HAND TO ROLLER
CONVEYOR

PRODUCT STENCILED
ON LID

NEAR CONVEYOR UNTIL
GREASE IS READY

BY HAND TO DRUM
ELEVATOR

BY ELEVATOR TO
FILLING FLOOR

BY CONVEYOR TO
KETTLE AREA

ON FLOOR AT KETTLE
AREA READY FOR FILL

-
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nal list there were 40 symbols, however, it has been found that five basic sym-

bols are adequate for describing most any production process.

An explanation of these five symbols along with the method of preparing

process charts follows:

i 4

2.

Each series of steps is represented by a series of symbols
arranged in a column. Use of these generally accepted
symbols, shown below along with their definitions, makes
it easier to construct a chart. One can glance at cach
symbol and identify the operation.

An operation occurs when an object is intentionally
changed in any of its physical or chemical charac-
teristices or when it is precpared for another opera-
tion, transportation, inspection, or storage.

A transportation occurs when an object is moved
from one place to another, except when such are
coused by the process or by the operator at the
work station during an operation or inspection.

kept and protected against unauthorized removal,

‘;;;7 A permanent storage occurs when an object is
A temporary storage occurs when an object is
‘i;;7 kept but not‘protected against unauthorized
removal.
An inspection occurs when an object is examined
for identification, verified for gquality or
quantity, or measured in any of its character-
istics.

Explanatory data more or less detalled, as desired, covering
the following may be entered on the chart:

Operation What is donc.
What machine is used.
Who performs the operation:
automatic or monunl.
How is it donc as to capacity,
speced, tinme.

Tronsportation Where the material goes.
How is it transported,
machine or manual.
Quantity moved in each load.
Time required.

Storage , Why is it stored.
Where stored.
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How stored (on floor, shelves,
pallets, bins).
Length of storage.
Inspection Purposc of inspection.
Who does it.
Where is it done.
Tine required.
3. Variations may be made in the form of the chart used.
Imagination should be exercised in adapting charts to
particular problems, such as:

Different colored lines for various parts
and materials.

It will be seen that if a process chart is properly constructed, the re-
sult will be a recorded plan of all of the steps necessary in the production
of a part.

Each operation will have been listed; every move will have becn planned;
and the over-all material handling method will have been specified for use in
determining needed equipment and making the plant layout.

Making the process chart causes the planner to think of many of the pro-
blems of plant layout long before that stoge of planning. Too, it provides
a simple means for checking details which might cause serious trouble and many
hours of time at a later date if overloocked in the planning stage.

How the Chart is Used

The following are a few uses of process charts:
1. For Layout - As a preliminary step to plant layout.

2. For Training - As a guide to plant operators to help
them visualize complex processes more readily.

3. For Gathering Costs - As an aid in building up cost data
for a particular product.

4. For Process Improvement - As an oid in visualizing what is
to be required in the manufacture of a new product and in
comparing alternative processes.

5. For Office Layout - As a guide in analyzing office and
clerical procedures as well as manufacturing processes.



CHAPTER III

DETERMINATION OF MACHINE REQUIREMENTS

Production consists of operations by men and machines on material. When
necessary information as to material and methods of ranufacture has been
developed, the next step is to acquire equally accurate information as to the
capacity of the machines to operate on the material. This information is se-
cured by what is known as machine analysis.

Obviously, certain, fundamental questions must be answered: ™

1. How long will a particular machine take to perform its
operation on a unit quantity of material?

2. How many unites of each variety of material can be produced
on this machine per day, week, or month?

3. What is the maximum plant capacity per day for each process
on each variety of material?

These questions may be answered by actual experiment and trial, by records
of past performance, by guessing or estimating, or by information secured from
the manufacturers of the machine.

Answering the first question, will necessitate determining (1) how long
does it take to make the machine ready for a new job - set-up time, and (2)
how long does the machine take to perform the actual operation on a unit
quantity of material once it has been set up - operation time.

The set-up time is not easily determined or standardized in many cases.

In setting up a printing press it is necessary to have the ink, paper, speed,
pressure, all mutually adjusted. To set-up a machine tool may involve special

jiges or fixtures and the establishment of cutting feeds and spceds.

1. p. Alford, and J. R. Bangs, Production Handbook, p. 108.
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Other processes may involve feeding material into a hopper for the entire set-
up.

The operation time is capable of fairly exact predetermination.

Strict adherence to the operation sheet is necessary in selecting machinery
for o plant. Occasionally, a machine is found that will eliminate some work
by combining operations. Care must bec taken to select a machine that will do
what is called for by the processing and do it in the time allotted.

One of the most difficult problems to be solved is that of balancing the
capacity of the production line. At this stage of planning, the principles of
the Gantt chart are helpful. It is generally recognized that bottle-necks are
the most serious hinderance to economical production. If machines are not per-
fectly belanced and loads identical, then it will bec necessary to creatc stor-
age space to take care of the unbalanced production of parts.

Start balancing by using the operation shect. From the list of parts
entering into the product together with the quantities of each and the rate of
production necessary for each series of operations, the proper line balance
may be determinecd.

Example
Machine requires a given number of picces per minute (50)
but thesec pieces must be assembled by hand prior to machining
at a lower rate (10 pieces per minutec); thus five persons are
needed to keep up with the machine.

The number of machines required depends on the capacity or output of the
plant and the time required to perform the various operations involved in the
manufacture of the product. When the unit time (operation time plus the set-
up time) has been determined and multiplied by the daily output, it is a
simple matter to divide into this minutes per day.

Formula

Unit time x Daily output
Minutes per work day

Number of machines =



Factors Influencing the Initial Selecting of Machines

The following is a summorizoation of data to be gathered and considered
before selecting machines:2

1. Type of operation.

2. Operation requirements.
3. Quantity to be produced.
4. Ouytput per hour.
5. Cost of tooling.
6. Set-up and tear-down time.
7. Life of machine.
8. Cost of machine.
9. Cost of labor to operate.
10. Type of production.
1ll. Maintenance cost.
12, Flexibility of machine.
13. Floor space.
14, Weight.
15. Future business trend.
16. Materiacl to be worked.
17, Similar machines aveilability.
18. Type of plant layout.
19. Head room,
20. Material handling facilities.
21, TIllumination requirements.

22. Power,

®Beonomics of Tools and Equipment, p. 2k,
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23. Machine hazards.

Final Selection of Machincs

After the preceding factors have becn considercd and a number of tentative
machines have becen selected, a specific machine to be used for an operation must
be sclected. In determining the make and model of the machine, the following is
a guide covering several important factors that should be considered. There are
probably other factors which may also be important but those listed are re-
prcsentative.3

Cost Factors

1. Investment.
a. Initial cost of machine,
b. Cost of accessories.
c¢. Installation.
d. Depreciation,.
2. Operation.
a. Upkeep and repairs.
b. Supervision.
c. Power,
d. Wages of operator.
3. Final.
a., Hourly charge when idle.
b. Hourly charge when running,

c. Normal production per hour.
d., Unit cost of production.

Design Factors

l. Materials of construction.

3mid., p. 26.
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a. Kind used for different parts.
b. Distribution of metal.
c., Strength and stability.
Power,
2. Is it abundant?
b. How is it applied?
¢. Is control centralized?
d. Are heavy parts power moved?
e. Is direct motor mounting provided?
Lubrication.
a. Forced? Sight feeds used?
b. Are oil holes accessible?
c. O0il and grease cups on bearings?
d. Gears run in oil bath?
Bearings.
a. Ordinary.
b. Ball bearings.
¢. Roller bearings.
Chucking,
a. Ordinary.
b. Magnetic.
c. Air controlled.
Safety.
a. Machine,
b. Operator.

Speed changes.

a'

b.

Number and ratio.

Quickness of change.

22



8. Operation.

"1.

d..

Friction.
Vibration,
Ease of feeding and discharging.

gelf-helping attachments.

9. Repairs.

a.

b.

Are wearing parts interchangeable?

Accessible and easily changed?

10. Miscellaneous.

2.
b'

C.

Facilities for quick set-up.

Other kinds of work possible.

Is it easily movable?

Rigged for using cutting lubricants.

Fit location available.

a3



CHAPTER IV

MACHINE LOADING CONTROLS

The procedure for determining machine loading and scheduling is the saue
whether it is for one part to make up an entire job, or whether there are ten
or one hundred parts required to make up the complete finished product. It is
simply a matter of following the breck~down of parts and sub-osscmblies as
shown by the blueprints and drawings. Each part must be scheduled as a
separate unit and followed through as though it were to be the finished pro-
duct; also a sub-assembly is scheduled as though it were a separate unit.

Some mechanism should be provided to record machine loading. The parti-
cular form or mechanism used is a matter of choice. Probably the oldest form
in use is that of the Gantt chliart. It has the advantage of giving the over-
all picture at a glance (visual control).

The Gantt chart in Figure 4-1 may be prepared using standard graph paper.
There are boards on the market that use the Gantt principles, and are operated
by inserting suitable tickets in their proper places on the board. When changes
become necessary, it is merely a matter of changing the location of the tickets
whereas with the paper chart each change means erasure. Referring to Figure
k-1, as jobe are planned for the machines listed, the chart is blocked out
opposite the machine for the days or parts of days the machines are to be in
use. The spaces that are not blocked out indicate idle time for that machine.

The Gantt chart in Figure 4-2 shows how one part may be intermingled with
other parts. Each part is indicated by a marking system, and even though it
is intermingled, the parts may be located at all tines.

Exarmples of loading charts may be found in the Production Handbook by

L. P. Alford and J. R. Bangs showing labor working without machines.
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CHAPTER V
FLOW CHARTS

In tte piamning of a plant layout the use of a technique called a Flow
Chart which visually portrays the path of a part from machine to machine is
very helpful. This chart presents dinagrammatically on the plant layout the
same steps that are shown on the process chart. The flow chart may be made
from information taken from the process chart, or it may be developed inde-
pendently as o meons of gathering information .on a process.

By use of this tool, the planner can tell at a glance if there is "back-
tracking" or any unnecessarily long moves in the proposed layout. The merits
of a proposed layout can be quickly visvalized or appraised.

The flow chart is distinguished from other work representations by the
fact that the path of the object in gquestion is pictured in relation to the
area or space in which operatbng on the object take place. In producing such
a picture, the main consideration is the basic flow of the product, i.e., the
nature of production, space reguired for efficient handling and moving of the
objects under consideration, methods of handling materials and parts, and the
locations of various fixed facilities.

The flow chart may be made on a layout or on a transparent overlay. The
second method is very desirable when too much information is already marked on
a layout or there is a need to show the flow of several parts through one
area.

Guides for Developing a Flow Chart

The layout engineers in many industries have worked out guides to assist
in the developing of flow charts. The following is a recormended list of

items that are used in the layout engineers' training program at the General
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Motors Institute:l

1. Determine an effective location in the area for each piece of
equipment involved in the process and indicate it on the
layout.

2. Indicate on the layout near the planned point of occurrance
ecach process symbol listed on the process chart.

3. Number each symbol the same as the symbols on the process
chart,

L, Join the symbols with a line, placing an occasional arrow-
head on the line to indicate direction of flow.

5. Identify the flow chart and indicate on it any information
relative to the process.

Developing the Flow Chart

In developing a flow chart, a basis for the type of flow indicated must
first be selected. This may be similar to one of the typical examplés de-
picted on the accompanying diagrams or may involve a combination of several of
these. These typical bases are in order: (See Figure 5-1)2

1. Direct straight line flow.

2. Circular flow.

3. General flow.

k. Direct flow not following a straight line.

Upon selection of the basis, decide which type chart to prepare. Flow
charts fall into the three following definite kinds:

1. Three dimensional models showing the building or

work area, machines, and facilities to scale to=-
gether with a layout of persons or products.

2, Three dimensional views of all or part of the building
or arca under consideration together with the path
of persons or product.

lMethods and Processing, p. T2.

2R. M. Barnes, Works Methods Training Manual, pp. 213-21%4,
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3. Two dimensional views of the foregoing work places
and objects.

The purpose behind each of thesc examples is to provide an over-all view
of the path of an object by indication of the key points involved and the se-
guential relationships between these points, thus affording a comparison of
ideas relating to efficient work arrangement before actual physical placement
of equipment is involved. By means of a flow chart, attention is quickly
focused on "back-tracking”, crisscrossing, and excessive transportation dis-
tances, thereby indicating possibilities for better layout.

An example of a poor machine arrangementsand a good machine arrangement
is shown in Figure 5-2 and 5-3.

The same procedure and care used in planning a flow diagram for the
manufacturing plant should be exercised in selecting the arrangement of office
equipment and facilitics. Figure 5-4 presents examples of a poor arrangement
and a good errangement for office layout.

Proper planning will result in an increase in production, more efficient
methods of production, and the employeces will have a better place to work and
will be able to do their work with less effort.

Tmprovements by proper analysis of proposed layouts will result in:

1. Reduced manual handling - The installation of all types
of conveyors will practically eliminate all manual
handling.

2. Reduced storage space - Work in process may be stored
"in transit" on overhecd conveyors from recciving room
to assembly. Spiral conveyors used to carry miscellaneous
parts directly to assembly where they may be stored
in hoppers suspended from the ceiling. This would also
eliminate the confusion that normally results from
numerous totepans and floor bins.

3. Reduced production space - More efficient arrangement of
machines may allow one operator to service more than one

machine,

4. Reduction of waiting time - By assuring a constant supply
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of parts at the work stations, machines and personnel
seldom have to wait. Careful planning and scheduling
of material flow is needed to prevent lost time by
materials, machines and personnel.

5. Reduced inventory - The planning, scheduling, and in-process
storage made possible by proper layout will result in marked
savings in inventory. It is possible to meet production re-
quirements with a minimum supply of material on hand at any
point in the plant. If possible, material flow should begin
at the main storesroom - or, where possible, at the receiving
dock - and should continue until the final, crated product
is ready to go to storage or to the shipping dock.

Analyzing The Layout and Flow Diagrams

After or during the analysis of the process charts, the plant layout and
flow diagram should be studied in detail along the following lines:

1. Analysis of layout.
a. PFlow diagram of proposed processes.
b, Flow space tabulation and summary. (See Chapter XII).
c¢. Equipment necded. (See Chapter III).
d. Storage facilities. (See Chapter VII).

2. Equipment requirements.

a. Space should be allocated in the layout for anticipated
future production which would require more machines.

b. Production quantities of cach product should be
estimated separately.

c. Based on estimated production volumes, it is necessary
to establish production rates for the various operations
in order to calculate the machine hours required per
week to meet the anticipated requirements.
3. Storage requirements.
a. The required storage capacity should be determined.
4. Working conditions.
2. Requirements for adequate lighting. (See Chapters XIV and XV).
b. Temperature, humidity, and ventilation. (See Chapter XIII).

¢c. DNoise, vibration, and dirt.
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d., Plant housckeeping.

Examples of Flow Diagrams

Figurcs 5-5 and 5-6 show the general layout where materials handling

Figure 5-7

Figure 5-8

Figure 5-9

Advantages of a Flow Chart

was the major problem in the manufacture of
electric tools.

shows the layout of the packaging and shipping
room and the sequence of operations in pack-
aging and shipping a 100-pound greasc drum.
This flow diagram was prepared by supcr-im-
posing the process chart symbols in the lay-
out chart.

shows the layout of a plant manufacturing oil
field truck beds.

shows continuous-flow finishing in c Multi-story
building. This diagram is for finishing wood
furniture,

The developed flow chart has many uses,3

1. It aids in presenting facts or plans to others.

2. It helps to point out arcas of improvement.

3. It graphically portrays material handling plans.

L. It aids in the reduction of material handling by pointing
out "back-tracking".

5. If the process chart has besn made first, it serves as a check.

3Methods and Processing, p. T3.
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FLOW CHART

Figure 5-8
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CHAPTER VI

EVALUATION AND SELECTION

OF

MATERIAL HANDLING EQUIPMENT

Ages ago inventive man began to transfer lifting and carrying to beasts
of burden, to the pulley, and to the wheel. As the machine age accelerated
output, the neced for speedy movement of materianls became greatly intensified.
With the advent of mass production, there arose an imperative demand for even
faster, more efficient ways to provide a steady flow of materials to and from
machines. Today, American irdustry leads the world in mechanized materials
handling efficiency; but the ultimate is still to be achieved.

Young as it is, American industry has advanced tremendously in machine
efficiency, in tool development, and in production systems, particuvlarly in the
past generation. These production achievements have helped industry to increase
its output per man-hour and up to now have made possible a steadily advancing
living standard for our pecople. But, we must now attain even greater effi-
ciency and at the same time prepare for the inevitable new challenge, competi-
tion in world markets against labor costs which, even though world living stan-
dards rise, will still be lower than our own. The next great reduction in
American production costs can be effected by cutting moaterial handling costs
with the use of the most modern cquipment and methods.

The modern plant is basically a materials handling system, for production
is material in motion, Whether the ingredients or parts for the manufactures
comes to the plant in bales, bags, barrels, bins, boxes, rcels, drums, or
cartons, all must be moved irto stores, into production, and then, as finished

products, into storage and into shipping.
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Materials handling is an indispensable factor in any factory, warehouse
or terminal operation. It begins with the raw material, continues on through
processing and production to storage and even to the final delivery of the
finished product to its destination. Only when it is realized that handling
materials is an essential part of the operation, and that it consumes a major
share of the time of that operation, can the importance be fully appreciated
in relation to the profit-and-loss statement.

Materials handling is known to consume at least 30 percent of the total
time required to produce manufactured goods.l It is the responsibility of
management to find new ways to reduce costs; each step taken to reduce the
number of handling operations helps toward that end. Because the means used to
move goods determines, to a large degree, the cost of the finished product,
it is highly important that proper consideration be given to how far, in what
directions and how often the material must be moved, and the manpower time and
equipment required to do the job., Only through a study of such factors as
these is it possible to uncover inefficiencies and to apply corrective measures
vhich will save manpower and time.

In general, all materials handling equipment makes use of two basic motions
- horizontal, vertical, and a combination of both - to move materials into
stores, in processing, and into storage and shipping. The horizontal motion,
as accomplished through the application of the industrial truck, provides a
transfer of materials from one point to another. While this is the most simple
of the two basic motions, it is without question the most frequently seen in
industry.

Few better opportunities present themselves for saving time and labor

1. P, Alford, Principles of Industrial Management, p. 102.
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than ore found in eliminating all possible manual vertical lifting. Lifting amd
lowering, as accomplished through the application of a hoist, has probably con-
tributed more to industrial dovelopment than any other mechanical factor, for
it quickly handles materials far too heavy for human strength. Pickup, carry,
1ift, and delivery constitute the combination motion. The term, as it applies
to movement of materials, does not place close limits on the operational sphere
of the performing equipment. In many industrics the combination horizontal-
vertical motion is all important because, with proper equipment, it provides
the most economical handling to and from stores, through production, in ship-
ping, and the most efficient use of existing storage facilities.

The approach to a solution of materials handling problems must of nec-
essity be analytical. Just as F. M. Taylor studies man-motions in machine
operations in his search for faster production, so the industrial executive must
apply critical examination to all the complexities of handling materials in his
plant. What must be moved, how far, and how often are vital factors to be con-
sidered, not only when more intensive use of existing equipment is sought but
when planning for ncw equipment purchases to spced production flow.

Efficient materials hanc.ing equipment is both servant and master of pro-
duction machines. It is a basic tool in warchousing, and in serving machines
and common carriers - conserves menpower and time for Jobs which result in
greater output. By its ability to carry great quantities of material easily
and guickly from where it is to where it is needed, efficient handling equip-
ment prescribes the subdivision of complex operations into simple tasks and
relegses valugble labor for higher-paying employment. . It helps in many ways to
roise machine and man-hour productivity, to lower over-all unit costs, to re-
duce the plant floor space required for a given volume of parts or finished

products, and to minimize safety hazards and the dangers and expense of worker
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fatigue. Probably no error in the application of materials handling machinery
is more coumon than the calm assumption that one type of equipment is best for
all jobs. Just as there are no all-purpose production machines, so there are
no all-purposc handling machines.

Probably the most imporiant step in solving the materials handling pro-
blen is to cvaluate the available types of handling equipment and determine
which is best suited to mect the particular requirements.2

Objectives of Material Handlingg

1. Expedite intro-plant novement of parts.

2. Insure delivery to proper destination.

3. Synchronizing production aid.

L., Prevent accidental damage to parts in transit,

5. Maintain rate of production.

6. Avoid waiting time deloys of machine operation.
T. Eliminate unnecessary movenent of supplies.

8. Conserve floor space.

9. Minimum of manual assistance to move supplies.

10. Provide for automatic cleaning, cooling, and processing of
parts.

11. Guard workers agoinst strains and accidents.

12. Prevent excessive stock storage in production areas.
13. Avoid nonproductive employment of labor.

14, Expedite scheduling.

15. Lower unit cost of moving and handling materials,

16, Permit greater production per employee.

®Material Handling Analysis Guide, p. 28.

3Economics of Tools and Equipment, p. 102,
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17. Iuprove employee morale.

Types of Equipment Available

Conveyors

If a large and constant flow of reclatively small units is to travel over
the same route, a conveyor is probably the answer to the Problem.h
From their meager beginnings, conveyor systems have spread to almost
universal use throughout industry. However popular their use has become, they
are very much limited as to capacity. Standard systems employing either gravity
or power conveying equipment are limited to the handling of rather light loads.
This does not means of feather proportions, but neither does it mean loads of
mach over a ton. Conveyors are flexible in their usages and arc readily adapt-
able to any need. They may be installed as a permanent fixture of the plant
or used in a portable nature wherever the need may arise. Fach of the various
types listed below is followed by a discussion of their individual capacitics
and advantages.5
1. Gravity Roller Conveyor - Designed to carry any commodity
having one smooth firm traveling surface. While the exact
grade of gravity operation varies with the size of roller
and weight of commodity, an average drop of 3/8 inch per foot
to 1/2 inch per foot is used.
2. Gravity Roller Spirals - Usually constructed with tapered
rollers mounted in frames formed in the shape of a spiral.
This provides a means of lowering packages from a higher
elevation to a lower point within a relatively small area
and is particularly ocdapteble to the handling of fragile
packages.
3. Gravity Wheel Conveyor - For solid smooth bottom commodities,
this conveyor operates at the same pitch as the roller con-

veyor. It is used extensively for portable work becouse
of its light weight.

thid-l, P. 28‘

5Scientifically Planned Conveyors, pp. 3-27T.




4. Sheet Metal Slides - When o rapid descent is desired between
two points and the difference in elevation is not too great,
when it is necessary to have minimum floor openings these
slides prove adaptable.

5. Bpiral Chute - Lower cartons, cases, boxes, sacks, and
similar commodities for any number of stories in a building.
Runways range from 12 to 66 inches in width.

6. Belt Conveyor - For practically any commodity. These units
designed for horizontal, inclined, and declined travel or
a combination of all three. Permits handling of cased
and packaged goods up inclines of 27 degrees.

T. Live Roller Conveyor - Any commodity which can be success-
fully handled on roller conveyor can also he carried on
live roller cor.cyor.

8. Chain Conveyor - Single and multiple strands of chain are
used for carrying cases, cans, and kegs in both straight
and curved planes.

9. ©Hlat Conveyor - Available with hardwood or steel slats
will carry heavy and bulky material which cannot be
handled on belt conveyors.

10. Bucket Conveyors - Primarily used for conditions wherc material
is to be distributed some distance from the vertical lift.

11. 1Incline Elevator - This conveyor uses a pusher bar between
two strands of chain which engage and push the commodity
on a steel slide up an incline as desired. Standard units
are made in 30, 45, and 60-degree inclines.

12, Straight Lift - Comparable to incline in construction but
designed for straight vertical 1lift end lowering.

13. Piling Machine - Sacks and boxes may be piled from a few
feet to 30 feet by this equipment.

14, Lower Lift - Elevates and lowers trays for any number of
stories. Trays may be of cafcteria style or tote box
type for industrial purposes. A variation of this type
is the Record Lift, adaptable for carrying documents for
any number of stories. This machine is used in insurance
companics and hospitals for transmission of papers between
floore.

Other types of conveyors may be produced on special order. Various adaptations
of these mentioned may be found, but in general all in use will fall into one

of the described classes.
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Cranes or Hoists

The hoist was probably one of the first handling devices put to use. Un-
questionably it has helped industry solve production problems which could not
* have been overcome without it. Mony hoists are operated manually, but the
motorized typc meets the need for equipment which speeds work and replaces
hunan encrgy with electric power.

Hoists are commonly used to handle sub-asserblies on production lines,
to center work over machines, to asscmble and dismantle or move large plant
equipment, to transfer materials from one floor to another, and to 1lift and
transport parts from stores to processing and between processes, from storage
to common carriers, in repair and construction work, etec. In fact, the broad
and varied application possibilities emphasize the tremendous importance of
hoisting equipment not only for vertical lifting but for moving materials hor-
izontally on an overhead trolley track, with or without diverting switches, or
on a jib crane.

A disadvantage in the use of cranes within buildings is the amount of
overhead space necesgsary for their operation. This space can be used for
storage if some other type of materials handling cquipment will do the work
efficiently.

Because modern manufacturing processes are so complex, the nced is
great for planning and adapting holsting cguipment to fit the requirenents of
a2 given plant or use. So infinite arc the conditions under which the hoist
must work that careful consideration should be given to frequency of usc, load,
length of 1ift or horizontal travel, manual labor, efficiency, headroom, safety,
and economy. Only through evaluation of such pertinent factors is it possible
to determine what type will best suit a particular situation.

Trucks, Tractors, and Trailers
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Hond 1ift trucks are of two basic types, pallet and platform. The former
requires a pallet with openings in the bottom deck which permit the rear wheels
to operate; the latter o skid. Used within departments and for short hauls,
these trucks simplify routing and placement of storage or production items and
speed their movements. Direct handling economies often run as high as 200
percent on the investment, with this type of equipment. In addition to elimina=-
ting rehandling, the motorized hand-1ift truck has many other advantages over
the push truck and the dolly, such as: (1) greater load carrying capacity
saves time; (2) self-loading conserves manpower - one man can lift, transport,
and deliver multi-unit loads; (3) the safety factor is greater due to load
stability and minimum dependence on human strength; (4) worker fatigue is re-
duced; and (5) less handling controls damage.

The development of self-loading power trucks laid the basis for what are
the most distinctive and important advantages of today's handling system. The
self-loading low-1lift platform truck, provides safe horizontal transportation
of weights up to 60,000 pounds, loads and unloads without straining a muscle,
travels fast, and mancuvers easily in congested quarters. Used with skids or
skid bins, the low-lift platform truck moves extremely heavy loads quickly
within a wide operational area and conserves human enrergy and man-hours while
stepping up production volune.

The particular usefulness of the electric trailer train is in fast long
hauls or great quantities of goods from storage to processing, warchouse to
warchouse, or to loading docks. Although only a tractor driver is required,
as in all other haulage systems, external loading and unloading facilities must
be enployed.

Manufactuerers, .railroads, utilities, and other basic industries use the

crane truck because of its economy, unlimited operational range, versatility,
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spotting accurccy, and great load carrying capacity. In some plants it replaces
the overhead traveling crane to permit the construction of a balcony work area,
thus relieving congestion and increasing production without adding to land re-
quircments.

The development of itinerant materials handling equipment probably did
more to hasten the conversion of straight line production to the more efficient
departmental system of group machines than any other single factor. For where
a number of related production sequences are carried on, the application of
this type of equipment becomes imperative. Electric industrial trucks quickly
deliver materials to and from zone storage with maximum cconony of manpower
and time, while hand-1lift trucks feed parts to machines from zone storage
and to other machines, thus reducing waiting time and increasing hourly pro-
duction.

The biggest share of storage costs often lies in the methods used to move
goods in and out of warchouses, terminals, and cormon carriers. Whether pro-
ducts arc in bags or are machine parts of odd shapes, practically anything can
be put on pallets in quantity and handled with great savings in time, effort,
and storage space. Large heavy pallet loads can be picked up, carried, and
ticred to the ceiling in o few minutes by one man with a high fork 1ift truck,
instcad of many men straining over push trucks for hours, lifting, loading,
and stacking. In recent years, management has done much to minimize the re-
handling factor in distribution costs, but pallets can be used profitably in
many plants that have not yet adopted them.

When there is a flow of materials moving a long distance (over 150 feet)
from a central point to a nurber of destinations, it will probably be found
that a tractor-trailer operation will furnish the most economical answer to the

problemn.
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If there is a regular or intermittent flow of materials, or both, over a
nunber of routes and areas, the solution to the materials handling problem will
be found in 1ift trucks. The maneuverability and versatility of the 1lift truck
offers a practical and economical solution to most types of handling problens.
It is capable of performing a variety of loading, unloading, stacking, mov-
ing and storage assignments.

The lift featurc alone mpkes it possible to use overhead space for storage,
even in confined arcas. Lift trucks are also used for handling bulky, odd-
shaped moterials by cuploying one or more special accessories, such as scoops,
crane arms, rams, etc., which can be substituted for the standard fork equip-
ment.

Because it combines features of all other materials handling systems, the
1lift truck will be found adaptable to almost any problem, especially those not
casily solved by the use of conveyors, cranes or tractor-traller combinations.

Cost Coqggrisons

There 1s no intent to create the impression that any one system is a
"cure-all" for every material handling problen. Each system has its advantages,
if properly applied. The following illustrations and graphs provide a neans
for determining the nost cconomical system on a cost per ton basils.

The relative costs of transporting materials by fork truck and by fork
truck-tractor trailer combination is shown in Figure 6-1.6 The fork truck
provides the lowest cost per ton is short and medium length houls,  For long-
er hauls it is cheaper to place the load on a string of trailers which are
taken to destination. In stevedoring operations the loads are lifted frow the

trailers by the ship's tackle. 1In other applications a second fork truck may

6U’nit Loads, Their Handling - Shipment - Storage, p. 12.
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be needed to completc the operation.

The Low Lift Truck shows the lowest cost per ton because it combines the
sclf-loading feature with a low first cost and low operating cost. Although
its first cost is still lower, the non-elevating platform truck shows a higher
cost per ton because it must be hand loaded and unloaded. Figure 6-2 shows the
relative cost of transporting materials by different types of power trucks, no
tiering being requ.ired.T

The fork truck offers the lowest cost means of tiering materials because
it eliminates all manual operations. In Figure 6-3 the relative cost of hand
piling is compared with stacking by fork truck.8 With hand piling the cost
irecrcases rather rapidly as the piling height is increased but this is not true
of the power fork truck.

Thesc charts, it is felt, clearly indicate that no one system should be
first choice under all conditions but rather show that combination of the
various systems will yield maximum results.

A power truck can make such huge savings in comparison with the cost of
nanual handling, that it nced not be busy continuously to show a profit. In
nany instances, a truck having no more than an hour's work a day can pay for
itself inside of a year. Determination of the volume of work at which power
handling begins to pay is, therefore, one of the very worthwhile, practical
uses of operating-cost estimates.

As an illustration, the advisability of purchasing a 2-ton tow-lift
elevoting-platform truck will serve. Assume that the work for which it is to

be used is the movement of material over o distance of 100 feet. If the mater-

TIbid., p. 12,

Smia., p. 13.
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is pilecd on skid platforms of 2 tons each, the truck, working continuously,
might be expected to handle 53 loads (106 tons) per hour. Its required battery
capacity for 8 hours was estimated to be approximately 8.2 kwhr., the capacity
actually used per 8 hours, approximately 6.6 kwhr.

Under method No. 1, the r.aterial is being moved by hand truckers who
handle an average of 350 pounds per trip and make an average of 20 trips per
hour,

To find the volume of this work above which the purchase of the truck will
show o profit, it is necessary to estimate the cost per ton by the two methods.

A typical cstimate of the cost of operating the truck 8 hours a day would

be approximately as follows:2

1. Net price of truck $2,000
2. Cost of one set of tires 100
3. Depreciation basis 1,900
4, Depreciation: 6 1/2% of Item 3 $ 123.50
5. Annual tire cost + 100,00
6. Net price of battery 450
T. Depreciation: 16 1/2% of Iten 6 74.25
8. Net price of charging equipnent 600
9. Depreciation: 5% of Iten 8 30.00
10. Maintenance of truck -80.00
11. Maintenance of battery 30.00
12. Maintenance of charging equipment 10.00
13. Charging current 40.00
14. Insurance 10.00
Total per year $ 497.75
Total per 8-hour day (basis, 260 days per year) 1.91

Assuming, in order to be conservative, that the cost per day will remain
at $1.91 even though the truck works less than 8 hours and that the operator's

wages are $1.00 per hour, we have the following:1O

IMaterial-Handling Handbook, pp. U48-L9.

101p14., pp.u8-k9
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Hours Total Tons Cost Cost Total Cost

per Trips Han- of of Daily per 100
Day Made dled Truck Weges Cost ton-ft.
1/8 6 12 $1.91 $ .13 $2.0L 17.00 c.
1/k 13 26 1.91 25 2.16 8.30 c.
1/2 26 52 1.91 .50 2.4 4.65 c.
1 53 106 1.91 1.00 2.91 2.75 ¢.
2 106 212 1.91 2.00 3.91 1.8% c.
L 212 Lol 1.91 k.00 5.91 "1.50 c.
8 1L.AT &,

ho 848 1.91 8.00 9.91

The hand-trucking cost will depend very largely on truckers' wages. If
wages are 50¢ per hour, the cost on the basis of 3 1/2 tons per trucker-hour,
will be 14.3¢ per ton. If, therfore, there is enough work to keep the truck
busy 1/4 hour a day, it will begin to show a profit.

The price of the truck has been assumed to be $2,000, the price of the
battery $450, and the price of the charging equipment $600, making a total in-

vestment of $3,050. The agnount earned on this investrent may be estimoted as

follows:11

Hours Tons Power Hand Saving Saving © Per
per Han- Trucking Trucking Per Per - Lent
Doy dled Costs Cost Day Year Return
1/h 26 $2.16 $ 3.72 $ 1.56 $ Lhob 13
1/2 52 2. 7.45 5.0k 1,310 43
1 106 2.91 15,16 12.25 3,180 104
2 212 3.91 30.32 26.41 6,870 225
L Lok 5.91 60.64 54.73 14,230 466
8 848 9.91 121.38 111.47 28,951 9k9

Thus, under the conditions assumed, the truck would pay for itself within
a year if kept busy one hour a day, and in about a month and g half if kept
busy all day. There are recorded instances in which even this maximum return

has been exceeded.

llIbid.a’ PP. ha-l'l'go
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One recason is that, as a practical matter, hond trucking costs do not re-
main the sane regardless of volume. Experience has shown that an aisle-way
used for hand trucking, always has o volume limit above which congestion occurs,
slowing down the movement and raising the cost. Depending upon the width of
the aisle, the assumed hend-trucking costs, as shown in the foregoing table,
would probably be excceded long before the volume hed reached 848 tons per day.

However, the most important fact denonstrated by such cost analyscs is
that a truck neced not be busy all day in order to earn a direct profit.

In organizing an industrial-truck handling system it is necessary to deter-
nine the best size of unit load for the commodity to be handled. This will in-
dicate the requircd size or load-carrying capacity of the trucks to be used,
while the length and number of trips per day, plus an allowance for maneuvering
and other delays, will indicate the required number.

As an exanmple, assume that 1,200 two-ton loads mounted on skid platforms
are to be moved 100 feet in one eight-hour shift., From a manufacturers' speci-
fications a 2-ton low-lift elevating-platforn truck could be selected for which
spceds would be given as 40O fprm loaded and 500 fpm light; time to pick up
load, 4 scconds; time to release load, 3 second.12
On the basis of these gpecifications, the tinme for one round trip would

theoretically be:

Seconds
Pick up load L
Carry load 100 feet 15
Release load 3
Return light 100 feet 12
Total 34

121pia, p. k2.
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As a practical matter, allowances tust be nade for acceleration, turning
around, nmancuvering into position to pick up or rclease loads, and unforcseen
delays, which collectively may be termed the delay factor.

Ordinarily the delay foctor is greater for short trips and smaller for
long trips. It also varies as a result of other factors such as the skill of
the operator and the number of different routes on which one truck wmay be used.
Typical values for lift-and fork-trucks are:

Delay Factor

Length of (Ratio of Elapsed

Route (ft.) to Running Time)
50 &
100 2.0
250 o b
500 1.2

If a delay factor of 2.0 is aopplied to this exarple, the time per round
trip would be increased from the theoretical value of 34 scconds to 68 seconds.
On this basis, one truck may be expected to make 53 trips per hour and 424
trips per 8-hour shift., To handle 1,200 loads, three trucks would be neecded.

Final Analysis

When the materiasl handling problen appears to be properly solved, use the
check lists as follows to make certain all points have been given proper con-
sideration.13

Production Check List

1. Are supplies transferrecd from cperation to operation without
nmanual handling?

2. Are they placed directly in the nmachine?

3. If they must be hand fed, are they placed so that the machine
operator makes no unnecessary notions?

131pid., p. 6.



L, Are supplies always delivered at the speed they are used?

5. Is set-up time at minimum? Are tools changed as rapidly
as possible? Are supplies delivered in units large enough
to get the longest possible runs per set-up?

6. Is the plant laid out primarily for "straight-line" pro-
duction or for process efficiency? If the latter is preferable,
would more flexible handling methods permit its installations?

T. Has manual handling been eliminated where ever possible?

8. 1Is scrap disposed of without manual handling?

Recelving and Storage Check List

1, Are incoming supplies (other than bulk commodities) received
in unit packages suitable for power handling?

2. Are they unloaded and delivered without manual handling?

3. Are they stored to the roof whenever possible, without
manual handling?

Packing and Shipping Check List

1. Are completed products packed in unit loads suitable for
power handling?

2. Are they stored to the roof where possible, without manual
handling?

3. Are they stowed in outgoing carriers without manual handling?

Costs Check List

1. How many employees are engaged in handling supplies full time?
Part time?

2. 1Is any skilled employee ever required to do ordinary handling
work?

3. What proportion of the direct labor pay roll is represented by
handling?

k., What is the cost per ton-foot of handling supplies between
departments? Within each department?

5. What is the cost of defective supplies and spoiled work? What
proportion from present handling methods?

6. What is the cost of lost time? What proportion from present
handling methods?
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T. What are the present compensation rates and to what extent can
they be reduced by the reduction of handling injuries?

8. What proportion of lost-time accidents are a result of manual
handling?

Hondling Systemg Check List

1. If handling has been mechanized, are the systems in use best
adapted for the work?

2. Have they been supplemented by all improved auxiliary equipment
capable of effecting further net gains?

3. Has everything possible been done to assist suppliers to ship
in unit packages suitable for power handling?

Figure 6-4 shows the planning of transportation facilities for small
aasemblies.lh

The machines for primary operations, punch presses, spot welders, and so
forth, are arranged in straight line flow. The machines are laid out in a
double row with an overhead conveyor line between them, This conveyor is
equipped with special carriers and is used to transport the assembled tanks and
driers to the brazing rocm. It also serves as an overhead storage for the tanks
which are bulky and difficult to store.

On the loading end of the furnace chain belt, an operator removes the tanks
from the overhead conveyor as 1t passes within easy reach. On completion of
brazing, an opertor removes the tanks from the furnace and hangs them on another
conveyor which transports them to the buffing operation. Following buffing
they are again transported to the testing line where they are placed on one of
three trough belt conveyors. After the valve parts are assembled and the stem
is tightened on the seat, the tanks flow to test booths. As the test operator

needs tanks he causes the conveyor to move by a control button located in his

booth. After testing, the tanks are placed on a second trough conveyor for the

lh"Néw Layout for Small Assemblies Returns First Cost in Six Months,"
Factory Maragement and Maintcnance, C (July, 1948), 100-10l1.
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remaining asscubly operations.
The asserbly floor was arranged to keep transportation of parts to o mini-

mun ond to arrange the different lines for proper space utilization.



CHAPTER VII

STORAGE, WAREHQUSING AND STORESKEEPING

The department of stores is charged with the responsibility of physical
possession of the materials in the plant. Stores nay be held in a central
storesroom or in departmental storesrooms, either under control of departmental
stores organizations or of central stores or maoterial control organization.

The latter is preferable, for the reason that it entails a smaller organization
and less clerical labor, and also tends to reduce inventories by being able to
transfer surplus stock from one storesroom to replenish depleted stock in
another.

Even where an organization operates plants in different localities, a
central naterial control is usually desirable. In such cases cach plant main-
tains its own detailed records and balance-of-stores ledgers, but a master con-
trol should be kept by the central organization, to which variations in the
stores of the individual plants should be reported at regular intervals, daily,
weekly, or monthly as nay seem most desirable.

Intelligent planning ahead of production can avoid hours of labor and
dollars of expensc. The best results and a minirmun waste of space and operat-
ing cxpense will result from observing the following sequence in planning new
storage areas:t

1. Plan structures so that entronces, aisles, posts, platforus,
windows and other necessoary features will not interfere with,
but will facilitate, the most desirable layout of the stores

themselves.,

2. Determine proper layout of storage and alsle space, with
general location of items, and calculate total space needed.

1. P. Alford, Cost and Production Handbook, p. 488.




3. Determine proper unit storage space.

4, Determine proper aisle spaces.

5. List and classify all items according to:
a. Measurenents,
b. Difficulty of handling.
¢c. Frequency of use.

d. Special considerations, as of sensitivencss,
perishability, or of peculiar similarity.

e. Quantities to be carried.

An important feature of inventory control is classification and its ex-
pression by means of symbols. It should be reduccd to a unified system. This
necessitates o careful grouping of all activities. The systen of classifi-
cation should follow fundamentally the order of accounts shown in the general
ledger. The main groups usually encountered are as follows:2 (1) raw mater-
ials; (2) work in process; (3) manufactured parts; (4) parts purchased -
finished; (5) finished products; and (6) supplies and perishable tools.

Within groups, the plan of classification must be determined upon a logi-
cal basis. All items being grouped under their proper classification, each
itenn should receive a distinctive symbol and description, and each should have
o distinctive place in its own group.

The storage arrangenents are affected by the character of the materials
to be stored. Materianl that is not affected by weather can be stored out of
doors, or at best under an open shed, or merely protected by a roof to prevent
its becoming buried in snow, sleet, or ice. Sand, lumber, unmachined iron
castings fall in this category. Materials such as plaster, cement, must not

only be protected from the weather, but rust be stored in places that are dry.

°Ibid., . 488.
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Maoterials that are subject to corrosion such as nachines, castings, and forgings,
must not only be stored in dry places, but in certain instances must be slushed
to prevent rust. Liquids or materials whose character is changed by low tenpera-
tures nmust be stored in heated storesrooms. Dustproof bins rmust be used for
storage of such iteus as finished textile goods and other materials which may

be donaged by dirt.

The problem of allocating space in a storage area is simplified by select-
ing certain products as yardsticks and to convert the storage epace require-
ments of all other products iato the equivalent of those products. This yard-
stick is known as the standard unit storage area ond is the basis for the entire
layout. To avoid confusion in the indexing, rows of such size as to require
the splitting of the standard unit should be avoided. For instance, if 2 unit
is 3 feet long, a row may be 12 fecet or 15 feet long but should not be 10 feet
or 14 feet long. Bins are frequently smaller than the standard unit, and space
for them rust be planned accordingly. If the rectangular unit is not square,
it is wise in planning for floor or platform areas to have the short dimensions
of the unit parallel the length of the row and the long dimension is its depth;
for instance, if the unit is 4 x 3 fcet, a row of five such units would be 4
fecet wide and 15 feet long - the units adjoining eech other on their longest
side. A double row of 10 units would be two single rows side by side, giving
a storage area 8 feet wide and 15 feet long.

When planning layout for bins, it will frequently be possible to have the
outside depth of the bin just half the depth of the unit area; for instance,
if the unit area were 38 x 30 inches, one unit area would hold 2 bins, back o
back, resting on the 38 x 19 inch side. A single row of unit arcas would thus
serve without loss of space, for a double row of bins opening on the 38 x 19 inch
side. A floor or platform layout for bulk or case goods, planmned with such a

unit, would provide for a double row of units which would nake the maximun stor-



age space 76 inches deep.3  (See Figurc T-1)

Whether platforms or bins are used, sub-aisles on each side of every
double row give the necessary direct accessibility to every storage space. In
general, a layout planncd with the staondard unit areas is flexible, affording
the desirable possibility of using the same space at different times to adapt
the layout for different purposes, without upsetting the existing plan,

In oblong sections, crosswise rows are preferable to lengthwise rows. (See
Figure 7-2). If a section is opproximately square, the rows should gencrally
be at right angles to the direction of greatest traffic.h Parallel rows.only
should be in any given section. Rows of different directions, as at right
angles to each other or lining all foﬁr walls, should be avoided.? (See Figure
T7-3). Any necessary change in the direction of rows should properly determine
2 new section as it is difficult to number consistently the rows in a single
scction if they run in different dircctions. The common tendency to line all
four walls or boundaries with storage spaces is to be avoided. If such a con-
dition is found ready-made, it should be treated as an exception and remedied
ot the first opportunity. This is not always easy where shelves or racks arc
built in and is another argument in favor of interchangecable unit bins., If
the initial rows run cast and west, all the rows in that section should be
parallel to them not only for ease in numbering, but also for econony of sgpace.

Straight lines and right turns should be used for aisles and rows.

Econony of space is increased by uniforuity of plan. Aisles are to be governed
by nccessities of use in determining the width, location and arrangewment,

The bulk of the material and the size of the conveyors are deternining

3Ib1d., p. L492,
thid., P. h92.

5Ibid., p. 49349k,
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factors for the proper width of aisles. Main aisles should be wide enough only
for the work to be done in them, such as for a given truck to turn around. Main
aisles for two-way passage of trucks may need to be 6 or 8 feet wide or even
more, according to conditions. ©Side ailsles, connection aisles, or those straight
through the building, need be but little wider than the truck aisles. Where
goods are to be carried by hand, aisles may be made thirty inches wide, Aisles
should not be so wide as to allow parking space for trucks.

Walls furnish natural supports for material and natural boundaries for
sections. Floor space along a wall should not be used for an aisle if it can be
planned for storage. An aisle along the wall can serve directly only one row
of storage space across from the wall. If every aisle serves a row on either
side, the proportion of aisle to storage space can be kept at a minimum.® (See
Figure T-4)

Haphazard marking of location is to be avoided. The marking system should
be buillt up so logically that the process of locating any one item will be con-
sistent with that of locating any other. Standard base lines or points of refer-
ence from which to begin any series of location symbols should be reasonably
permanent. The boundary lines of all divisions of storage space should be clear-
ly marked.

The symbol should be short, easily understood and remembered, and in itself
a guide to the location designated. Without some system of symbols representing
the complete description, systematic marking is impossible. A simple scheme of
designation, brief, and showing the relation of any particular location to the
whole has the requisites for effective handling of the problem. Sections and

rows can often be indicated by painting symbols on girders, crossbeams, or posts.

6Ibid., p. 496,
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Location symbolizing should be done in such a way that in case of cxpansion
the existing symbols will be subject to the least change. If possible, addi-
tions to a given layout should make normal and convenient additions to the
existing norking scheme and not require the re-wmarking of all or part of the
layout.

The stores layout is divided into spaces definitely graded according to
size, for the definite location of every item of stores. Any particular bin
may have subdivisions vhich, however, will not be given special dasignation.

The graded spaces larger than the unit are, in order of size, the section, row,
series, and building or field, as the case nay be.

Probably direction of future expansion is the most important factor in
deternining from which point or boundary the lettering of any one se¢t or group
of spoces should begin.7 (See Figure 7-5). Natural bounds such as walls,
aisles, roads, erbankments, or streams and the like, will play o part in deter-
nining such expansion. By having the lettering run from A toward Z when letter-
ing from north or east, and reversewise from Z toward A when lettering from
the south or west, o general consistency of direction in all the lettering will
be preserved.

Buildings, if lined up unifornly, should be lettered consecutively; if
scattered irrecgularly, they may be lettered arbitrarily. In the case of
standard warchouses, with.novable partitions across the entire building, the
position of the movable partition depends on the relative ancunt of material
to be handled at either end. If any row or other division is incomplete, allow-
ance should be made in the lettering so as to preserve uniformity with cowplete

L]

Tows.

TIbid., pp. 498-499.
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Definite spaces, prefcrobly marked, should be reserved exclusively for:
(1) noving; (2) stowing; (3) receiving; (4) assenbling; and (5) shipping.
The clcar and complete identification of each item is important. Identi-
fication of every iten involves: (1) a tag for each lot; (2) a label on each
unit or package, preferably on the end. Package identification marks should
preferably face out, or be conspicuous.
Location of an item is governed by:
1. Difficulty of handling.
2. Quality to be carried.
3. Frequency of use.

k. Special considerations as of sensitiveness, perishability,
or peculiar similarity to other iteus.

5. Safety (floor strength, fire hazard).

Immediate accessibility of items, lots and units, without rchandling
means: (1) goods should be stowed in issunble units; (2) cach item should be
kept distinct. Therefore, a unit of one iten or lot should not be stowed on
top of or in front of a unit of o different iten or lot. (3) Goods should be
placed so thot the greatest nurber of individual units or packages will show.
This facilitates counting, as well as accessibility.

Fire proof buildings ond bins, protection of windows and doors, accessi-
bility of stores to hose streams and automatic sprinklers, are the most obvious
neans of protecting stores. Portoble elcectric larps should be enclosed in wire
cages to prevent igniting inflammable goods when laid down on them for. any.
length of time. Storesrooms should be of fireproof construction, particularly
where their contents are inflammable. Not only are greater total values con-
centrated in then than elsewherc in the plant, but the greater volume of goods
increases the fire risk.

Storage of inflarmable material presents special problens. Where it rmust
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be stored in bins, these preferably are to be of metal or other fireproof con-
struction, with automatic sprinklers in each bin. For certain classes of goods,
such as oils, etc., foamite sprinklers should be supplied. Gasoline and fuel
0il should be stored in underground tanks. The tanks should be vented to pre-
vent accumulation of explosive gases in them. Explosives such as blasting
powder and dynamite should be stored at a distance from all buildings. Store=-
houses for explosives, which should be used for no other purpose, should be of
heavy masonry, with a light, flimsy roof. In event of an explosion the force
will be expendecd through the roof without damage to the rest of the structure.
Storage of explosives in cities is usually regulated by municipal ordinaces,
and permits are required. Preventions from rust may be accomplished by slush-

ing or painting.



CHAPTER VIII

ORGANIZATION AND MANAGEMENT

Fixing definite tasks and responsibilities in an organization is an
absolute requirement to satisfactory cost and production control. Such prac-
tice is likewise a prerequisite to personal efficiency of every industrial
executive. Concept of organization and included functions show that it is the
means in industrial operation whereby the will of whoever makes decisions is
put into effect.

Before any organization structure can be determined, certain fundamentals
must be defined, These are: (1) policies; (2) authorities; (3) responsibi-
lities; and (4) duties or activities.l

Policy - A code 6r general rule which states the established procedure to
follow in a recurring situation.

Authority - The right of one person to require another person to perform
certain duties or the right to act, decide, and command.

Responsibility - Responsibility is accountability for the performance of

assigned duties. It is a moral attitude. Organization design calls for set-
ting up LIMITS OF RESPONSIBILITY for each activity and effort.

Duties - The duties allotted to an individual are the activities he.is
required to perform because of the place he occupies in the organization. A
duty may be called that which a person is bound by obligation to do., In
industry, it is often called "a piece of work", "a job", "a task", or "a work
assignment”., In an organization sense, it is a contribution to the goal or

objectivity.

.. P. Alford and J. P. Bangs, Production Handbook, p. T.
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An industrial organization structure must recognize (1) levels of authority
and (2) degrees of responsibility. To be effective, these must have lines of
communication, which include lines of authority and lines of response. The
line of authority is from the top to bottom of the organization structure and
the line of response is the reverse of the line of authority. (See Figure
8-1).

Work division is the foundation of organization. This megﬁs the division
of work to be done into defined tasks and assignment of these tasks to indi-
viduals qualified by training and natural characteristics for thelr efficient
accomplishment. The assignment of separate duties becomes necessary because
(1) the volume or amount of work to be done in an industry becomes so great
one man does not have sufficient time to execute his duties properly; (2) the
capability, nature, and skill of men differ (if all decisions are to be ren-
dered by one man, yhat will be the effect when he leaves the organization?);
and (3) in most instances, one men does not have adequate knowledge of en-
gineering, finance, manufacturing, sales, and controlling to administer the
organization efficiently.

It is only fair to mention that work division has limitations, such as
(1) disadvantage of subdividing work too minutely and (2) technology and custom
make it uﬁprofitable to subdivide certain kinds of work.

After determining the fundamentals of policy, authority, responsibility,
and duties, set up a table covering:2

| 1. Degree of responsibility.
2. Level of position.

3. Range of duties.

Tbid., p. 10.



LINE  OF

PRESIDENT
AUTHORITY

GENERAL MANAGER

SUPT. OF PRODUCTION

FOREMEM

WORKMEN

LINES OF AUTHORITY AND

Figure 8-1

A LINE OF
RESPONSE

RESPONSE
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such as:

Degree of
Responsibility

1st

2nd

3rd

hth

5th

Level of Position

President

General Manager

Superintendent
of Production

Foreman

Workmen

79

Range of Duties

Administrative
Policies

General Manage-
ment.

Managerial
Policies

Managerial
Control

Operating
Control

General Control
of Production

Detailed Control
of Production

Performance of
an Assigned Job

To these must be added assistants to help in the harmonious functioning

of the organization.

It is not very difficult to make the proper division of work for most

jobs in the establishment; however, determining responsibilities and assigning

duties for cost ocontrol, waste elimination, method improvement, quality main-

tenance, accldent prevention, and service to customers is more difficult.

Figures 8-2, 8-3, 8-4, 8-5, 8-6, 8-7, and 8-8 are examples of tables covering

the salient points.3

Types of Organization

'3"Responsibility Charts", Management Information, (November 22, 1948 -
November 29, 1948 - December 13, 1948 - December 20, 1948 - January 3, 1949 -
Joanuary 10, 1949 - January 24, 1949), 4,




® RESPONSIBILITY CHART

WHOSE JOB IS WASTE ELIMINATION?

@
WHAT NEEDS
TO BE DONE

1 .‘\.]1|=! the causes

of waste

e

™

TOP MANAGEMENT'S
RESPONSIBILITY

To wnform SUPUTVISOTS a8
1 1 W wasle
t I ‘l\lu-.u

Undertake waste re

search

To  tuwmnish SUPETVISOrS
with information reports
and records as to cost of
waste in their depart- |
ments, areas or sections

3. Determine pre-
ventive measures.

To make studies by ex-
ecutives and staff Spe-
cialist into the maost ef-
fective ways to prevent
waste and provide super-
visors with guidance

4. Set up the right
working conditions.

—l‘ll ’)].()\ i(!f' ('l]lll![?!l“].\ —
space, |xi_\'nut. storage
facilities, equipment, and
specifications — which
will make waste elimina-
tion |!u\\:']|h'

5. Use work meth-
ods that prevent
waste

=,
B3,
Py .
SUPERYISOR'S

RESPONSIBILITY

F'o cheek ecach

operation by

joby —
Il}l"r.l-
tion, List all possible
causes of each Kind of
waste, Get right to the
bottom  of conditions

resulting in waste,

To acquaint each work-
er with the amount and
cost of the waste on his
own juob, so that he will

e waste-conscious.

e

To try out and check
all practical means of
prl'\t'nlin: waste. To
make sure that workers
uppi'\ preventive meas-
ures.

RESPONSIBILITY

to reduce  the

waste on his job

To tollow preventive i

structions as eiven by his

To make the best use
of all waste prevention
facilities. To see that
gooid

l'!l llIilI(‘.‘i.‘t und 1)rl](-rli-

housekeeping,

ness are maintained,

To standardize methods
and 1[:'\5'411\
which will

Ilruu-\\r\,

minimize

waste

To see that the most
('I'il"()l'l'lii'ﬂl \\lll’k 'll'll"h-
ods are carried outl on
each job.

To l\'l':'[! conditions n-_-\].r
on his job. To natify su
pervisor of any condi-

tions which create waste

To follow instructions of
”Il' .\“IH'['\I\“T_ '.I'Ill! s
the methods as directed.




WHOSE JOB IS IT TO CONTROL THE COST
OF TIME?

Time is one of the costliest of items. It makes up a large part

of the final cost of every product or service. We must all use

time efficiently and economically.

W hat Needs
to be Done?

1. Understanding of
the money value of

9

Time records.

Time savers,

y. Llose supervision

.\-—\,’/"'*u )

N’ 9
———' "'-_

O K

Top Management’s

Responsibility

Supervisor’s
Responsibility

To impart to work-
ers how much time
is worth—how much
small items of idle
time cost when
totalled up.

To be sure that a
standard time is ac.
tually set for each
job, To see that each
worker knows what
s |'\'|"|"l‘li {r')li‘
him each hour, day

or week,

o study time rec-
vrids so that any fail-
ure (o turn oul the

pected work is
quickly detected and

corrected,

To be on the look-
oul for ways to save
time on every joh

supervised,

F'o observe and
eliminate any time
killing and wasting
practices, See  that
workers follow time-
saving methods as

instructed,

W orker’s
Ri'.\punsfb”!-f_\

dn nour s

tor an hour’s

mast eeo-
nomical time-saving
methods n the Jr.-E-
To cut corners with

out cutting quality or




RESPONSIBILITY CHART ® Costs are aflected by the efforts of

evervone in an organization. Topman
'.I.":["I'III‘II[_ \Illl!'l\'lm\l-\ .]1|{l \\ll'll\('l\ AlR

WHOSE JOB I$

all l:'\lmrl\ﬂr!v for costs

WHAT IS
NEEDED

1

EFFICIENT
WORKERS

2
MODERN
EQUIPMENT

3

ECONOMICAL
METHODS

e

CAREFUL
PLANNING

CLOSE
CONTROL

TOP MANAGEMENT'S
RESPONSIBILITY

!l (& ":\1:'_:.-- 5

I'o provic
which will at and

lll"i\‘ l_:lh'\] \\|-1L| s

To keep plant and oper-
ations (‘l]l]ll‘[‘('kl with ef-
ficient machines, tools

and facilities

To lead the drive tor con-
stant improvement an
methods

To set up systems for
over-all planning which
will make economical
utilization of men, plant
and equipment possible

SUPERVISOR’S
RESPONSIBILITY

To train workers well,
arouse their interest in
efficiency,win good will
anil see that 1|||>} are re-
warded for their pro-

duetivity,

To see that t'l]laipnn'nl
is used at maximum
prlulll('li\ﬂ_\. so that
unit cost will be kept
al minimum,

To constantly seek to
||l-\¢‘|n|v the most ef-
ficient methods of do-
ing work. To teach
these methods 1o work-
ers,

To carefully schedule
departmental opera-
tion so as to minimize
idle time of workers
and equipment. To use
equipment and work-
ers 1o best possible ad-
vanlage.

To establish cost control
methods which will spot-
light any wastetul or
costly methods or opera-

tions

To supervise closely all
workers, methods and
operations so that ex-
cessive cost is spotted
and corrected prompt-
Iv.

WORKER'S
RESPONSIBILITY

\\l'l]\ ‘-\.l\||l'_'|\ \\I".‘.\ i

miunimum of waste

To operate equipment so
that its maximumn e
ductive capacity s real

ized

To !l‘l]n\\ economica
work methods as in-

structed

To use l'.u‘]: hour pll'-
ductively. To plan work
to save time. material

and power

To do work so that the
least ]!"\Hll‘\]i' cost 151
volved. To help keep
costs within ]-Irmlll'-r-'!

limits




Whose Job Is It (o Make Work Easier and Simpler?

WHAT NEEDS
TO BE DONE

RECOGNIZE THE WORTH-

WHILENESS OF DOING

WORK IN THE SIMPLEST
AND EASIEST WAY.

2
LOOK FOR EASIER,
SIMPLER METHODS.

3
STUDY INDIVIDUAL
JOBS.

MAKE IMPROVEMENTS
PROMPTLY.

Y
KEEP ON IMPROVING
WORK METHODS.

® There's nothing to be gained by doing work the

hard way, H

found, efficieney

an easier and -itn[lll-r Wiy cun e

will be

inereased, waste effort

eliminated and better results will be obtained a

lower costs to the customer, Goods and serviees are

muore salable when produced and delivered at the

lowest |n|--.ih|-- cosl,

TOP MANAGEMENT'S
RESPONSIBILITY

Py advert
throughout tl
rement

tion that top

impler

of getting work

To constantly

peaple to

.|:s|||!l.".'- -!|~

CRNCOUrage

11
look for wavs to

To L”-:\ imterest alive in
:||..L||:-_[-|:|\|t|-1\::n-u!\ To
make to all that
improvements in work
methods makes the com-
g-u:n[nf:t]\r

it clear

pany  more

.l|l|! ril!“- IMare secure,

SUPERVISOR'S
RESPONSIBILITY

To make understood
that any present method
will be gladly changed if
a simpler and easier way

can be suggested,

To look at

present methods with a

constanl |_\

eritical eve. Ask, “is this
the easiest way, the sim-

plest way 7™

To make the rounds, job
by job, making a thor-
lllj:i! ;lll:ll.\'\i-\ 'Ir "il"l.
joh so that no oppor-
tunity for simplification

is overlooked,

To put easier. simpler
methods to work ju-.l as

SO0 a8 !m--ihlo_

To start all over again
as soon as the rounds
I]il\'l‘ I"'Q"" I'“i“ll'. '\1" an
the principle that a still
better way can always be
found.

WORKER'S
RESPONSIBILITY

To ;-nr"[‘a--r.:T'.‘.1-|\' accept
new methods and refrain
t any delaying action
in getting the benefits of

simplification.

To accept the fact that the
one constant thing is
change. That his own job
is safer and more secure

if it is being done in the

most efficient way,




WHOSE JOB IS

?‘l* .ﬂfﬂdflf'!' i f}r’”l‘"f'f or rl'“d!'r a service I('-‘Il‘l"h measures HP o

high quality standards everyone must do his part. It only takes

one person to spoil the quality work of many careful workers.

WHAT I8
NEEDED

1. Quality standards
must be set und une

vowork meth

5. Quality working

conditions

TOP MANAGEMENT'S
RESPONSIBILITY

I'o establish definite
speciicatbions tor the
[\.‘l'\il!-_f-l! service and
determine what toler-

e permissible

I'os buw the kind of ma-
terials from which a
.!:|.||ft‘. ll":l'\].iIL[l'.lll}'l'

'.I'..l'.!".

F'o provide the ri
tools,
equipment.

eht
machines and

To standardize meth-
l'\l.\ an |\1\|1'|':~\G|‘\
which will give li||‘l1'

ity results,

To pron ide working
conditions which will
encourage ||||.1I|I\

\\n:Ll-\-,n-.‘ui\

SUPERVISOR’S

RESPONSIBILITY

To know the re-
qul‘rwf ﬂf[lﬂf’flrf!s
and clearly inform
workers as to quality
standards ex pecte d
of them,

T'o see that the speci-
fied material is is-
sued to workers and
make sure .‘fle'l\ use
i,

To see that right
tools and equipment
are used on each
job, and that they
are kept in proper
condition and ad just-
ment for quality
work.

To help in the de-
velopment of quality
job methods and
thoroughly instruct
workers in the qual-
ity methods.

To keep work areas
orderly, safe. clean
and shipshape. To
treat workers so that
good-will and co-
operation are main-
tained,

WORKER’S
RESPONSIBILITY

To have a clear under-
standing of minimum
quality standards be-
tore starting to do a
job or meeting a cus-
tomer :

To use the correct ma-
terial specified for the
job.

1se the correct to
equipment, and

wediately report

any need for repairs or

adjustment,

To do the work in the
manner exactly as in

structed.

To share and cooper




RESPONSIBILITY CHART

Whose Job is Safety?
i) / }

WHAT NEEDS
TO BE DONE

1

SELL
SAFETY

-

2

SPOT ACCIDENT
CAUSES

3

REMOVE
HAZARDS

4

SET AND MAINTAIN
SAFE WORK
STANDARDS

5

FOLLOW
UP

TOP MANAGEMENT'S
RESPONSIBILITY

To impress all with impor-
tance of satety, To put

safety on

11 T

ekl ever of
i

other

credit

to !\il'['ll'!\l\ﬂf!\ “'llﬂ l.lLl'

Hnportance w th

functions, To give

safety seriously. To adver-
tise and posterize satety
throughout the organiza-

tion

full

AssIS

T'o gIVe supervisors

stafl

tance in analvzing the

support  and

causes of accidents

To be ready to correct or
safeguard every hazard

I make that every

sure
Supervasor s \inln'.: lis
duty in preseribing safe
wark methods, rules and
To back up
the supervisor in the en-

work

I1".'_II!.lr.’|-uI|\.

forcement of safe

stundards

To keep alive the interest
in salety ]": constant em-
IJlI.I'\I\ on importance of
sifety. To hold supervisors
aceountable for all acci-

dents.

SUPERVISOR'S
RESPONSIBILITY

To show every worker
what safe work means to
himself, his family and
fellow workers, To make
full use of counsel and
aids made available by
safety department or top

management.,

To l-nrlnl.'lnli_\ observe,
in-pm't and  detect any
conditions, work habits,
or altitudes which might

cause an accident.

To act promptly in re-
moving any hazard. To
safeguard the hazards
which can’t be removed,
Toinstruet workers thor-
oughly in the safe way
to perform hazardous
\un’k.

To determine the safe
wav 1o do each job. To
enforee rules amnd regu-
lations. To make certain
thiat ey ery worker knows
the -ilfr'l_\ standlards on

his jl]ll,

IF'o develop a plan for
pl‘l"illilil' .hur(‘l_\ contacls
with each worker. To in-
spect regularly. To set a
constant safety example.
To devise wavs 1o lu'('p
safety work interesting,

WORKER'S
RESPONSIBILITY

To heed safety instructions
and lu'|il to impress te How
wWor rs T

with 1y LI

safety. To set ;

mnl
example to new workers

To be alert to spot possible
accident canses and re port

them immediately

To F\!'i'il the work place as

of hazardous condi-

Frese
tions as possible. To re
lil,'l'\r FII'[]I to remove haz
and correct condi
tions bevond his own an

thority and control.

.:I:l\

To follow salety instrua

tions, rules and standiards

To avoid overfamilirity
with hazards. To avoid
chance-taking. To remem
ber that the law ol aver
ages apphes o injuries

that
mitted h-'\‘l:vrll!\' will

an unsate act com

T |\ "11![ in an accident

evientually




Aetually, we all work for the costomer. The customer is the one we

¢
(73
DY

O
%

must all serve, Il the costomer i= ot satished e swill spend his .°

dollars elsewhere, I we deliver poor quality products or serviee,

the customer will seck some

WHAT NEEDS
TO BE DONE

 §

DETERMINE WHAT
THE CUSTOMER
WANTS

2

MAKE IT CLEAR THAT
THE CUSTOMER
IS “BOSS™

3

SET HIGH STANDARDS
OF QUALITY AND
SERVICE

4

LET EVERYONE KNOW
HIS PART IN SERVING
CUSTOMERS

5

DELIVER TO SUIT
THE CUSTOMER

TOP MANAGEMENT'S
RESPONSIBILITY

Ty |-\-1EI constantly b
fore the entire organiza
fact that busi
jobs  depend

tion thie
HUSS .lll']

upon satishic d custormers

To know the |i|'..|lll\ ol
ium]un't- and service
proy ided by compeh
tion, and set standards

-.‘n_.”\ high or higher

To hold SUPCIVISOrS g
countable tor their part

I customer service

To establish controls
plans and schedules that
will insure deliveries on
tirne, at the right price
and o the

tities

ather

sonree to =ati=fv his

SUPERVISOR'S
RESPONSIBILITY

o thoroughly  Famili-

arize himsell with all

information available
s b what will best sat-

isly customers,

For il intor the minds
of vach individoal em-
plovee how dependent
the employee is upon
the continued patron-

age of customers,

Fo see that quality
stundards and custom-
er oservice are main-

tained at highest level,

To instruet each em-
ployee carefully in how

1o do his work so that

|I|‘u|||ll'h anil

service are lh‘li\!'r’!'l‘.

To plan, to lavout the
work, to I\m'|| work up
1o sehedule and o vigs
orously avoid any slip-
up that will inconyveni-

cnee a customer.

teeds

WORKER'S
RESPONSIBILITY

lll l!" I'|I
the customer wil

vithue Tor his dollar

T live up to the stan

dards set.

I'o know how his own
afleets th

cill.l!i!\ of service to eus

pertormance

tomers

To do work |m|u-l||.||1\
to meet customers cou
|l'lIJI.\[_\' to ive the cus
tomer  the l]ll.:[ll\ il

service he expects
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Attempts have been made to classify and identify various forms of organi-
zation. It is unlikely that any one of these as such can be found in any
manufacturing organization. Rather, organization of industrial concerns will
be a composite of various forms, the particular variation or combination being
dependent upon the existing conditions. The four elemental types of industrial
organization which are recognized are these:

1. Line or military organization,
2. Functional organization.

3. Line and staff organization.
4. Committee organization.

Line or Military Organization

This is probably the oldest and most c0mm$n form of organizetion. It is
also the most natural, being based on the ancient military organization and
not the modern army orgenization.

Lines of authority and instruction are all vertical extending from
superior to subordinate as shown in Figure 8-9, Duties and responsibilities
may be deputized from general manager to superinterndent and from superintendent
to foreman. No foreman exercises authority over or gives instruction to any
other foreman; no workman owes duty to anyone except his own immediate super-
visor.

Advantages of this type organization are simplicity, clear definition of
duties and responsibilities, and ease of securing discipline.

Disadvantages are rigidity and inflexibility, difficulty of operation in
complex undertakings, overloading a few men, disaster if top executive is
lost, and necessity of passing instructions along a series of executives.

Functional Organization

The functional form has been developed to make use of expert knowledge and



GENERAL
MANAGER

SUPT, OF
PRODUCTION

FOREMAN FOREMAN FOREMAN
ety ety gutany ¢ Nomnlmesasm T ¥ i o | |
WORKMEN WORKME ORK EN

LINE OR MILITARY TYPE ORGANIZATION

Figure 8-9
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advice. Mental and manual work is subdivided and deputized as shown in Figures
8-10 and 8-11. 1In the example, the chemist gives advice to all foremen on
chemical matters, the engineer or engineering matters, and the superintendent
on metters in regard to actual production..

Lines of authority and instruction pass from each advisor to every func-
tional foreman and from each functional foreman to every workman. Duties of
the foremen may be quite different, for each may have charge of but a certain
aspect of the work. Different instructions will be received by the workmen
from each foreman.

Advantages of this type organization are separation of mental and manual
duties, maximum of expert advice, minimum of functions assigned to any one
person, and high individual efficiency.

Disadvantages are weak discipline, difficulty of coordinating separate
functions, and tendency to produce narrow specialists among executives and
automats among workers.

Line and Staff Organization

This type arrangement combines features of both line and functionsal
types. Figures 8-12 and 8-13 show the genernl plan. This arrangenent rakes
a clear distinction between doing and thinking. It permits a specialization
by desirable functions but maintains integrity of the principle of undivided
responsibility and authority.

The line element serves to maintain discipline and stability, and the
staff serves to bring in expert information. The staff function is strictly
advisory and carries no power or authority to put its knowledge into operation.

Lines of authority and responsibility are vertical for line executives
having least complex duties and spread from staff advisory to line executive

wherever expert knowledge and counsel are needed.
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In general, advantages of this type of organization are: based on planned
specialization, expert knowledge of management and operating problems, more
opportunity for advancement for able workers in that a greater variety of re-
sponsible jobs are available, mekes possible the principles of undivided respon-
sibility and authority and at the same time permits staff specialization, and
repays its added costs many times due to increased efficiency of operations.

Disadvantages are: Unless duties and responsibilities of staff members
are clearly indicated by charts and manuals there is too much confusion, staff
may be ineffective for lack of authority, friction between line supervisors
and staff members unless they see alike, expert advice since it goes through
supervisors may be misinterpreted before getting to the workers, and resentment
by the line supervisors.

Commifttee Organization

This 1s a modification of line and staff type where advisory functions
are exercised by committees. (See Figure 8-14). The committee organization is
supplementary to both line organization and line and staff orgenization.

The committee is purely an advisory group. It is (1) set up to investi-
gate operating problems or questions which arise from time to time, (2) set up
to make recommendations or formulate procedures, and (3) set up to turn results
to proper executives or supervisors who may be members of the committee for
action.

Typical committees in a small organization might include general purchase
control, gquality, and scheduling.

Organization Charts

The next step is to prepare an organization chart. These may vary to

meet each individual's need, but normally basic patterns are followed.*

bp1fora end Bang, op. cit., p. 42.
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In Figure 8-15, the most common form is represented by Charts A and B.
Chart C is a variant used to save space. Chart D is commonly found in telephone
companies. The boxes often include total number under the direction of each
executive at various levels. Chart E is a new form which has been presented

by Mr. Ralph T. Finnell in the October 1947 issue of Factory Management and

Maintenance.

Who is in charge of what, and who is supposed to report to whom is always
easy to find and is quickly available from the "pie chart" organization plan
illustrated in Figure 8-16.

The semicircular organization chart makes it easy for everyone to follow
the lines of authority and responsibility from the president to the lowliest
helper.

The typical departmental organization illustrated shows the variety of
sectional arrangements within the large groups that can be properly classified.
Any sectional group that might be responsible to two men on the next level of
management can be shown below the segment where the two top men are placed
next to each other on their own level. The linc dividing the activities of
the two men is then placed in the center of the section in the lower level.

Procedure and Standard Instructions

From the information shown on the organizational chart, a standard
operating procedure can be established and a permanent record prepared in the
form of standard practice instructions. These instructions show the duties
to be performed, by whom, they are to be performed, the sequence in which they
occur, and the forms involved.

Assignment of Personnel

With the completion of the next instructions in the form of an organi-

zation manual, the next step is to determine the number of persons of each
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classification required for any given workload under the procedure, To deter-
mine the number of personnel needed for operations, it is necessary to start
at the bottom of the organization and build toward the top. First determine
the number of workmen needed to perform all thc operations. After the step has
carefully been completed, the number of first level supervisors may be deter-
mined, The principle of the span of control should be congidered in this
sccond step, as well as in all steps that follow, When the number of ."irst
line supervisors has been detecrmined, continuc up the organization until all
the line supervisors have becen esteblished. By using the same procedure, the
number of personnel required for staff functions may be determined.
Summary

In summary, the steps in the establishment of the organization and manage-
ment are these:

1. Define fundamentals.

2. Determine degree of responsibility, level of position,
and range of duties.

3. Select the type of organization.

4. Draw organization chart.

5. Establish procedure.

6. Establish standard practice instructions.

T. Determine number of persons of each classification
required for any given workload under the procedure,

8. Select the personnel to fit the organization.



CHAPTER IX

PICKING A PLANT SITE

All over the country, astute progressive companies are deserting the con-
gested industrial sections of cities. They are building new plants out where
land, light, and fresh air are at no premium. Modern flexible transportation
and efficient communication are largely responsible for industry's ability to
take o step of this sort.

General Considerations

The location of an industrial plant is often the result of a cowmpronise
among conflicting social, govermmental, geographic, and economic considera-
tions.t

The decision regarding plant location often involves very large commi-
ments of a relatively fixed nature and limits the adjustment of the enterprise
to changing conditions; therefore, the picking of a plant site should not be
made until all factors have been carefully analyzed.

Alford's Principle

Alford's principle of industrial plant location states that the most
advantageous location for a plant for an industrial enterprise is the one where

the sum of manufacturing and distributing costs are at a m@gimum.a This

principle only takes into account the economic and geographical considerations.
In the complex society in which an enterprise has to function today the other
two--social and governmental--often become the controlling factors. In no

case can they be omitted.

14, R. spriegel and R. H. Lansburgh, Industrial Management, p. 37.

2L, Pp. Alford, Principles of Industrial Organization, p. 12L.
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The success or failure of an industrial enterprise is dependent upon the

location of the plant.

copped in meeting competition of a company whose plant is located correctly.

Detail Breakdown of Factors

The listing that follows is some of the important factors, classified

If it is located wrong the management is greatly handi-

under the various factors of management, that must be evaluated before a final

decision can be properly made as to the location of a plant:3

1. With

Do

3. With

reference to money:

The capital available for investment.
Financial aid from the community.

The value of land.

Construction cost.

Taxes,

reference to workmen:

The supply and value of labor.

Accessibility of the plant to workers.
Favorable climatic conditions.

Sanitary, fire and police protection facilities.
Housing facilities.

reference to materials:

The nearness to and availability of materials.
Electric power, light, gas and water supply.
Buildings available.

Facilitics for the disposal of waste.

3J. E. Walters, Modern Management, p. 200.
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e. Climatic conditions for the manufacture of the material.
f. The character of the site.
k. With reference to marketing:
a. Nearness to and accessibility of the markets,
b. Transportation facilities.
c¢. Dependence upon other industries.
d. Relative values of local markets.
5. With reference to general management methods:
2, The momenium of an early start.
b. The initial buiiding requirements.
c. Possibilities for expansion.
d. Community restrictions and aid.

e. The favorableness of industrial laws of the state--towards
labor, sales tax, corporation tax, etc. ‘

f. General taxes.



CHAPTER X

SELECTION OF TYPE OF BUILDING

In determining the ultimate cost of a complete plant or single industrial
: building as affected by the type of structure sclected, consideration must be
given in most cases, to the relative merits of Multistory and Single Story
buildings.

Engineers have made studies of the advantages and disadvantages of these
two distinct types of industricl buildirgs and their findings arc helpful to
maomfacturers analyzing their building problems.

The Tollowing comparison of the rclative advantages and disadvantages of
Multistory and Single Story Factory Buildings was taken from studies made Dby
The Austin Company, builders of both types of buildings.

Construction Cost

Based on o substantial floor loading per square foot, the same natural
light per square foot and the same cubical contents per squarce foot of plan,
it can be seen by referring to Figures 10-1 and 10-2 that the cost of a Single
Story building of the same gross arca as a Multistory bullding is considerable
less expensive per square foot. In making these comparison charts, the items

that follow were considered:

1. The clevators, e¢'cvator shafts and walls enclosing them add to
the cost of a Multistory building. Most large Multistory build-
ings require either two freight elevotors or one passenger and
one freight clevator.

2. Most Multistory buildings require a stairway at each end of
the building to comply with building codes. These usually
must be enclosed in fire walls to weet building code specifica-
tions, and these walls, together with the stairs, involve
cxpenses amownting to several thousand dollars. When only
one stairway is used, outside firc escapes must be provided.

3. Heavy live load requircments on several floors increasec cost.
In a Single Story building, depending of course upon the
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bearing value of the soil, there is, for all practical purposes,
no limit to the load the floor will carry safely.

4. The combined cost of the roof, and the floor which rests on
the earth in a Single Story building, does not exceed the cost
of the structiral floor which serves as a floor and ceiling,
in the Multistory type.

5. The cost is more for labor and materials, for the building
proper, in the Multistory type, than for these same items in
a Single Story building of the same gross area and based on
the same assumption of natural light, loading and cubical
contents per square foot of plan.

From every standpoint the cost of usable floor space is of wital import-
ance. A building represents an investment and returns on the capital invested
depend largely upon the selection and arrangement of the building. In a six-
story building of 72,000 sguare feet there is approximately five times as
much waste floor space as in a Single Story building of the same gross area.
When there is a maximum of unobstructed usable floor area in a building of a
given gross area then that building will pay the highest dividents for every
dollar invested. It is not the volume of building materials in a structure that
counts, it is the well-lighted usable floor gspace in areas practical for ideal
working conditions. In a Single Story building the construction cost of usable
floor area is approximately 25 percent less per square foot than in a Multi-

story building of the same gross area.

Operating Costs

Manufacturers are beginning to realize that operating costs are usually
more in a Multistory building than in a Single Story building. Studies have

shown that:

1. Less time is lost in handling materials in Single Story build-
ings than in a Multistory buildings, where elevators must be
used.

2. A Single Story buillding saves about 20 percent of superinten-
dents', managers' and other employees' time. Supervision of
a factory situated on one floor is easy because a clear view
from one end of the building to the other is usually possible.
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If one man must supervise all floors in a Multistory building
o large part of his time will be spent in following materials
and men from one floor to another. When it is necessary that
men be located quickly in a Multistory building, aon automatic
calling device must be installed.

A more efficient use of materials handling equipment is usually
possible in a Single Story building--straight line production,
with raw materials entering at one end of the building and the
finished units emerging at the other with materials in a
constant process of manufacture. However, for the manufacture
of certain products o Multistory building may be desirable.

The uses of the upper floors of a building are necessarily
limited by the size or weight of the products that can be
handled by the elevators.

Beside the time lost in handling products on elevators there
is also the expense of cperating the elevators during ecach
year of the life of the building.

Labor cost to operate the elevators is usually an important
item, this is the case whether they are running at all times
or not.

The expense of electric power necessary to move heavy loads
on elevators from one floor to another must be considered.

The cost of maintenance and repairs is continuous from the
time elevators are installed.

In a Single Story building, materials can be delivered to or
shipped from any department direct. In a Multistory building
this is obviousiy impossible.

Single Story buildings are usually erected away from congested
districts ond high land values. Switching service from the
railroads is better because there 1s less freight congestion.

Where manufacturing rcquirements will permit, stockroom faci-
lities can be combined in a Single Story building.

Single Story buildings have the advantage of flexibility due to their

design. A new product can be added to a manufacturer's line with the minimum

of change in this type of building.

Time Required to Build

It is a generally accepted fact that a Multistory building requires a

longer time to build than a Single Story building of the same floor area.



108

Production operations can be storted carlier in a Single Story building
than in the Multistory type.

The Land Factor

The general tendency is to move from highly congested districts and high
taxes. For some industries, whether the land costs $5,000 or $50,000 an acre,
o Single Story building is most cconomical and most efficient. Under present
methods of auto and truck transportation the factory located on the outskirts
of a town or city has many ac .antages.

Light, Heat and Ventilation

Good lighting, both natural and artificial, and abundant ventilation
contribute to increased production. In a Single Story building the entire
floor area is well lighted while in Multistory buildings the well-lighted areas
are limited to the areas along the outside walls, and for the interior floor
arecas artificial lighting is required with continuous expense. The same
conditions apply to the item of ventilation,

Heating is another question to be given consideration in comparing the
relative advantages of the two types of buildings. In a Multistory type the
heating expense is slightly less.

Determining Type

Before a final selection of a type of building a group of factors of the
relative advantages, and the reasons dictating, the types of construction
should be carcfully evaluated.t

Following is a list of iactors indicating and the advantages of a Single
Story building:

1. Low cost of ground.

17. P. Alford and J. R. Bangs, Production Handbook, pp. 730-731.
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Availability of land for expansion.

Less time to build.

Less internal area lost.

High floor loads.

Greater flexibility.

Greater efficiency in material handling eguipment.
Less supervision.

Maoximum use of natural daylight and ventilation.
Occupations easily isolated.

Lower operating costs.

The factors indicating and the advantage of Multistory buildings are:

l.

High land cost.

Limited expansion in areo site.

Basc of expansion if planned,

Limited nced for high floor load.

Product and equipment light in weight with little bulk.
Gravity flow may be utilized.

Less dirt.

Better lighting and ventilating on upper floors.

Lower heat loss through roof.



CHAPTER XI

STANDARD BUILDINGS

The keynote of modern industrial progrees is standardization. This prin-
ciple has been adapted to the construction industry, rcducing production costs
by the production of pre-fob standardized steel buildings.

These standardized steel builldings have been widesprcad acceptance due to
their meeting exact requirements, to their fire protection, to the case and
speed of erection, to the versatility in enlargement, dismantling and re-crect-
ion, to the low annual maintenance cost, and to the economical cost.

Masonry work for installation of standardized steel buildings can most
economically be handled through local contractors due to the many physical
conditions surrounding this class of work.l Roofs can be installed to maintain
almost any desired working temperatures.

When standardized steel buildings are purchased delays and expensc of
dealing with several unrclated sources of supply are avoided. Often there is
additional savings in handling and freight charges.

Buildings of this type are furnished by companies such as the Truscon Steel
Company, the Blaw-Knox Company, and the Austin Company.

Figurc 11l-1 illustrates some of the types of standardized steel buildings.
The following is the descriptions of various types of the standard buildings
produccd by the Blaw-Knox Company:

1. TYPE "4" Handy House - An all stcel building designed to give
maximum gtrength to structure by means of interlocking joints
of steel. Side walls and roof of copper-bearing galvanized

shecet steel with cespecially pressed reinforcing rib. Pitch
of roof 1/5 - Height 8' - Widths 4'-6'-8'-10'-12'-14"',

lBlnw-Knox Catalog No. 1535, p. 3.
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2. TYPE "B" Clear Span Type - The structural steel frame is
furnished in bay lengths of 10' up to and including buildings
of 30' in width. Buildings 40' to 100' in width have bays
20' long. The structural frame is of standard rolled sections
and the sheet metal covering is copper-bearing galvanized sheet
steel, Pitch of roof 1/5 - Heights 8'-10'-12'-16' for Buildings
16'-30*' Wide - "eights 12'-16'-20' for Buildings 40' to 100'
Wide - Approximate Widths 16'-18'-20'-22'-24'-26'-28'-30'-40"'-
50'-60'-70'-80'-90'-100"'., This type building con be furnished
in any length desired in multiples of 2'.

3. TYPE "B-B: Simple Multiple Type - For buildings of greater width
than supplied in the clear span types and where center columns
are not objectionable this type is very economical. Specifica-
tions are the same as for Type "B". Valley gutter and down-
spouts are furnished. Pitch of roof 1/5 - Heights 12'-16'-.

20' - Approximate Unit Widths 40'-50'-60"',

4, TYPE "C" Monitor Type - This type is admirable for foundry use
or for use where the maximum ventilation is desireble. Speci-
fications for structural and sheet steel are the same as for
Type "B". Monitor has continuous ventilating steecl sash. Pitch
of roof 1/5 - Heights 8'-10'-12'-16'-20' for Buildings 28'-

30' Wide - Heights 12'-16'-20' for Buildings 40' to 100' Wide -
Approximate Widths 28'-30'-40'-50'-60'-70'-80'-90'-100",

5. TYPE "C-C" Multiple Monitor Type - For buildings where greater
width is necessary than can be supplied in Type "C:. This type
is o combination of Type "C: buildings with connecting valley
gutter and downspouts - Heights 12'-16'-20' - Approximate Unit
Widths 40'-50'-60"'.

6. TYPE "D" Three Bay Wide Typc - For buildings of greater width
than suppliecd in the clear span type and where two rows of
columns are not objectionable, columns spaced 20' 0" center to
center the length of building. Specifications are same as for
Type "B". Pitch of roof 1/5 - Lean-to Heights 12'-16'-20' -
Approximate Widths 80'-90'-100'-110'-120".

7. TYPE "E" Three Bay Wide Monitor Type - For Monitor buildings
‘where greater width is necessary than can be supplied in
Type "C". Continuous ventilating steel sash in upper portion
of center bay. Specifications same as for Type "B". Pitch of
roof 1/5 - Lean-to Heights 12'-16'-20' - Approximate Widths 80'-
90'-100"'-110'-120"',

Specifications

Specifications as given by the Company on the buildings as listed neced
be considered when consideration is being given to the sclection of a stan-

dardized steel building of this type. A summary of these specifications are:
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Type "A" Buildings

Type "A" Buildings are limited in width also in height and are framed by
macns of special interlocking rafters, cross ties, and brackets to insure
stability. Roofing, siding, and equipment are of the same specifications as
for buildings "B", "C", "D" AND "E".

T:’PO “B"} ||c:|lJ IID"} AND "E“ Buildings

Cover - Roofing and siding are made of heavily galvanized copper-beoring
steel sheets into which reinforcing ribs arec pressed to develop the utmost
strength and rigidity. These shcets are Jjoined together by meané of standard
interlocking cap which allows for expansion and contraction in the metal and
provides a joint that remains tight for the life of the building.

The roof cover is securcly fastened to the structural frame work by means
of special clips thereby eliminating entircly the use of rivets or bolts.

This special method of attaching the roof cover eliminates all holes in the
roof surface and relieves the roof shects of the usual source of rust and corro-
sion around bolt and rivet holes where the base metal is exposed.

The ridge roll is equipped with lead flashing in order to provide a
weather tight construction.

The roof joint channels and eave chamnels are designed in such o manner
as to eliminate capillary contraction. This design also provides for venti-
lation of the Jjoints which increases the life of the building considerably
over the average type of construction. It is essential for good construction
to ventilate all joints as it is impossible to protcct these joints with paint
after building is erected.

All sheets are properly cut and fitted in the shop, also the ends of all
sheets are completely flashed. Special trim is furnished for eaves, gables,

doors, and windows.
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Structural Steel - Structural frames consisting of standard rolled

sections are designed and fabricated in accordance with the most modern practice
and are shop assembled in large sections for easy and economical ercction.
Structural steel is given one shop coat of good quality paint, The trusses

for buildings 24 feet to 30 feet wide inclusive are designed to carry a 2000
pound load at the center panel point in addition to the normal roof load. The
trusses for buildings 40 feet to 100 feet wide inclusive are designed to carry
a 4000 pound load at the center panel point in addition to the normal roof
loading.

Roof Ventilators - Ventilators are properly weathered and flashed to roof

by means of lead flashing and equipped with butterfly damper which is manually
operated from floor. However, any ventilating system nccessary for efficient
operation for any industrial purpose can be provided.

Skylights - Skylights are of the fixed type built into a standord roof
sheet panel properly weathered, flashed and cemented. Skylights are 2 feet
wide by 4 feet long and are built as an integral part of the roof sheet. One
quarter inch rough wirc glass is furnished with skylights.

Doors - Doors are of the metal clad type of construction consisting of
heavy wood frames of good quality wood well seasoned and covered with gal-
vanized sheet metal, properly fitted and weathered. These doors also have
galvanized steecl ponels. The upper pancls of all doors can be glazed with
glass and the usual specification is 1/4" rough wirc. The single hinged doors
are cqguipped with galvanized T-hinges and rim knoblock., The double sliding
doors are completely equipped with track, track brackets, hangers, hasp and
staple, pulls and the necessary bottom door guides.

Steel Sash ~ Steel sash are of the commercial factory type with venti-

lators arranged to suit any particular requirement. The sash is equipped with
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cam latch and chain or cam latch and stay bar depending upen the sill height
of sash. Continuous side wall sash and monitor sash can be cquipped with
mcchanical operator for group operation. The steel sash is given one shop
coat of manufacturer's standard paint.

Glass and Putty - Any type of glass can be furnished for steel sash in

accordance with purchaser's specifications together with the necessary steel

sash putty. Glass size 14" x 20",



CHAPTER XII

THE LAYOUT OF THE PLANT

The provision of work arcas which are safe and healthful to employecs and
the creation of satisfactory operating efficiency are basic considerations in
factory planning and layout. Clecan and orderly work places have a direct effect
on employce relations., Companies having such conditions usually acquire o
reputation of being a good place to work. Plants ond allled facilities which
ore planned to meet the needs of the business trend toward low operating costs.

It is usually difficult and costly to make changes in an arrangement after
the construction work is under way, or after the installation of the cquip-
ment and machinery has begun. Since the installation drawings for lighting,
power wiring, drives, ventilation, exhaust, material, handling equipment, pro-
cess piping, ond building changes depend on the approved layout, it is essen-
tial to proceced with its preparations as soon as possible. When the layout is
well planned, a suitoble arrangement results, adequate requirements are met,
installation costs are lower, and loss in production is minimized.

Small factory layouts involve essentially the same problems as those of
the large plant. There is the some need for, and analysis of, the flow of the
work and conditions under which the product is made. The requirements of the
cmployees are similar, and the economics which are available in the large
plant can also be had in the small one.

Scale drowings, templates, and models are equally helpful in studying the
arrangement with the small factory as with the large one. When contemplated
ideas of arrangement of offices, wash rooms, storage rooms, production area,
and other needed rooms or areas are laid out on paper well in advance, sav-

ings can be made ond a more satisfactory and efficient arrangement will result.
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Factors Affecting Factory Planning and Layout

It is well to review fhe problem from an overall standpoint in order to
formulate a background into which the details may be fitted.

First of all, does the problem deal with an existing plant or one that
is to be constructed? New buildings caon be designed to meet the needs of the
processcs. Frequently the building itself is but a housing for the production
machinery and personnel plus space for auxiliary eguipment. If the buildings
arc already located on the site, it is necessary to fit the cquipment and
machinery into the available space. In a new factory, there will be periodic
changes, expanding or contracting o department here and there.

The relationship of the buildings to the street and to the avcnues of
approach such as highways, railroads, navigable woterways, and airports should
be analyzed. (Sce Figures 12-1, 12-2 and 12-3).

It is essential to know the number and the sex of the people to be employed;
availability and location of utilities (gas, water, power, light, scwer, steam,
0il, and compressed air); the omount of expansion contemplated and for which
products; production routines and sequence of operations; hazards in the in-
dustry; and comfort and safety of employecs.

When building o new plant or an addition to an existing one, consideration
should be given to the type of structurc which will best fit the requirements
of the business and in many cases how the new structure will coincide with
existing structures or buildings in the neighborhood, It is algo important to
examine the spot on which the new building is to be erected as to soil bearings,
rock excavation, grades, fill, and ground water. This is of prime importance,
fbr otherwise an increascd cost in conditioning the site and in building de-
sign may occur which could be avolded with a more suitable location. The site

should preferably be relatively level, at an elevation suitable to the movement
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of materials in and out of thc plant, and with sufficient room for expansion and
landscaping. Provision for the parking of employces' cars is also essential.

Before the layout is made, it is necessary to review the manufacturing
processes and the manner in which the work is being carried on; how the work
of one department is related to that of another; the scquence in which the work
flows; the amount of material handled and by what means; the number and type of
machines and equipment used; and what the future requirements may be.

It is also essential to discern what provisions are necessary to meet the
requirements for auxlliory departments such as general and production offices,
foremen's offices, storage rooms, shipping and receiving facilities, lunchrooms,
washrooms, locker rooms, first-cid room, entrances and exits for the arrival
and departurc of employces, engineering departments, and nonproduction and
maintenance shops. When insufficient thought is given to these essentials,
the new layout is likely to contein features which contribute to loss of time
on the part of cmployces and needless cost in the handling of materials, Thus,
working conditions may be crcated which retard production and cause discomfort
to employecs. Then, too, therec arc also cecrtain processcs constituting hazards
which require special study. It is essential to have an arrangement which
facilitates supervision of the work. In general, conditions are sought which

will contribute to modernization, flexibility, high cmployce morcle, and plant

efficicncy.
A layout drawn to a scale of 8 feet to the inch (1/8" = 1') has been

found convenient, for it is sufficicently large to show the detail for installa-
tion purposes and yct not too large to view departments covering large areas.
Then, too, it is easy to scale with an ordinary rule. It may be difficult,
however, to present sufficient detail required in intricate processes. A scale

of 4 feet to the inch (1/4" = 1') and somctimes a larger scale is prefcrred for
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this. A scale of 1/16" to the foot is also used for making over-all presenta-
tions of very large plants. When conditions require it, drawings which are made
in one scale can be reduced or increased in sizc by photographic process.
Illustrations are shown in Figures 12-4 and 12-5. Such scale as 1" = 100' and
1" = 40' which are used for maps arc easy to scale with an ordinary rule.

Profiles showing the variation in the elevation of the land and topo-
graphic maps are useful for establishing floor levels. Cross sections and
elevations of the buildings are helpful for studying the movement of materials,
ventilation problems, light conditions, and head room. These are usually
drawn on the same scale as the layouts.,

Data Needed

A liszting of all the departments to be accommodated is the first step.
When these are arranged in alphabetical sequence, they are helpful for refer-
ence and checking purposes. The next step is to obtain a tabulation of the
personnel by departments, both as to men and women, as shown in Figure 12.6,
The information concerning the personnel is needed in order to have criteria
from which to provide suitable facilities for employees as referred to earlier
in this chapter.

Machinery and equipment schedules are prepared which contain machine refer-
ence number, location (department, building, floor), machine description, and
quantity. All of this information is helpful in calculating the areas required
for manufacturing, determining the amount and kind of power, checking floor
loads, and answering questions relating to equipment foundations, floor con-
struction, ceiling clearances, drains, piping, ventilation, drives, conveyors,
and the disposition of waste materials. A suggested form is shown in Figure
12-7.

The process charts and flow diagrams are very useful for the following
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Tabulation of Personnel

No.of No.

of
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Factory Departuments Men Women Total

Wonmen

Total

No.of No. of

General Departments Men Women Total
Engineering - - - Bench
First Aid - - - Drill
Lunchrooms - - - Grinding
Maintenance - - - Inspection
Office - - ~ Press
Personnel - - - Receiving
Production Control - - - Shipping
Protection - - - Stock Room
Research - - - Supervisors Office
Standards and
Methods - - - Tool Crib
Steam Plant - - - Toolroom
Transportation - - - Warehouses

etec. - - - ete.

Total - - -
Men
Grand Total-- -
(For day shift only)
Percentage -

Figure 12-6
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Reference Building
Number Department  Number Floor Machine Description Quantity
(M = Motor Drive)
295 Milling 1A 3 B. & S. No. 12 Miller (M) 1
296 o 1A 1 Cinn., No. 1-18 Miller 1
65k Press 2B 1 Bliss No. 73A - P,P. (M) 1
655 o 2B 1 Standard No. 93-P.P. i

- e e ——— - -

Reference nuubers may be identification symbols which are usually attached

to the equipment for insurance or production purposes.

reference nurbers are a numerical sequence used for making the study.

same department grouped together.

within the department listed together.

Figure 12-7

At other times the
When
listing machines by departments it is well to have all the machines in the
With machine descriptions it is helpful
to designate the make, size, and kind, and to have the same type of machincs
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purposes: (1) to visualizc how the work of one department tics into that of
another, (2) to indicate the amount of material moved from one department to
another and the order in which it is moved, (3) to determine the degree to which
individual departments are self-contained, and (4) to show those departments
which are service units. The flow diagrams are alsc useful when developing de-
partment relation diagrams which are used for incorporating into the layout
those departments that would be best located adjacent to each other. (See
Figure 12-8).

Space Reguirements

For preliminary studiecs and the designation of department areas, factory
space requirements may be stated in terms of square feet per department or
gsection, This is usually tabulated in the form shown in Figure 12-9. Depart-
ments are listed in alphabetical order as in Figurc 12-6. Those departments
in which more than one major task is performed should show the breakdown by
operations, such for.example as the following:

Press Department

Press work
Tool crib
Work~in-process
Bar stock
Strip stock
Roll stock

Figure 12-9 provides a convenient manner for a summarization and contains
sufficient detail to identify related items. A clearer picture of the econo-
mical utilization of spacc is had when the miscellaneous items are set apart
from those neceded for manufacturing purposes.

Factors which affect the space necded include the following:

1. Nature of the available space - In the manufacture of
many products, large open spacc with wide column spacing,
in Single Story or Multistory buildings, is preferable

to small and irregularly shaped arcas. With the former, a
flexibility is afforded in the manner of layout. It is
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Space Requirements

; Required
Department ggeration Ares Scheme I Schere IT
Bench Burr 1,200 sq. ft. 1,300 sq. ft. 1,140 sq. ft.
Drill Drilling 2,500 sq. ft. 2,600 sq. ft. 2,100 sq. ft.
Press
W Press Work 4,800 sq. ft. 4,900 sq. ft. 4,700 sq. ft.

s Tool Crib 1,200 sq. ft. 1,300 sq. ft. 1,200 sqg. ft.

K Work-in-process 1,500 sq. ft. 1,600 sq. ft. 1,400 sq. ft.
Receiving R —— 1,600 sq. ft. 1,750 sq. ft. 1,500 sq. ft.

Total = eeea- mmmm— mmee.
Miscellaneous

Aisles, ramps
Columns, walls

Wash and locker roons 3,000 sgq. ft. 3,100 sq. ft 2,900 sq. ft.
Blevators and stairs 500 sq. ft. 500 sq. ft. 500 sg. ft.
Totﬁ-l ----- - - - - -
Grand Total sgq. ft. = =  ==eee = ceee- T

This type of tabulation provides a convenient manner for a sumnariz-
ation and containg sufficient detail to identify related items. A clearer
picture of the economical utilization of space is had when the miscellaneous
iteus are set apart from those used for manufacturing purposes, as shown above.

Figure 12-9
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favorable to good working conditions and has advantages
in the movement of materials ond in ense of supervision,

2, Product manufactured - The space requirements for any given
machine will vary according to the industry. The amount of
space needed for the storage of raw materials and finished
products, work-in-process areas, aisle widths, work space
around machine, and warehousing will also vary. The extent
to which gravity flow enters into the process affects the
space regquirements ond has a beoring on the type of building
needed ;

Computing Area Requirements

Based on the factors mentioned above, the approximate areas required can
be computed by assigning area values to each mochine or piece of equipment and
then adding up the total of these plus an allowance for aisles, work space,
and exponsion.

Allocation of Area

After the departmentael areas have been estoblished, with due allowance
for expansion, the next step is to allocate the oreo needed for each deport-
ment to its logical place in the new layout.

When allocating the areas, it is helpful to have knowledge of the follow-

J

ing:

1. The manner of receipt and delivery of goods into and out
of the plant.

2. The relationship between departments, both manufacturing
and general,

3. Methods of haondling materials between operations within
the same or other deportments.

., Processes requiring special plumbing facilities. For
example: acid drains or treatment equipment for the
disposal of factory waste which is prohibited by
ordinance or by expediency from being dumped in the
sanitary sewer system or into streams. Provisions for
these installations, if needed, should be made.

5. The departments and sections in which large numbers of
people work close together.

6. The departments and sections in which particularly good
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light is essential. 1Is natural light available, or will
special artificial illumination be required?

T. Places where work-in-process and storage areas are needed
g0 as to hold the work between operations and minimize the
hondling. Main aisles suitable for the movement of material
through the plant and for the safety of employees.

8. Situations where long-term savings can be made, either in
greater length of life or in lower repeir costs, by mcking
high-quality installations at an increased initial outlay.
The grecter initial cost may be offset by lower operating
cost. This, however, may not apply to equipment having a
high obsolescence rate or where the need for the product
does not recur regularly.

9. Instances where small service machines could be provided
so as to obvinte the necessity of sending components to
other departments to have minor operations performed.

10. Floor-load requirements. It may be necessary to locate
certain large and heavy machines on the group floor; other-
wise the cost of reinforcing would be excessive.

11. Processes which require special treatment can often be
located adjacent to each other and so effect economies
in installation.

Rough Layout

The preparation of the layout involves three steps:
1. Obtaining a floor plan of the space to be occupied.

2. Preparation of templates or models.

3. Arrangement of the templates or models on the floor
plan.

Floor Plan

Preliminary or outline drawings of the proposed plant will serve as a
background into which the layout may be fitted.
Templates

A template is prepared for each machine or piece of equipment drawn to
the same scale as is used for the floor plans., Two forms of templates are in

use: the block and the two dimensional. The former indicates the base areca



132

occupied by the machine (usually in rectangular form); the latter shows the
outline of the machine in detail, including travel of moving parts, together
with drive, work stands, tote boxes, trucks, and other equipment. Separate
colors are often uscd for differentiating between various types of equipment.
Color schemes are also used to note the different departments. It is fre-
quently necessary to select colors which will photograph differently. Colors
which produce different shades when reproduced are salmon, fawn, yellow, green,
and cherry.

Models of the machincry and eguipment, made to the same scale as the
drawings, are also used. These have the advantage over templates of presenting
objects in the third dimension.

A rubber base or nonhardening cement is commonly used for attaching tem-
plates or models to the floor plan. The templotes can be taken off easily or
moved from place to place as changes in the layout are made.

Arranging Machinery

Careful consideration should be given when laying out a department to the
question of whether to use an arrangement which follows the sequence of opera-
tions, in the case of production shops, and one which follows the grouping of
machines by classes of work in the jobbing shop; and oftentimes a combination
of these will produce o satisfactory layout.

The first arrangement mentioned is called product arrangement, straight-

line, or unit production arrangement. Mochines and work stations are arranged

in proper sequence to give o winimum amount of handling between successive
operations. This type layout has the following advantages: handling and
moving of materials are reduced; less volume of work is in process, there is
o saving of time in process; production planning and scheduling problems are

simplified; there is less inspection, counting, and clerical work; and it
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requires less flow space.

The second arrangement mentioned is called functional arrangement. The
work is moved from one department or machine group to another in going through
the process. The advantages of this type layout are a high degree of flexi-
bility in use of equipment, moximum machine activity and usefulness, a high
degree of efficiency by supervisors and operators, and less maintenance expense.

Material Haondling

Moterial handling devices cover a range all the way from the simple trays
and tote boxes to the skids, pallets, trucks, roller conveyors, moving plat-
forms and pneumatic tubes. When properly sclected, these can simplify the
handling required and reduce costs.

Aisles and Work-In-Process Areas

In making the layout, adequate work-in-process areas and aisles for the
movement and storage of materials, which are waiting between operations as
they flow through the plant, must be provided.

It is also advisable to allocate sufficient space at the machines to
maintain work far enough chead so that the operator is not called upon to
seck materials too often. Then, too, allowanccs nced to be made for the
workstands, scrap boxes, dic and tool racks, pallets, and stools and for space
the workmen require in operating the machines.

Finished Loyout

The finel layout will result in a compromisec between the idea and the
numerous conditions which are inherent in the whole problem balanced agoinst
the cost, the manufacturing efficiency, and the desired standards of working
conditions.

Plant Layout Check List1

lStandards and Plant Layout, p. 27.
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Is back-tracking at o minimum?

Is notural light use at o maximum?

Is there a logical departmental arrangement?

Are department and service areas centrally located?
Is material storage space adequate?

Are stock rocks provided where necessary?

Is aisle space adequate and logically located?

Are exits located properly?

Are departments working on heavy parts located near
shipping and receiving departments?

Do sub-assembly lines end at main assembly lines?

Is the shipping department at the end of the final
asscmbly line?

Is material handling equipment usecd where practical?
Are machines properly spaced?

Is service area around machines adequate?
Does plant present a crowded appearance?
Are therec any long moves?

Is there too much material handling equipment?
Are any pieces of equipment "locked-in"?

Is there too much storage space?

Hos proper allowance been made for:

a. Maintenance area.

b. Tool crib.

c. Lockers.

d. Lavatory.

e, Eating arca.

£f. Office space.



Fire extinguishers.
Drinking fountains.
Storage area.
Operators.

Flow lines.
Receiving department.
Shipping department.
First aid stotion.

Inspection facilities.
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CHAPTER XIII

HEATING AND VENTILATING

In the selection of heating and ventilation of any building, the decision
of system to be used depends upon two factors: (1) the reguirements desired
for heating and ventilating and (2) the building type and construction. The
reﬁuirements may depend upon the comfort, health, and efficiency of the persons
withiﬁ the required area, or the requirements may depend upon the process in-
volved. Certain systems will be economically practical when placed in definite
types of buildings. The construction of the building will determine the econo-
mic cost of the system and will determine heat losses, Knowing the require-
ments desired and the building for the installation the system can be select-
ed and the design made.

Requirements

When the requirements depend upon personal comfort, the physiology of the
human body must be considered. The human body is at all times losing heat and
at the same time heat is being formed by oxidation within the body. The body
temperature is regulated in two ways by regulation of internal heat produc-
tion, or chemical regulation, and regulation of heat loss by means of automatic
variation in the rate of cutaneous circulation and the operation of the sweat
glénds. The body normally responds to the enviromment with complete regulation.
That is when the envirenment is less in temperature than body temperature, the
body responds by decreasing the rate of cutaneous circulation and decreasing
the amount of moisture thus holding the heat within the body. Hence, the
ma jor objective of heating and ventilating is to balance heat losses from the
human body of which the basic factor is metabolism.

The four basic factors in the control of comfort and human health would
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be:t
1. Air Tenperature (free from radiation cffects).
2. Air Movenent.
3. Hunmidity.
L., Mean radiant tenperature of surrounding surfaces,

For the normelly vigorous persons, normally clothed, and at rest, an air
terperature of 65° F. should be provided at knee-height, cighteen inches, in
order to prevent chilling of the legs and feet. Generally this will corres-
pond to an air temperature of 70° F. at o height of five feet. The air ten-
perature nay be increased or decreased to compensate for deviations of nean

radiont tenperature above or below air tenperature and according to the age of

the occupants,

Air novenent has a powerful influence on the factors involved in thermal
eguilibriun of the body. An understanding of the phenomena involved is best
obtained through consideration of the purely physical factors involved in the
effect of air movenent on heat dissipation fron inaninate surfaces by radia-
tion, convection, and evaporation. Radiation loss has no change unless there
is a change in the skin surface terperature. Convection loss is greatly increas-
ed by air novenent, provided the surface teuperature remains the same., Heat
loss by evaporation is greatly increased by air novenent, provided surface
tenperature is higher than the air and noisture is available for evaporation.
However, since in the hurian body perspiration is only made available when there
is nced for incrensed evaporative heat loss due to reduction in convection loss,
increased air povenent is acconpanied by decreased perspiration and evaporative

cooling in moderately cool atnospheres. In very hot atmospheres, particularly

1J. R. Allen, J. H. Walker, and J. W. Jancs, Heating and Air Conditioning,
pp. 338-339.
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with low vapor pressure, evaporative cooling may be increased by air movement so
as to increase the maximum temperature level at which thermal equilibrium
may be maintained.

Air movement should never have a velocity so there is produced an objec-
tionable draft due to uneven cooling of the body surface. During the heating
season air velocities in excess of 25 to 30 feet per minute usually give un-
desirable effects.2 With summer cooling and air conditioning higher velocities
up to 4O or 50 feet per minute, if prbperly controlled, seem to give satis=-
factory conditions free from sansations of draft.3

In any enclosed building it is desirable to introduce outside air for the
comfort of the occupants. The amount of fresh air needed will depend upon
the activity performed and other factors. The following may be used as a
gulide in calculating the fresh air desired under given circumstances:h

Amount of Outdoor Air
in Cubic Feet per Minute

Location Per Person
1. Auditoriums - spaces where 5 Lo .5
"No Smoking".
2. Open Spaces - banks and general T«5 to 10
buildings.
3. Hospital Rooms - open spaces in 10 to 15

general offices; restaurants and
public dining rooms.

4. Director's Rooms - private offices; 20 to 30
spaces where there is heavy smoking.

The most comfortable range of humidity has not yet heen determined. The

experiments show that a majority of the subjects were unable to detect sensations

2Lionel S. Marks, Mechanical Engineer's Handbook, p. 1660,

3Marks, loc. cit.

by, P, Alford and J. R. Bangs, Production Handbook, p. 821
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of humidity when the relative humidity was between 30 percent and 60 percent
with ordinary room tcmperatures.s Experinments also have shown respiratory
meribranes of industrial workers cxposed to hot wmoist air are distinctly ab-
nornel coupared with those of workers exposed to hot dry air.

The effective temperaturc differs for people of different climates and
between the scxes. By experiment, effective temperature is the arbitrary index
which combines in a single value the degree of waruth or cold felt by the
humar bedy in response to the alr temperaturc, moisture content, and air
motion. Charts have been made for casy rcading for: (1) comfort in still air;
(2) rclation between total heat loss from the human body and effective teum-
perature for still air; (3) relation between sensible heat loss from the human
body and dry-bulb temperature for still air; (4) relation between latent heat
and noisturc loss from the human by cvaporation and dry-bulb teiperature for
still air conditions; (5) reclation between heat loss from the human body by
evaporation, radiation, and couvection and dry-bulb temperature for still air
conditions; and (6) for the thermometric or effective temperature chart. These

charts are found in the Heating, Ventilating, Air Conditioning Guide.

These charts arc used to determine the feeling of comfort and healthful
conditions by determining the effective temperature, the amount of heat and
moisture losscs from the human body. Where the occupants are few and scattered,
the effect of body heat is not so iumportant. Where occupants are closely
congregated, the removal of the excess heat and water vapor produced by the
human body presents a problem. IFf the temperature of such a space is correctly
adjusted when the occupants enter, it will rise steadily during the period of

occupancy as a recsult of heat given off by the occupants. In a room containing

JHeating, Ventilating, Air Conditiong Guide of 1948, p. 212.
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many persons the effects of the body heat can be neutralized by admission of
outside air without producing unpleasant and dangerous drafts on those near

the windows or other inlets. The supply of air before it reaches the occupant
should be so tempered as to avoid drafts but in an amount and at a temperature
which will remove the sensible heat produced by metabolism. With no heat loss
through walls this will require 28 cubic feet per minute of air per person
when admitted at 60° F. and at an average temperature of 78° F. for air lecaving
the room.6 With crowded rooms, and with any rooms containing 50 or more occu-
pants forced ventilation will be essential.

Metabolism and uncomfortable drafts are but two of the essentials to
health of the occupant. Expired air may be odorous, offensive, and capable of
producing loss of appetite and a disinclination for physical activity. Ob-
Jjectionable body odors have the same effect. In certein industrial processes
toxic fumes and goses may be produced whose removal by local exhaust ventila-
tion is essential for the protection of human health.

From the standpoint of health, comfort, and efficiency, the Philadelphia
Electric Company found that lost time due to colds and similar disorders de-
creased 33 percent and 46 percent in the first and second years, respectively,
after the installation of complete air conditioning. In the Drafting and
Surveying Burecau of the Detroit Edison Company, a 51.4 percent increase in
efficiency was largely atiributed to air conditioning. Plant efficiency may
be gained from complete air conditioning by the following poin‘bs:7

1. Lower manufacturing costs.

2, Improve qualit:r of product.

4., p. 202.

TAlford and Bongs, op. cit., p. 819
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3. Protection of goods in storage.
4. Improved health of employces.
5. Improved comfort and cfficicncy of employees.

Industrial air conditioning is primerily concerned with atmospheric con-
ditions required for the manufacturing, processing, and prescrvation of material,
ecquipricnt, and cormoditiecs. The fundamental factors, one or more of which may
govern these conditions are: (1) humidity, (2) temperature, (3) air notion,
and (4) air purity. The tern alr purity way have reference to the quantity of
dust, soot, bacteria, odors, or toxic gascs present.

The nost desirable relative hunidity for processing depends upon the pro-
duct and thce naturc of the process. As far as the behavior of the material
and its desired final condition arc concerned, cach material ond process pre-
sents a different problem. The desirable relative humidity wmay range fron a
low of 5 percent, as in certain industrial application, such as insulation
widing processing, up to a condition approaching saturation, as in processcs
relating to textiles, tobacco, and baking industries.

It is generally reccognized that relative huniditics of 50 percent or
less are on the dry side. Such coﬂﬁitions are conducive of low regains in
hygroscopic materials, drying out, incrcascd brititlencss of fibrous naterials,
prevalence of increased static electricity and tendencics toward increascd
dust liberation from the product. Relative huniditics higher than 50 percent
arc considered to be on the damp side. These conditions are conducive to high
regain, promotc softncss and pliability in materials, decreascs static electri-
city and tendencies toward reduced generation, or produce dust which repre-
sents a loss in weight and of the waterial in process.

In nany processecs, the opti@um desired air conditions arc variable accord-

irg to the stage and progress of the processing cycle, frou the raw to the finish-
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ed product. Sone materials, such as cotton textiles, begin with o low relative
hunidity in the carding and picking rooms, and after passing through the vari-
ous internediate steps with a gradual increase of relative humidity, the pro-
duct is subjecﬁed to relative hunidity of 75 percent to 85 percent in the final
stage of weaving. Other processes are encountercd that require the reverse of
this procedure, starting with a high relative hunidity and finishing with o low
relative hunidity, as is the case when producing glue and gelatinous niaterials
and rioking gelatine capsules. “

Sinilarly, the most favorable tenperature will vary according to the
specific nmaterial and particular process. Frequently a compronise between the
known optinum condition for processing and that required for reasonable worker
confort is desirable. This is particularly true where unconfined processes
are required in departnents where people are working and their health, coufort,
and productive effilciency nust be considered.

In a plant where the process or the product does not require special con-
sideration, the following may be used as a guide in establishing the require-

rnents for confort:

Kind of Building and Teuperature
Roon Degree F,
1. Bothroons. 85
2. Boiler shops. ' 50 - 60
3. Clothing shops. T0
4, Factories (General). 65
5. Foundrics. ' 50 - 60
6. Hospitals, 72 « 75
7. Machine shops. 60 - 65
8. Offices. 70
9. Paint shops., 80
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Kind of Building and Temperature
Room Degree F.
10, Shoe Factory. 68 - 72
11. Textile mills. 75 - 80
12, Woodworking shops. 60 - 65

It is well to rcmember the same feeling of wormth will be experienced from
the following conditions: Temperature, 75° F. - Humidity, 60%, and Temperature,
79° F. - Humidity, 30%.5

Air conditioning contributes an important role during the processing, mach-
ining, and honing of precision metal ports, instruments, tools, engines, and
guns, which demand micromectric accuracy of dimensions, and which arc effected
by small temperature varigtions. Hence, some uniform condition is usually
selected both as to temperature and humidity to serve the demands of the workers'
comfort.and the exacting requirements of the process.

In the manufacture of interchangecble parts, cost may be decreased by
holding close allowances and tolerances uniform with no thermal change at
assembly; thus wastc is lessened. It may be said that less time will be lost in
argument. Cost may be decreased by reduced spoilage and longer storage due to
air conditioning. Whole businesses may be allowed to move closer to their
supply of raw material because of air conditioning. The relocation in the South
of the cotton industry is an example of this.

An example of processing requirements can be shown by the dato of the

Baking Industry:

8Ibid., p. 820,
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Temperature Relative

Degree F. Humidit
Cake Icing T0 50
Cake Making 75 65
Dough, fermentation room 78 75 - 80
Dough, retarding 32 - b 76 - 85
Loaf, cooling 70 60 - 70
Make~up room 75 - 80 55 = T0
Mixing room 75 - 80 55 - 70
Paraffin paper wrapping TO 55
Proof boxes 90 - 95 80 - 90
Storage of flour 65 - 75 55 - 65
Storage of yeast 32 - 45 60 - 75

This data changes with industry.
Building

The type of building which is to be heated and ventilated will be econo-
mically determined by the purpose of the building. The building may be multi-
storied, one-story covering considerable area, or small and compact. The con-
struction of the building may differ from a sheet metal building to a concrete
wall lined on the outside with brick and plastered on the inside. It may have
from one door to a complete glass wall. Every factor must be considered.

Heat is that form of energy which is transferred from place to place by
virtue of an existing temperature difference. Heat will flow from the higher
temperature to the lower temperature only and may be disseminated by conduction,
convection, and radiation. In respect to building materials the transmission
of heat is effected by their character and thickness, theilr arrangements in
the building construction, the temperature difference maintained, their means
absolute temperatures, the movement of air over exposed surfaces, and the
time interval during which the flow of heat occurs.

The calculation of the heat transmitted by either conduction, convection,
or radiation, involves the use of surface temperatures, which are often diffi-
cult to obtain. Therefore, a coefficient of heat transmission 1s desirable which

takes into account the effect of conduction, convection, and radiation together
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with the kind, thickness, and placement of the moterials, and which may be used
with the diffcrence of the air temperatures cxistent adjacent to cach side of
the wall scction under consideration. Such a nwlerical quantity is the over-all
cocfficient of heat transmission, U, which is defined as the amount of heat, in
BTU per hour, transmitted per square foot of arca of the material as used per
onc degree F, of inside and outside air teuperature difference.

In equation formn the cxpression of the transnission of heat through the
enclosing envelope of a space is:

B & W (t-t)

where:
heat transnitted per hour, BTU.
Over~-nll coefficient of heat transuiission.
area of wall, etc., sgq. ft.

inside air temperature, degree F.
5 outside air tewperature, degree F.

ck ek > I i
nmnnnmu

The over-all cocfficient of heat transmission for a wall scction nay be
deternined cither cxperimentally or by calculation involving the use of known
data from the naterials included. Conductance is defined as the amount of heat
in BTU per hour passing through on square foot of arca of any naterial of the
thickness and arrangenent stated, per one degree Fehrenheit difference of the
uaterial surface teuperature. The cocfficient is calculated by dividing the

summation of the reciprocals of circumstances into one.

1
W &= ) i X
f; % f“ % i
0
where:
fi = coubined coefficient of radiation and of

warner wall surfacce.
f, = combined coefiicient of radiation and convection
of cooler wall surface.
thicimess of wall
cocfficient of heat conductivity.

B
uou

The date for coefficients of radiation and convection ond thosc of heat con-
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ductivity way be token frou tables and graphs. Other tables will record U for
certain walls, doors, roofs, and floors.

When an attic space is unheated a combined cocfficient of heat transnission
for the roof above and the ceiling area below it may be estinated. This con-
bined coefficient is used with ceiling area and the difference between the tem-
perature of the air below the ceiling and that of the outside air, when calcula-~
tion of the loss of heat through an attic space arc made. The coobined co-

efficient, per square foot of ceiling area, for a ceiling, an attic space, and

a roofl 1is:

e x e
Ucr = Ur ; Uc
¥
wherc:
Ur = coefficicnt of heat transnission for the roof.
Uc = coefficient of heat transmission for the ceiling,
r = ratic of roof area to ceiling area.

When still air conditions prevail in the attic he radiation of heat
through the air of the spacc 1s corpensated by increasing the surface conductance
of the roof and ceilling areas within the spoce frow 1.65 (for still air) is .2.20
when computing Ur and Uc., If the air is in motion with a space a surfacc con=-
ductance larger than 2.20 is requircd.

The leakage of air into ard out of a building nay be the result of cither
of the action of wind, or of the differcntial in temperature betwecen the inside
and. the outside air or of the chimmey action of tall structures. Outward leak-
age uay be the result of maintaining the air under pressure in the structure.

In any event, the air lecaking out of the space is replaced by an equal weight
of air which conmes from the outside. Infiltration occurs as the resuvlt of air
passing through porous walls, throvgh cracks in the walls, and through cracks

about window and door openings, Iﬁfiltration with the corresponding exfilira-
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tion produces an additional load on either the heating or the cooling plant of
a building, In heating, the inconing air nust be warted to the temperature
naintained within the room; the outgoing air carrics with it a quantity of heat
equal to that necessary to heat the inleaking air, and this heat is lost from
the structure. In sunmer cooling, air cntering a room as a result of infiltra-
tion nust be cooled to room temperature oand its molsture content reduced when
necessary.

On the basis of the estinated or reasurcd quantities of air leakaze the
sensible heat losses due to infiltration may be expressed as:

H = (Cpy) Qd (tp - t9)

where:
H = +the loss or gain of sensible heat, BTU per hour.
cpa= nieans specific heat of air at constant pressure

0.24 for practical purposes.

d = density of the air as necasured, 1lb. per cubic foot.
@ = air leakage in cubic foct per hour.
to = higher air teuperaturec.
t; = lower air temperature.

When the gain or loss of sensible heat is calculated for crack leakage, the
lincar feet or crack considercd is multiplicd by the above forrula.

H = (cpa) Qi L (tp - %)
where:

L = linecar feet of crack considered.
Since the amnount of crack lcakage is dependent upon wind velocity, width of the
crack, the lincar feet of the cracl, ctc., it is not possible to fix accurate
values definitely for any or all of the foregoing iteus. Therefore, the cal-
culation or the air infiltration by any wmcthod must be at best a reasonable
approximation. The number of lincar feet of window and door cracks to be used
may be eupirically fixed as: (1) roous with onc cxposure, all of the linear

feet of cracks in outside wall; (2) room with two exposurcs, the linecar fect
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of crack in the outside wall having the greater amount of cracks; and (3)
rooms with three or four exposures, the length of the cracks in the wall having
the greatest amount, but in no case must less than one-half of the total cracks
in the outside be used. The foregoing rule is based on the assumption that
the angle of incidence of the wind on the exposed side or sides vary from O
to 90 degrees.

Tables will give the number of air changes per hour exclusive of ventila-
tion air supply, air infiltration through walls, and air infiltrotion through
windows.

Procedurc in moking heat-loss colculations from given data is to either
compute or fix the following items:

1. BSeparate net areas of the walls, glass, ceiling, or roof,
and floors through which the transmission of heat will
occur.

2. The over-all coefficients of heat transmission for the
component parts of the building listed in item 1. These
are to be taken from tables of data or calculated.

3. The inside air tcmperature, at the breathing level 5 feet
above the floor, which is considered to be necessary when
severe winter weather exists; also the air temperatures at
the proper levels for the calculotion of heat losses through
the various exposed building areas.

L, The outside air temperature which is to be used for design
purposes.

5. The computed losses of heat occurring at the various
orcas listed in item 1, bascd on the proper cocfficients
of heat tronsmission and the difference between the
temperature of the inside and the outside air.

6. An estimate of the heat required to warm the inleaking
cold air.

T. The total of the individual transmission losses are those
due to air leakaoge. This final summation gives the estimated
heat losses from the space considered, for the air temperature
conditions chosen, after the room or building has been heated.

Fuel
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Tucl nmay be anything which can be burned without great difficulty and
which is available in sufficnent quantitics at prices which are not prohibitive.
The choice of fuel is o question of dependability, clennlinéss, fuel availability,
econony, operating requirements, and control. Principle fuels used for heating
are: (1) coal of various kinds, sizes, and grades, and its derivative coke;

(2) aistillates of petroleun oils, known as fuel oils; and (3) either natural
or manufactured gas,

The cconomic problen involved for finding the total cost of fuel for an
estinated period hinges upon the amount of heat loss for that period. Most
nethods for cstimating heat loss are invegtigeting losses in similor buildings
within the sane locality or using an average of the anount of fuel conswied by
sinilar types of buildings. Estimates based on computed heat losses without
the benefit of operating data are wholly dependent on how well the computation
represents the actual facts. Two methods which arc based on computed data are
the calculated heat loss wmethod and the depree~day uethod.

The calculated hcat loss nethod is thecoretical and assuues constant
teuperatures for very definite hours cach day throughout the cntire heating
scason, It doecs not taoke into account factors which arc difficult to evaluate
such as opening windows, abnormal heating of the building, poor heating systens,
winter heat gains, such as‘'sun cffect and many others. The heat losses are

calculated as designated before. The gencral cquation for calculation is:

F = H (t - t,)N
E (% - to)C
where:
F = quantity of fuel or energy required.
H = calculated heat loss, BTU during design hour,
based on t, and tj.
t = average inside temperature maintained during

heating period, F. degrees.
ta = average outside tenperature through estinate period,
F. degreces.
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tg = insidc design temperature, F. degrees.

to = outside design temperaturc, F. degrees.
E = nuber of heating hours in estimate period.
E = cfficiency of utilization of the fuel over the

period, expresced as a decimal; not the efficiency
at peak or rated load condition,
C = heating value of one unit of fuel or energy.

The deprec-day nmethod is basced on consumption data which have been taken
from buildings in operation, and the results computed on a degree-day basis.
While this method may not be as thecoretically correct as the calculated Heat
Loss Mcthod, it is considered by nany to be of more value for practical usec.
Tobles give the normal or average nuuber of degree doys which have occurred
over a long period of years as were computed from daily nmear teuperatures re-
corded by the Weather Bureau. The number of degrec-days for a calendar year
was obtained by teking the difference between 65° F. and the mean teuperaturc
deteruiined froo o reading of the maximum and winimun thermometers for a parti-
cular locality. Thesec daily values werc then added to obtain a wmonthly,
scasonal, or yearly norual. In general, attenpts to apply the degree-day nethod
to fuel consuription over a period of less than a uonth are of gquestionable value.

The gencral cquation for calculating the probable fuel consumption by
the degree-day method is:

¥ 2 BxN=xD

where:

F = fuel conswmtion for the estimated period.

U = unit fuel consumption, or quantity of fuel uscd
per degree-day per building load unit,

N = nusber of building load units (when available use
calculated heat loss instead of actual amount of
radiation installed).

D = nunber of degree-days for the cstimate period.

Values of W depend on the particular building for which the estimate is
being prepared and must be found by surveying plans, by obscrvation, or by

measurcnent of the building. Values of U are found in tables according to
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the fuel uscd.

It must be reueribered that not all heat to supply heat losses cones from
the fuel. As stated before, sorie of the heat may be the sensible heat given
off by the occupant within the room:, Other potential sources of hecat are
lichts, motors, machinery, industrial processes, cooking, etc; however, people,
gas, certain industrial processes, and cooking operations are also liberators
of nmoisture which often must be given considcration of heating the addition-
al air rcquired for ventilation.

Heat allowances for potential sources are:

Source Heat Allowance, BTU per Hour
1, Electric Lights (incandescent) Total wattage x 3.412
2. Elecctric Motors Kilowatt inmput x 3.412
3. -Gas 500-1000 BTU per cubic
foot of gos used.
4, Machinery driven fron the Brake horscpower suppliecd
outside. to the nachine x 2545

The solar radiation is to be considered becausec of the heat absorbed
from the sun; however, the effect of solar radiation is very nuch less during
the period of winter heating than during the period of swumier cooling of
buildings. For this reason solar rodiation is not considered for winter heat-
ing.

Selection

The selection of a systenm nmeans in general, the medium used for conveying
the heat fron the boiler to the heat disseninator. There are threc nediuns
used: (1) stean, (2) hot water, and (3) air.

Sone form of steam is suitable for any structure. The selection of the
type of systen is always influenced by: (1) local condition, (2) the first
cost of installation, (3) the flexibility and control desired, (4) the nain-
tenance necessary, and (5) the cost for cither fuel or purchased steaon.

Stean systeus nay be generally classified as one-pipe or two-pipe arrange-
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nents both of which can be operated with either gravity or mechanical return

of the condensate to the boiler. One-pipe installations have only a single conn-
ection at the bottom of the heat disseninators. This neans that the condensate
rnust leave the radiator, convector, etc., through the same pipe which carried
the stean into the enitting unit. Further designations of this type are: (1)
air-vent, (2) relief, (3) air line, and (%) vapor. Two pipe systeuns have
separate inlet and outlet connections to each unit, radiator, etc. The con-
densate leaves the unit through an outlet pipe placed ot sone distance from the
gtean inlet. The vacuun, stean systen can be added to the designations of the
one-pipe.

The hot water systen is also subdivided into gravity ard forced circula-
tion. It is further subdivided into two general classifications which arc
either open or closed. Open systens have the expansion to tank freely vented
to the atmosphere; closed systenis do not have the expansion tank open to the
air. Some systens have no expansion tank, and excessive water pressures are
prevented by relief valves only.

The air systens are the worn air and hot-blast systens. The warn air
system operates with register temperature of 175o F, or less. A desirable
feature of o warm air systen is that it circulates a larger quantity of moderate-
1y warned air with nore beneficial results than does the hot-air syster handling
a smaller quantity at high temperatures.

The actual sclection of a system, in the end, depends somewhat on the past
experience of the individual and the econonical cost of installation and nain-
tenance.

Design
Design involves the estimation of the heating load, the determination of

the nurmber and sizes of the heat disseminators required, the layout and sizing
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of piping, and the type and size of boiler or furnace to be used. For complete

data, a good book on the subject and the Heating and Ventilating and Air Con-

ditioning Guide is necessary.

Examples

The following pages are examples of heating requirements for various types
of plants.

The first example is a single story building of brick construction with
an asphalt shingle roof. It is of story and a half design to permit rise of
an overhead crane in the shop section. The product manufactured is an oil
field utility truck bed.

Heating Requirements

After considering first cost, maintenance, simplicity of installation,
case of operation, flexibility, and operating expense, it was decided to use
natural gas for all heating within the plant.

In the heat loss calculations that follow the data and formulas were

taken from the Heating and Ventilating Reference Data Book. As a basis for

computation an outside temperature of 5 degree F. was assumed as representing
the lowest consistent temperature to be expected., The inside temperatures were

selected as follows:

Shop 60°F.
Office, storeroom, and locker &
rooms 70 F.

For determining the transmission of heat through walls, floor, roof, and

windows, the following formula was used:

H A(D)U

where:

=
"

the total heat in BTU/hour passing through the
section.
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the arca of the surface under consideration.

the temperature differential between the two sides

of the area.

the coefficient of heat transmission of the particular
moterial.

In determining the leakage infiltration around the doors and windows, the

following formula was used:

P

where:

o ttd

(=)

a.

.24(1)(P)(a)(D)

the total infiltration in BTU/hour.

the leakage factor (taken from table I of the
Heating and Ventilating Data Book.

the perimeter of the swinging scction of the door
or window.

the temperature differential between the two sides
of the door or window.

the density of air (taken as .075).

The computation of these heat losses involved breaking the physical plant

down into three separate areas: shop, upstairs office, and downstairs office,

each of which had different heating neceds.

Upstairs Office

l.

Inside walls (wood with plaster board siding):

A = 1590 sq. ft., D = 10°%., U = .33

H = A(D)U = 1590(.33)(10) = 5250 BTU/hour

Inside windows (infiltration): 4 = .075, P = 47h.6 fect
L = 175, D = 10°F.

F o= .2k(L)(D)(P)(a) = .24(k74.6)(10)(175)(.075)

= 14900 BTU/hour

Inside windows (ordinary soda glass):

A = 660 sg. £t., D = 10%., U = ..33

H = A(D)U = 10(660)(.433) = 2860 BTU/hour

Outside walls (12 in. brick):

A = 520 8g. f£., D = 65°F., U = .32

H = A(D)U = 65(.32)(520) = 10830 BTU/hour

Outside windows (6rdinary soda glass):
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A 330 sqg. fti, D = 65°%., U = . 433

H

A(D)u = 330(65)(.433) = 9000 BTU/hour

Outside windows (infiltration):
a = 075, D = 659 ., L = 175, P = 182

F = .24(1)(P)(D)(a) = .24(175)(.075)(152)(65)
= 31100 BTU/hour

Downstairs Office and Locker Room

1.

2.

Outside walls (12 in. brick):
A = 1500 8g. ft., D = 65°P., U s .32

H = A(D)U = 1500(.32)(65) = 31100 BTU/hour

Inside walls (wood with plasterboard siding):
A = 1118 sq. ft., D = 10°F., U = .32

H = A(D)U = 1118(10)(.32) = 3700 BTU/hour

Inside walls (12 in. brick):
A = 600 sq. £ft., D = 109., U =« ,32

H = A(D)U = 600(.32)(10) = 1920 BTU/hour

Infiltration around doors:
L = 110,P = 40 ft.,, D = 109%., 4 = ,075

F o= .2k (L)(P)(D)(a) = .24(210)(40)(.075)(10)
= 704 BTU/hour

ﬁhlls (12 in. brick);
A = 18365 sq ft., D = 55%,, U = ,32

HE = A(D)U = 18365(55)(.32) = 323000 BTU/hour

Windows (ordinary soda goass):
A = 3630 eq. Ftu, D = S559F., U = 433

H = A(D)U = 3630(55)(.433) = 86500 BTi/hour

Floor losses (6 in. concrete):
A = 675,000 sg. ft., P = 55%., U = .32

H = A(D)U = 675,000(55)(.32) = 1,187,000 BTU/hour

Roof losses (asphalt shingle on wood sheath):
A = 68700 sq. ft., D = 55%., U = .59

H = A(D)U = 687000(55)(.59) = 2,230,000 BTU/hour
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5. Window infiltration:
L = 175,P = 1670 ft., D = 55%P., 4 = .O75

F

LhL)(e)(p) (@) = .2b(175)(2670)(55) (.075)
= 289,000 BTU/hour

Total heat losses for the three plant areas are as follows:

Upstairs Office 73,940 BTU/hour
Downstairs Office 37,324 BTU/hour
Shop 4,114,700 BTU/hour

These heating needs are to be net with the following equipnent:

Upstairs Office:

1 Reznor tiodel 4630 unit heater with a capacity of
2,000 BTU/hour. Fuel consunption; 30,000 cu. ft.
of ratural gas per hour.

1 Reznor nodel 4660 unit heater with a capacity of
48,000 BTU/hour. Fuel consuuption; 60,000 cu. ft.
of natural gas per-hour. :

Downstalrs Office:

1 Reznor nodel 4660 unit heater with a capacity of
48,000 BTU/hour. Fuel consumption; 60,000 cu. ft.
of natural gas per hour. .

Shop:

4 Dravo nodel 125 unit heaters, each of which has a
capacity of 1,250,000 BTU/hour, and a fuel consurption
of 6,240 cu, ft. of natural gas per hour,
The second example is a single story dairy building of concrete block
construction located in Oklahoma City. k
The data used in this deternination were taken from Severns', Heating,

Ventilating, and Air Conditioning.

Winter design temperature .for Oklahona City is O degrees F,

concrete blocks with inside plaster is .46,
single-pane windows is 1.13.

six~-inch concrete floor is .90.

yellow pine, one-inch corkboard, tarred outside,
plastered inside, is .17.

solar radiation for glass is 190.

solar radiation for walls is 210,

solar absorpticn for walls is ,T0.

radiation factor for walls is .11.

opHEMN gaogg



Processing Room

Inside temperature is TO degreces F.
Heat Losses

Gross wall area

Window area 151 gq. Phs
Net wall area 1369 sq. ft.
Feet of crack (worst side) 78 feet
Floor area 1440 sq. ft.
Ceiling area 1440 sq. ft.

H = UA(t-t;)

H (wall) .48(1369) (70-0) 44,100 By,
H (windows) 1.13(151)(70-0) 13,890 *
H (floor) .90(1440) (70-50) 25,800 "
H (ceiling) .17(14%0)(70-0) 17,100 "
Infiltration, H .24(075)(45)(70)(70-0) _3,680 "

Total Heat Losses

Heat Gains
Solar radiation:
West wall area
West window orea
H (walls) 380(210)(.7)(.11)
H (windows) 50(190)

Heat gain from men working 5(560)
Heat allowance for lights,
motors, and machiners

Total Heat Gains

Net Heat Loss

Offices

Heat Losses
Outside wall area 680 sq.
Inside wall aresa 260 sq.
Window area 155 8.
Net outside wall area 604.5 sq.
Floor area 618 sq.
Ceiling area 618 sq.

Length of crack (worst side) 37.6 ft.

ft.
hify
ft.
ft.
ft.
ft.

1520 py, ft.

102,650 BTU.

380 sq. ft.
50 sq. ft.

9,500 BTU,
6,140 "

2,800 "
15,000
33,440 BTU.

102,650 BTU,
33,440 "

per hour

per hour
" n

per hour
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Inside temperature 75°F.



H (outside wall)
H (inside wall)
H (windows)

H (floor)

H (ceiling)
Infiltration:

H

Total Heat Loss

Solar Radiation:
West wall area
West window area

H (wall)
H (windows)

Heat gain fronm workers
Allowance for lights

Total Heat Gain

Total Net Heat Loss

Shower and Locker Roons

Outside wall area
Inside wall area
Window area
Floor area
Ceiling areao

604,5(.46)(75-0)
260(.35)(75-70)
1.13(75.5)(75-0)
.9(618)(75-50)
.17(618)(75-0)

-24(.075)(45)(37.6)(75-0)

Heat Gains

210 eq. Tt.
25 5} T,

210(.7)(.11)(210)
190(25)

5 (320)

Heat Losses

80 sq. ft.
340 sq. ft.
12.6 sq. ft.
104 sq. ft.
104 sq. ft.

Length of crack (worst side) 12.5: £%.

H (outside wall)
H (inside wall)
H (windows)

H (floor)

H (ceiling)
Infiltration:

H

Total Heat Loss

Solar Radiation:
West wall area
West window area

146(80-12,6)(85-0)
.35(3%0)(85-70)
1,13(12.6)(85-0)
.9(10%)(85-50)
.17(104)(85-0)

.24(.075)(45)(12.6) (85-0)

Heot Goains

80 sq. ft.
12,6 8q. ft.

20,800 BTU. per hour

l-l-s 5 1] n "

6, 350 n n n
13 ¥ 800 " n L]
7,870 L n "

l 290 n LH n
31,175 BTU. per hour

4,750 BTU. per hour
3,1[-00 n n 1

l 600 L] " n
2
hzOOO i :

13,750 BTU. per hour

31,175 BTU. per hour

13 750 n i n
17,425 BTU. per hour

Inside tenperature 85° F.

2,750 BTU. per hour
1 780 Li] " n
2
l’ 200 1 n "
" " "
?’ ?gg 1] n "
2

721!_ n " "

11,174 BTU. per hour



H (walls) 80(210)(.7)(.11) 1,290 BTU, per hour
H (windows) 12,6(190) 2,400 " el
Allowance for lights 1,000 " M
Total Heat gain 4,690 BTU. per hour
11,174 BTU, per hour
" n n
4,690
Total Heat loss 6,484 BTU. per hour

Radiator Requirenents

Peerless Cast Iron Colurm Radiators, Four Colurn, 26" high; enits 240
BTU. per hour per sq. ft. heating surface, when heating with stean. A Four
Colunmn, 26" radiator of this type has five sq. ft. of heating surface per
section.

Processing Roon

33,400 (Heat loss) 159 sq. ft.
o0

159 32 sections
p)

Use four radiators of eight sections each.

Office

17,425 (Heat loss) 72.5 sq. ft.

4

=i

2. 14,5 sections
5

Use one radiator of eight sections and two radiators of four sections.

Shower and Locker Roon

6,484 (Heat loss) 26.1 sq. ft.

g

n

6.1 5.2 sections

>

Use one radiator of six sections.

159

The third examnple is a warchousec of reinforced concrete with cormon brick

facing.
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Tabulation of Heat Losses for Building

The following tables illustrate the nethod employed in calculating and
tabulating the heat loss for the building. The heating requirements are for a
teuperature of 72° F., for the office and toilet and 65° F. for the warchouse
and bascnent, with 0° F. weather, Heat transuission for the outside walls per
square foot for a temperature difference of 70° is ,36. The heat lost through
the first floor is based on a terperature difference of 72° - 300 or 42°F.
The heat tronsnission per square foot per 1° difference in tenperature per hour
through the roof of stone concrete, i inches thick with 5-ply tor and felt, is

.575; hence, for 42° it is: .575 x 42° or 24 BTU. per hour.

Roon Net Vol. et Wall Floor or Ceil- Glass Area Door Area
Cu, Ft. 8 24, Ft, ing Sg. Ft. Sg. Ft. Sa. Ft.
3 2 3 b 5 6
Office 6,000 422 500 90 28
Toilet 2,600 396 300 2l -
Milk & Grocery 22,400 1,290 1,600 270 120
Laundry 16,800 188 1,200 120 112
Basenent 43,200 3,120 3,600 180 ol
Totals 92,000 siaisies T,200 oo vee
Tronsnission Loss Infiltration Loss
BTU/Hour BTU/Hour
Roon Wall- Floor-or Glass Assuned Infil. Total
Lose Ceiling Loss No. air Loss Heat
(.36) Loss (78.8) Changes/ 1.26 x Loss,
Col.3 (24%) x Cols5 Hour Col. 2 BTU.
Col.k x Col, 10 per hour
1 4 g ) 10 T 12
Office 15,200 12,000 7,100 2 15,100 49,400
Toilet 16,600 7,200 1,890 2 9,100 34,740
Milk-Grocery 50,000 38,200 21,300 6 170,000 279,300
Loundry 7,340 28,800 9,450 4 84,800 129,590
Heat Losses = 20% of building losses 9k, 781

Total b, <uiiy LE ol aleuli 587,811
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Heat Losses for Building Under Average Conditions: (Average outside termpera-

Ture K0)
Transuission Loss Infiltration Loss
BTU/Hour _BTU/Hour
Roor: Wall= Floor-or Glass Assuned Infil, Total Heat
Loss Ceiling Loss No. Air Loss Loss
10 x Loss 25,5 x Changes/ .36 x BTU/Hour
Col.2 5.(5 % €ols D Hour Col. 2
Col., 4 x Col. 10
Office L,220 2,880 2,000 2 4,330 13,430
Toilet 3,960 1,730 500 2 2,600 8,790
Milk-Grocery 12,900 9,200 6,100 6 48,400 76,500
Laundry 1,888 6,900 2,700 L 24,200 35,688
Basenent Heat Losses = 20% of building losses 26,900
Total T T e T s e 161.,308

The heat lost through the first floor is based on a tenperature difference

of 72° - 62° or 10°, The heat tronsnission per sQuare foot per 1° differcnce

in temperature per hour through the roof of stone concrete, 4 inches thick with

5-ply tar and felt, is .575; hence for 10° it is: .575 x 10° or 5.75 BTU/hour.

Stove Capacities and Gas Consumption:

Room Total Cap. Ave. Fuel Cu. Ft. Operation Cu. Ft.
olp BTU, Used, BTU. /Hour Tine /Week / Month
Office 50,000 13,430 1%.9 148 3,080
Toilet 36,000 8,790 9.8 48 2,020
Milk-Grocery 280,000 76,500 85.0 60 22,000
Laundry 128,000 35,700 39.6 43 8,160
Bascuent 96,000 27,000 30.0 48 6,200
Totals .l.l.-lll t-can--.- 19’7'3 ‘e hl,ll'GO
Average Fuel used cu. ft./hour; 13,430 = 14.9 cu. ft./hour.
Heat Value of Fuel/cu. ft. ’ 500

Natural Gas Charges

$.40 for first 50 MCF
.30 for next 100 MCF or $.41 flat rate
.25 Tor excess
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CHAPTER XIV

ILLUMINATION

Illumination is a factor of primary importance in every industrial plant.
The advantages of good light to industry are:1
1. Fewer accidents.

2. A more cheerful work place, resulting in improved morale
among employees ond decreased labor turnover.

3. Less eye strain,

4, Decreased spoilage and improved quality.

5. DNeater and cleaner plant.

6. Better housckeeping by employeces.

T. Increased production.

8. Lessens visual fatigue.

9. Lessens mental irritation.

It tokes time to see--the eye is somewhat like a camera in this respect.

An increase in illumination from one footcandle to o moderate level of approx-
imately 20 footcandles (a condition often occuring upon the installation of thg
proper lighting system) results in increasing the speed of seeing approximately
three times.'2 This improved perception affects practically everything the
employee does, Some of the time saved by the reduced time required for seeing
becomes available for production. No detail should be overlooked in plant
construction to attain maximm employee efficiency with mininum expenditure
of human effort. For exarmle, the normally accepted best working height is

34 inches, but the best "seeing" height of 39 inches should be used where the

L B Alford, Cost and Production Handbook, p. Th6.

2M. Luckiesh and F. M. Moss, The Sclence of Sceing, p. 157.
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worker does more inspection than handling.3 Exact numerical measurcments of
increased production under improved lighting conditions would be easy if the
work remained unchanged, but the character of the work often changes and becomes
more difficult,

A typical example was that expericnced by the Public Buildings Administra-
tion of the Federcl Works Agency and the Public Health Service of the United
States Govermment at Washington, D.C., in a Jjoint survey of a card-punch sub-
section of the Bureau of Internal Revenue. Betwcen December 1945 and January
1946, lighting was corrected. During 1946 the character of the work chonged,
employeecs cstimated that the worﬁ was more than 50 percent more difficult in
1946 than in 1945, Despite this lorge increase in difficulty of the job, there
was an overall improvement of 5.5 percent in 1946 over 191&5.lL

Mony investigations have found that good artificial lighting costs close
to 1 percent of total pay roll. The increased production will pay for this
many times over.5

High labor turnover is often a direct result of dim, gloomy, and poorly
lighted working surroundings. The psychological effect connected with pleasant
surroundings cannot be overemphasized.

The close correlotion between the personal injury rates and illumination is
not generally understood. In most cases where accidents are attributed to

poor illumination, they occur because there is improper quality of illumination

or practically no illumination at all., Many factors associated with poor

3H. G. Fromm, "The Beautiful Plant is More Efficient,” Factory Management
and Maintenance, CV (November 1947), T76-T9.

h"Test Proves Better Seeing Means More Production," Factory Management
and Maintenance, CV (December 1947), 111-113.

5Alford, oL eit., P T3,
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illumination, such as glare, light reflected from the work, and dark shadows,
hamper seeing and cause after-images and excessive visual fatigue. Frequently,
accidents which are attributed to the individual's carelessness can actually
be traced to difficulty of seeing.6

Factors of Good Illumination

Providing good illumination involves many factors. The Illuminating
Engineering Society recommends: quality, which includes the absence of glare,
proper color, direction of light, and its diffusion; and guantity, or the
anmount of illumination required for safety, production, and maintenance.

Glare may be defined as a dazzling light. It is one of the most common
and serious faults of lighting installations and causes discomfort, increascs
fatigue, reduced efficiency, and often increases accident hazard.

What general lighting for industry will be 1like in 10, 20, or 30 yecars
is only a guess. In 1915, ten footcandles was considered ample light; by 1930
the recommendation for good light had doubled.” Recormended practice today
specified 50 footcandles for general manufacturing areas. Hence, the future
will bring further incrcases in the quantity of light, if it can be accomplished
with comfort. To accomplish this, light should come from many directions. In
addition to the high levels of illumination, there are other advantages to
having light come from many directions. Harsh and dense shadows are largely
eliminated, light penctrates deeper into the recesses of complicated parts.

From such a source light is practically uniform in brightness and refleccted glare

is negligible. An installation at General Electric Company, Nelo Park, Cleveland,

61b1d., pp. 16-17.

TJ. C. Forbes, "What's Ahead in Plant Lighting," Factory Management and
Maintenance, CVII (February, 1949), 110-113.
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hos been made making use of a mixture of different colored lights to produce white
light.s At the working level of o desk top or work bench, light of any desired
color can be obtained simply by the mixture of 1light from various colored lamps.
As the lamps ore turned on and off, the shade of the combined light varies.

If this principle were used in producing a ceiling of light, the effect would

be a ceiling of varigated colors producing white light. Such a practice would
add attractiveness to working conditions.

Colored light has an application where it is necessary to inspect color
more carefully or to do color matching. Various colors in the work under in-
spection may be emphasized or diminished in strength under the color distortion
of different light sources. Small units generating these different colors in
equal energy levels are available.

Tables now available establish the glare roting for representative types
of lighting equipment when used under various conditions of room dimensions
and illumination levels. With these tables it is possible to predict, before
actually installing the equipment, that the addition of a simple longitudinal
louver between the lamps of an ordinary industrial two LO-watt fluorescent
lamp unit will cut the glare factor of the lighting system in two.

To maintain good seeing conditions, artificilal lighting is required where
daylight does not prevail., The desircble daylight conditions are seldom suffi-
cient for good sceing requirements. With natural lighting, the space along the
windows is the best lighted area.

Windowé should be washed frequently to provide greater efficiency. An

accumulation of dirt over a six nonths' period will cause some windows to lose

8Ibid,, pp. 110-113
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as much as 75 percent of their cfficiency.g

Recommended levels of illumination

By research it has been found that, for best seeing, the brightness of
areas surrounding the work-place should approach that of the work. This em-
phasizes the need of light-colored surroundings. The advisability of 1light
surroundings along with the task difficulty were considered in estoblishing the
following recormended values of 1llumination for industrial nreas.lo These
values for the minimum footcandles, on task or 30 inches above floor, are:

1. Most difficult seeing tasks--finest precision work involving
finest detnil, poor contrasts and long periods of time;

such as, extra-fine assembly, precision grading or extra-
fine finishing--100 or more footcandles.

2. Very difficult seeing tasks--precision work--involving fine
detail, fair contrasts and long periods of time; such as,
fine assembly or high-seed work--100 footcandles.

3. Diffdicult and critical seeing tasks--prolonged work
involving fine detail, moderate contrasts and long periods
of time; such as, ordinary bench work and assembly machine
shop work, finishing of medium-to-fine parts and office
work--50 footcandles.

4. Ordinary sceing tasks--work involving moderatcly fine
detail, normal contrasts and intermittent periods of
time; such @s, autcmatic machine operation, rough grading,
gorage work arens, switchboords, continuous processes
ard conference ond file rooms--30 footcandles.

5. Casual seeing tasks--such as, stairways, reception roous,
active storage, washrooms and other service areas--10 foot-
candles,

6. Rough seceing tosks--such as, hallways, corridors, passage-
ways and inactive storage--5 footcandles.

Iniford, op. cit., p. T51.

lOJ. C. Forbes and E. A, Linsday, "Six Recormended Lighting Systems for
Industry," Magazine of Light, XVII (No. U4 Issue, 1948), 20. -




CHAPTER XV

MODERN INDUSTRIAL LIGHTING

General Lighting

High Bay Norrow Interior

Luminaries which concentrate the light in a relatively narrow beom are
desirable for this application in order to efficiently provide the necessary
illumination at the working plane. Equipment with wide distribution would
direct much of its light to the side walls and window area where it would be
very largely absorbed.

Incandescent or mercury sources are used for this application either
alone or in combination, the type used being determined in part by the charac-
ter of the work performed in the area, the footcandle level desired, and the
facilities for mounting and servicing. Where color discrimination is not nec-
essary, mercury lamps may be used with the advantage of long life and high
efficiency. The use of the higher-wattage, such as, 3000-watt mercury lamp,
in direct-lighting equipment should be considered only where the mounting
height is 4O feet or more and the material being worked on is of o non-specular
choracter. When color correction is necessory in the use of mercury equipment,
ot least 15 percent of the lumens should be produced by incandescent lamps in
order to provide an appreciable color improvenent. There is little economical
advantage in a combination system where morc than 60 percent of the lumens
arc produced by incandescent lamps.

High Boy Wide Interior

Equipment with a wide distribution may be used effectively in greater areas
of this nature to provide a greater overlapping of light beams with a resultent

reduction in shadow intensity and with higher vertical surface illumination.
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In rows of luminaries near the building walls, concentrating equipment should
be used to ninimize the loss through wall and window absorption.

In addition to incandescent and mercury vapor lamps, which are recommended
for narrow high bay interiors, fluorescent lamps arc suitable for use in wide
high bay areas where lower-brightness sources arc desired. They are particularly
necessory where specular materials such as airplane sections are being fab-
ricated. Where proper facilities for scrvicing can be employed, such as cranes
or extension platforms, mounting heights up to 50 feet are possible providing
the width of the room is ot least five times the mounting height. The use of
the 100-watt fluorscent lamp in RIM luminaries may have an advantage from a
maintenance standpoint due to the fact that fewer lamps and luminaries will be
necessary to provide the required level of illumination,

Low Mounting

The lighting equipment selected to produce uniform illumination from low
mounting heights is usually of the widc-angle distribution type. Luminaries
which do not produce a wide distribution must be more closely spaced to avoid
spotty lighting.

For low mounting-height incandescent installations, the RLM Standard Dome
may be effectively used. Another type of equipment with lower brightness
and better diffusion is the Glassteel Diffuser, which may be used with either
filament or mercury vapor lomps. Fixtures designed for use with silvered bowl
lorps provide another means of reducing the brightness of the light source.

The majority of industrial low mounting installations now being mode use
fluorescent lamps in RIM luminaries. Fluorescent RLM luminaries are available
in the conventional open type, or with various forms of louvers, with glass
covers, and in vapor-proof units. The wide distribution of this type of lumin-

aire, its relatively low brightness, and its comparative coolness maoke it
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particularly suitable for the lower mounting heights. Maintained illumination
levels of 50 footcandles are readily obtainable with fluorescent luminaries.

A popular practice in industrial lighting is to install fluorescent lumin-
aires in continuous rows. If an original installation in continuous rows is
not desired, it may be advisable to space the fixtures in such a way that an
additional fixture can later be added between adjacent units to form a contin-
uous line. In this way, illunination levels may be doubled without greot
additional wiring expense.

Localized Genecral Lighting

Many industrial plants have machinery of such a nature or so located
that it lends itself to the positioning of luminaries with specific reference
to the working points. Where a uniform intensity of illumination is not necessary
throughout the area, such a positioning of lighting equipment permits the
obtaining of high levels at the particular work points and at the some time
provides sufficient illumination for adjacent areas.,

Suppleuentary Lighting

When the general level does not provide enough illumination for a particular
task, supplementary lighting equipment should be employcd. This produced the
desired levels by concentrating light at the point of worlk, There are several
nethods of achieving this result depending on the size of the work area, its
location, and the possible location of the lighting cequipment. :

Small Areas

Where arcas are small and the lighting equipment can be mounted close to
the task, adjustable brackets or fixed channels may be mounted on the mechines
or benches.

Individual incandescent lamps in smell reflectors with adjustable arms

supply up to 300 footcandles at distances of approximately ten inches.
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Fluorescent lamps with individual reflectors mounted close to the working
area will give more than 150 footcandles of high-quality, low-brightness illumina-
tion.

Larger Areas

Where the light must be projected on arcas which cannot readily be reached
by other methods or where reflectors mounted close to the work would interfere
with the workman's operation, larger-wattage equipment mounted at a distance
must be employed. Special reflectors are manufactured for this purpose. The
PAR-38 and R-40 spot and flood lamps requiring no external reflector are parti-
cularly suitable for applications of this nature. The units should be located
so that the operator does not cast a shadow on the work.

Low-Brightness Sources

Certain types of work such as typesetting and sheet metal work require
a large, low-brightness sourcc for best seeing conditions. Incandescent lamps
in a large glass-covered fixture or in a large-area indirect lighting unit would
be suitable.

Vertical Surfaces

When a high level of vertical illumination is needed on an operation such
as an assembly line, fluorescent fixtures with a symmetric light distribution
or symmetrical fixtures tilted to an angle can be mounted on each side of a
conveyor. Elliptical angle reflectors with incandescent lamps can be used,
but precautions must be taken to prevent glare if the operators are forced to
look directly into them.

Inspection Lighting

In designing inspcction lighting the following characteristics of the
materials or objects to be examined should be considered: (1) composition,

(2) finish, (3) form, (4) internal structure, (5) surface contour, and (6)
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color, The lighting must then be tailor-made to fit the seeing task imposed
by these characteristics. Generally speaking, a large low-brightness source is
best for most inspection work; however, surface irregularities ﬁre sometines
easier to detect when light strikes at o grazing angle.

The inspection of transparent materials such as bottles, glassware, and
plastics can be accomplished by means of an illuminated ingpectional panel fac-
ing the inspector and projecting light through the object.

Luninaire Mounting

Individual

Individual reflectors nay be mounted directly on the ceiling, suspended
by conduit or chain, or from messenger cable, to the desired mounting height.
Continuous

Continuous rows of fluorescent fixtures can be mounted in several ways.

The various methods are illustrated below.

Fixtures for continuous-row mounting are little more expensive initially
than individucl fixtures and ore considerably less expensive to install. The
continuous trough acts as a wireway, and power need be supplicd only at one
convenient point along a row.

Although initial requirements may not warrant continuous rows of reflectors,
it is good practice to install continuous wiring channels. Additional ballasts
and reflectors con then easily be installed if the nature of the work should
change so as to require additionnl illuminction.

Arrangenent

Orientation of luminaircs with respect to the principal line of sight should
be such as to provide the maxinum shielding of the bare larmps. The light dis-
tribution curve of RLM-type fluorescent fixtures is practically the same in the

planes parallel and perpendicular to the larmp axis. However, due to the shield-
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ing effect of the luminaire itself, the brightness is less annoying when the
unit is viewed from the side.

Where luminaries must be mounted parallel to the normal line of sight,
reflectors with closed ends should be used since they do afford some shielding.
More comfortable conditions can be obtained by installing louvers which provide
uniform shielding in all directions.

Where it is necessary to read cylindrical or conical dials on machines,
best results can be obtained when fluorescent lamps are installed with the long
axis perpendicular to the axis of rotation of the disl. Since dials are fre-
quently placed in various planes around the machines, fluorescent luminaries may
be installed in an arrangement so that their long axes run in two directions.

Types of Industrial Lighting Fixtures

General Lighting

To obtain general lighting from low mounting or localized illumination,

the following types of industrial lighting fixtures are usable:

Description Lamp Sizes
1l. RIM reflector., Porcelain Two 100-watt or two or three
enameled steel. Available ho-watt fluorescent, also slim-
with either open or closed line lamps.

ends, (Glass-covered and
louvered units available.)

2, RIM Standard dome reflector. T5-watt to 1500-watt general
Porcelain enameled steel, service or white bowl lamps.
Wide distribution with cut-
off at 72 1/2 degrees from
the vertical. (Dust-tight
cover aveilable with clear
or stippled glass.)

3. Glassteel Diffuser. Porce- 150-watt to 1000-watt general
lain enameled reflector service lamp, 250-watt or 400-
with opal glass enclosing wvatt mercury vapor lamp.

globe used to obtain softer,
better diffused light with a
small upward component.



174

Description Lamp Sizes
L., Cast iron hood with threaded T5-watt to 300-watt general
vapor-tight clear glass service.

globe. Available with
four types of porcelain
cnamel reflectors in-
cluding the RLM dome.

For low mounting the type often used is:

Description Lamp Sizes
1. RIM reflector for use with 300 or 500-watt silvered bowl
silvered bowl lamps. Some lamps.
have aluminum inner re-
flector.

In dusty or othcr hazardous placcs, wherce general lighting with low uount-

inz 1o desired, the lighting fixturc could be:

Descriptio. Lawp Sizes
1. Porcelain cnameled steel, Two or three fluorescent lamps.

Has dust and vapor-tight
hinged cover. Meets Under-
writers' requirements for
certain hazardous conditions.
(Explosion-proof units also
available.)

Supplementary Lighting

A fixture for general uses when supplementary lighting is nceded is:

Description Lawp Sizes
1. Metal hood 3 feet wide by Four 200-watt incandescent lamps
10 feet long with indirect per 10 feet.

trough suspended below.
Where there has to be supplementary illumination and the mount is desired

close to the working area the following types of industrial lighting fixtures

are recommended:

Description Laup Sizes
1. ©Small deep bowl reflector 15-watt to 100-watt general
of porcelain ensneled steel. service.

(Ad justable mounting arms
available.)
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Descriptiou Lar.g Sizes

2. Metal housing containing Tubular incandescent or

either a procelain cnaneled fluorescent lamps.
or aluninum reflector.

For additional lighting for illumination of wvertical surfaces, it is
suggested to use:

Descrigtion Lawp Sizes
1. Angle reflector. Porce- T5-watt to 1000-watt general
lain enameled steel. service.

When using spot or flood for supplementary lighting the following type

is in general use:

Description Lamp Sizes
1. PAR-38 or R-4%0 spot or flood. 150-watt or 300-watt.

The projector and reflector
lamps have self-contained
reflectors. (Reflectors

to be used with general
service lamps are available
with wide or narrow beams.)



CHAPTER XVI

ECONOMICS AND MAINTENANCE
OF
INDUSTRIAL LIGHTING SYSTEMS

When consideration is given to the lighting systems for a new plant or to
replacing obsolete systems, one of the most pertinent questions asked is, "How
much do they cost?" This is a timely question because there is quite a spread
between the comparatively low cost of filament luminaires and the higher cost of
mercury and fluorescent luminaires, all of which are suitable under some con-
ditions for industrial operations. Amortization and operating costs should,
of course, be considered in computing the "over-all cost" of a system; and in
order to show how these items affect the econonics of lighting, a detail cost
oenalysis is given on pages 177 and 178 for three different designs of industrial
lichting systens.

To explain the i1tems in the development of these figures a short step-by-
step analysis is given for a typical 4O-watt fluorescent system. The luminaire
under consideration consists of a channel eight feet long which houses the
ballasts and wires and supports the sockets and reflectors for the four 4O-watt
open-and industrial type reflectors being used with two lamps in each.

If this 191l-watt unit is used in a plant working on a one-shift, 8-hour
basis, it is estimated that it would be turned on for about 2500 hours in a
year's time so that the annual cnergy cost, assuming a onc-cent rate, would be
$4.80; a two-shift basis requires about 4000 hours burning per year for which
the energy cost would be $7.60.

Itenm 15 in Figure 15-1 shows that the total annual cost of operating this
particular luminaire is the sum of the costs for electrical energy, lamp replace-
nents, and cleaning which amounts to $9.60 under one-shift operation and $12.40

under two-shift operation.



COST ANALYSIS OF INDUSTRIAL LIGHTING SYSTEMS

FLUORESCENT

Precheat-Start
Lo-watt, 8-ft.
section, open-
end industrial
type unit 4 40-
watt lamps, 118

MERCURY

Two L40O-watt
mercury larps
two-lamp bal-
last, 230 V.,
60 cycle, twin
porc. enamel

INCANDESCENT

One 1000-watt
incandescent
larmp, procelain
enaneled re-
flector, 120
volts.

volts 60 cycle. wide spread
reflectors
1. Rated larp lumens per =ik
luminaire 9200 (8400) (a) 32,000 21,500
2. Watts per luminaire 191 870 1,000
INITIAL COST PER LUMINAIRE
INSTALLED (not including
wiring system)
3. Purchaser's net price
(Less lamps) (a) $30.00 $36.00 $ 6.50
. Installation cost (a) (b) 12.50 20,00 10.00
5. Lamps--net (30 discount) 2.80 14,70 2.45
6. Total . - $55.30 $70.70 $18.95
ANNUAL OPERATING COST PER 1-shift 2-shift l-shift 2-stift 1-shift 2-shift
LUMINAIRE
Energy at 1 per kw-hr.
7. 1l-shift 2500 hr. per yr. $ 4.80 $21.70 $25.00
8. 2-shift 4000 hr. per yr. $ 7.60 $34.80 $40.00
9. Lamps: Hours Life 2500 4000 Looo 6000 1000 1000
10. Number of lamps replaced per year L 4 1.25 1.25 2.5 4.0
11. Anmual cost of larps $ 2.80 $ 2.80 $ 9.20 $ 9.20 $ 6.15 $ 9.80
12. Labor for replacing lamps .80 .80 .30 «30 .60 1.00
13. Total larp cost $ 3.60 $ 3.60 $ 9.50 $ 9.50 $ 6.75 $10.80
14. Cleaning luminaire-twice yr. 1.20 1.20 .80 .80 .30 .30
15. Total operating cost $ 9.60 $12.50 $32.00 $45.10 $32.05 $51.10
Figure 15-1

LLt



COST ANALYSIS OF INDUSTRIAL LIGHTING SYSTEMS (contd.)

FLUORESCENT MERCURY TIICANDESCENT _

16. Annual owning cost per S T.l0 $§ T.10 $9.30 $ 9.30 $ 2.80 $ 2.80
luninaire (16 2/3 per
cent of itens 3 and L

17. Total annual cost per $16.70  $19.50 $41.30  $54.140 $34.85 $53.90
luninaire (Iten plus 16)

AWNUAL ILLUMINATION COST--
Assuming typical large area
of which 80,000 sq. ft. is
provided with 50 footcandles
naintained in service.

18. Coefficient of utilization
(A--50 percent to 30 percent) .69 .69 .65 .65 .65 .65

19. Maintenance factor (e) .65 .60 .70 +65 .65 .65

20. Nuzber of luminaires (e) 100 108 28 31 L6 L6

21. TOTAL COST FOR ASSUMED AREA $1,670 $2,110 $1,160 $1,670 $1,600 $2,480
PERCENTAGE 100 100 69 79 96 118

() Estincted.

(b) Ingludes cost of installing and wiring to branch circuits.

(c) Replacement cost per lamp for fluorescent conventional start is estimated to be double that for instant start,
©o include added expense of service of starters which are a prrt of the conventional-start system only. With
instant-start and the smaller diamneter lamps no starters are involved,

(d) Lumen values for all fluorescent systems bascd on white lamps (3500 degrees K.) for 4500 degrees white, lumen
output is 5-10 percent lower.

(e) Mointenance facter includes loss of light to 70 percent rated lamp life, reduced by a further 20 percent for
dirt collection.

(f) For other room ccnditions, nuiber of luninaires is inversely proportional to coefficient of utilization.

Figure 15-1 (contd.)

QLT
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It should now be emphasized that this total annual operating cost does not
include any amortization charges for the investment required in purchasing and
installing the equipment. A reasonable percent of this investment which in this
case amounts to $32.50 should be charged off each year in order to get a true
cstimate of the annual owning and operating cost. A figure of 16 2/3 percent of
the purchaser's net price for the fixture plus the installation cost is believed
by the best authors to be a fair charge-off and therefore has been used in this
analysis. It amounts to $7.10. When this is added to the cost of operation it
gives a total annual cost per luminaire of $16.70 for one-shift operation or
$19.50 under two-shift operation.

Continuing the analysis to develop the comparative annual owning and opera-
ting cost of several complete lighting systems, it is only necessary to ecstablish
the relative number of luminaires to be used in each of them in order to produce
equal footcandles. It is therefore assumed that each lighting system is in-
stalled in an 8000 squarc foot section of a large industrial area, where the
various types of equipment can be installed at the proper height to justify a
Room Index of "A" and that the ceiling and walls have 50 percent and 30 percent
reflection factors respectively. Under these conditions 100 of the 8-foot 4O-watt
units for one-shift operation will provide 50 footcandles in service and its
estimated over-all annual cost of 100 x $16.70 or $1670. For the two-shift op-
eration 108 units are found to be necessary because the average lumen output of
fluorescent lamps having a life of 4000 hours is less than it is for lamps which
fail at about 2500 hours of operation. 1In the case of the two-shift operation the
estimated over-all cost is 108 x $19.50 or $2110. A study of these two over-all
costs, due to operating conditions for each type of equipment, readily reveals
that for the longer hours of burning per year there is a lower unit cost of light.

Lamp Lumens Calculation
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General lighting design makes it possible to predertermine the lumens per
squarc foot delivered to o horizontal work plane corresponding to the floor area.
By this method the lighting engineer strives for practically diffused light
and uniform intensity over an entire orea. The lamps are evenly spaced without
regoard to furniture or machinery and are provided with reflectors to prevent
glare, harsh shadows, and uneven illumination.

Although the eye adjusts itself to wide varintions of intensity, the exact
degree selected for a given casc nmust depend upon the efficient, comfortable,
practical, and cconomical fulfilluent of the purposes of the illumination.

When the lumens per square foot (footcandles) desired are known, the problem
is to account for losses due to:

1. Room proportions.

2. Color of walls.

3. Color of ceiling.

h, Fixture efficiency.

5. Light distribution.
Thus, the total lamp lumens that must be generated by the lamps can be deter-
nined by use of the following formula:

Lamp lumens required = footcandles x area of room
coecfficient of utilization x maintenance factor

To determine the lamp lumens per luminaire, divide the total lawp lumens re-
quired by the number of luminaires to be installed.

Cost of Lighting

A convenient method of calculating the daily cost of lighting follows:t

Owning and Operating _ Daily Cwning Cost f Daily Cost of Daily Cost of
Cost per Day of Equipnment Current Consumed f Larmps Replaced

s, 3. Allen, "Light and Sales," Magazine of Light, XV (No. 5 Issue, 1946, 5.
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Doily Owning Cost _  Cost of Luminaires Annual Owning
of Equipment Installed (less larps) X Cost Rate

Daily Cost of _ Total Kilowatts Daily Burning Energy Rate
Current of Luminaires X  Hours X ($ per KwH)

Doily Cost of — Number of Lamps Daily Burning Net Dollars
Lomps Replaced in Installation *  Hours X per Lamp _
Lamp Life (Hours)

Larp Replacenent

All 1light sources, incondescent, fluorescent, and mercury, have overage
rated lives under specified operating conditions. Some lamps burn out before
this average is reached, and other last longer than the average. It is to be
expected, therefore, that there will be a variation in the number of burnouts
during the life of an installation.

On new installations it is important to remewber that there will be a wide
voriation in the replacement rate during the first year or two of service. In
a specific installation of fluorescent lamps (1250 lamps burning 8 hours a day
for 25 days o month with an average life of 5000 hours) the normal reploce-
nent rate, as calculated from the forrmula, is two lamps per day. The "normal
rate" is the rate attained after sufficient replacements have been made so that
burnouts occur entirely at random. While the lamps are new the replacement rate
is well below normal, and as the original group of lamps approach the end of
life the rate is at least 50 percent obove normel. Thereafter, the rate varies
in decrcasing anounts cbove and below normal, until the installation has been
in operation sufficiently long for the rceplacements to approoch a constant rate.

The length of time required to achieve the normal replacenent rate varies
with the averaée roted life of the lamps. When fluorescent or nmercury lamps
arc used, the number of hours the lamps are burned at each turn-on has a direct
bearing on the life of the larps. For example, a 4O-watt fluorescent larp

burned for 3 hours cach time it 15 turned on will have a life of approxinatcly
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2500 hours, wvhereas the same lamp burned for 12 hours per stort will have a life
of 6000 hours. For filament lamps the curve will be approximately the same, but
the normal rate is reached sooner because of the shorter life of the lanps.

Cleaning Luninaire

Many modern factories have extremely high ceilings, and special devices
arc necessary to maintain the lighting cquipment. Among these arc: (1) step
ladder, (2) extension ladder, (3) telescoping platform, (4) lowering-type hang-

ers, (5) catwalk, and (6) traveling cranes.
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