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PREFACE

TH1s BOOK presents a comprehensive survey of present manufacturing
processes. My objective has been to explain each topic in a concrete,
understandable manner. Wherever necessary, illustrations have been
used to clarify any process or idea that might otherwise be vague to
the general reader. The subject matter has been organized for natural
continuity; for instance, the processing of metals is discussed in the
following order: refining ores, making and refining metals, casting,
rolling, hot and cold working, and machining. Such continuity will
help the reader to visualize the overall operation and also allow him
to understand the inter-relationship of the various steps within the
process.

For the advanced reader, such as the practicing engineer or the in-
dustrial worker who wishes to study any specific topic exhaustively,
adequate references and review questions to supplement his knowl-
edge of the subject are given at the ends of most of the chapters.

The principles and processes of manufacturing are explained at a
fundamental level. Some three hundred drawings and photographs
have been selected to clarify the text matter, and all were chosen for
their utility to the reader. With the same objective in mind, the in-
clusion of tables has been minimized to those of greatest usefulness
for the reader.

Selected visual aids are listed, with their sources, at the ends of
most chapters, which relate closely to the subjects discussed. In my
own experience I have found such aids very useful adjuncts to visu-
alize any discussion of a particular topic.

I offer my deep appreciation to the many people who have con-
tributed to the contents of this book, ﬁr 1pplying illustrations
and for reviewing sections of the nbcript for ‘éqcuracy and good
organization. Finally, to my wife, , & my%r«a‘\ itude for her en-
couragement and assistance throughout the .(pbrgduc Hon of this book.

we e B AW <0
) / JoE L. Morris

Georgia Institute of Technology e
Atlanta, Georgia



CONTENTS

THE MANUFACTURING SYNTHESIS: EQUIPMENT, METH-
ODS, AND MATERIALS . . . ; ;

What is manufacturing? Nature of manufacturing equipment.
Why is manufacturing important in our present economic struc-
ture? Machines and labor. Interchangeability—its influence on
production economy. Purpose of the job shop. Standards for manu-
factured products. The production plan. Starting the production
program.

THE DEVELOPMENT OF IRON AND STEEL PRODUCTS .

The blast furnace. Sponce IroN. WroucHT IroN. THE STEEL
MaxkiNe Processes: The open-hearth furnace. The basic open-
hearth furnace. The acid open-hearth process. THE BESSEMER
Process: The Bessemer converter. Tue ELEcTRIC FURNACE: The
arc furnace. HicH-FREQUENCY ELEcTRIC FURNACE: The crucible
process. Cast STEEL: Steel ingots. Steel castings.

FOUNDRY PRACTICES . . . .

Movpine ToorLs aNp MaTERIALs: Molding sands. Parting com-
pound. Types of molding. MoLpiNG AND Core MakiNG: Making a
simple mold. The parting line. Gates, heads, risers, and vents.
Molding machines. Cores and core making. THE CuPOLA AND
Orner Furnaces: The cupola. Operation of the cupola. Factors
affecting cupola control. The cupola metal charge. The air furnace.
Melting cast iron in the electric furnace. MoLp POURING AND
Casting Creanup: Pouring procedure. Cleaning the castings.
Founpry ControL: Classification of foundry sands. Testing sand.
Testing cores. METALLURGY OF Cast IrRon: Metallurgical features
and behavior of cast iron in the liquid, semi-solid, and solid state.
Strength of cast iron. Alloys in cast irons. CASTING oF NONFERROUS
MeTaLs: Casting of aluminum. Magnesium. Brasses and bronzes.
Casting miscellaneous nonferrous metals. PATTERN MAKING: Types
of patterns. Important principles of pattern design. Pattern ma-
terials. Cores and core boxes.

v

10

31



CONTENTS

SPECIAL CASTING METHODS, FORMING PLASTICS,
POWDER METALLURGY . » s

Die Casting: Principles of die-casting machines. Alloys that may
be die cast. Die-design details. Finishing die castings. Design of
die castings. Applications of die castings. MiSCELLANEOUS CASTING
MEeTHODS: Permanent-mold casting. Slush casting. Centrifugal
casting. Precision investment casting. Plaster casting. Continuous
casting. Shell molding. ForminG oF Prastics: Commercial plas-
tics. Methods of forming. Design of plastic parts. Welding and
machining plastics. PowpEr METALLURGY: Metal powders. Com-
pacting and sintering. Powder-metallurgy design.

WORKING OF METALS ’ ” g

Hot WogkiNG: Furnaces. Hammer forging. Power hammers. Drop
forging. Press hot working. Hot rolling. Classification of rolling
mills (the rolling machines). Classification of rolling mill plants.
Rolling procedure. Production of sheet by hot rolling. Rolling
structural shapes. Die rolling. Roll piercing. Forging pipe. Manu-
facture of pipe. Extrusion of metals. CoLb WORKING OF METAL:
The cold-rolling process. Wire drawing. Miscellaneous cold-work-
ing processes. Cold stamping, deep drawing, embossing, and coin-
ing. Spinning.

HEAT TREATMENTS OF METALS . . . . .
Formation of grain (solid from a liquid). Unit cells. Critical tem-
peratures. Microconstituents in steels. Change of grain size. Sor-
TENING ProcEsses: Normalizing. Full annealing. Stress relieving.
Spheroidizing. Flame softening. HarpeninG: Heating for harden-
ing. Quenching to harden. Hardenability of steel. Quenching tech-
niques. Induction hardening. Flame hardening. Carburizing. Cya-
niding. Nitriding. TEMPERING HARDENED STEELS. HEAT TREAT-
MENT OF STEEL CASTINGS.

TESTING OF ENGINEERING MATERIALS

DestrucTIVE TEsTs: Tensile and compressive testing. The stress-
strain curve. Results of tensile testing. Compressive test. Shear
testing. Bend test. Impact testing. Hardness testing. Brinnell hard-
ness. Rockwell testing. Scleroscope hardness testing. Vickers hard-
ness testing. Micro-hardness testing. Moh’s hardness scale. Creep
testing. Endurance testing. NONDESTRUCTIVE TESTING: X-ray and
gamma-ray testing. Magnetic particle testing. Ultrasonic inspec-
tion. Fluorescent penetrant testing. Stethoscope testing.

81

124

157

179



10.

11.

CONTENTS

WELDING PROCESSES AND APPLICATIONS . .

ELecTrIC ARC WELDING: Manual arc welding equipment. Charac-
teristics of the electric arc. Penetration and arc crater. Source of
welding current. Direct current generator size, excitation, and con-
trol. Applications of arc welding. Electrode filler materials. AuTo-
MATIC ARC WELDING. OxY-GAs WELDING: Description of the oxy-
gas process. Acetylene gas. Oxygen. Characteristics of the oxy-
acetylene flames. Gas welding rods (filler). Oxy-acetylene equip-
ment. Applications of the oxy-acetylene welding process. Oxy-
acetylene pressure welding. ELEcTric REsisTaANCE WELDING: The
electric resistance welding principle. Electric resistance spot weld-
ing. Electric resistance seam welding. Electric resistance projec-
tion welding. Flash welding. Electric resistance upset welding.
ATOMIC-HYDROGEN WELDING: Automatic atomic-hydrogen weld-
ing. INERT-GAS METAL ARC WELDING Processes: Applications of
inert-gas metal arc welding (consumable and nonconsumable elec-
trodes). Inert-gas metal arc spot welding. TaErMIT WELDING:
The Thermit welding principle. Pressure Thermit welding. Stup
WEeLDING. FORGE WELDING. WELDED JOINT DESIGN AND WELDING
SurrAcIiNG. Braze WELDING, BrAzZING, AND SOLDERING: Braze
welding. Silver brazing. Soft soldering. OxyceN CurtinG: Chemi-
cal reaction in oxygen cutting. Requirements and functions of the
cutting apparatus. Hand cutting. Oxygen cutting-machines. Pre-
cision of the oxygen cut. Fuel gases for cutting. Multiple and stack
cutting. Powder cutting and scarfing. Electric arc cutting.

THE LATHE . . ) 5 ® ;

GENERAL-PURPOSE LATHES: General description. The gear head
lathe. Size of the lathe. SpeciaL TypeEs oF LATHES. LATHE AT-
TACHMENTS AND ACCESSORIES: Taper attachments and taper cut-
ting. Chucks. Collets. Relieving attachment. Duplicating attach-
ment. Lathe centers. Steady rest and follow rest. Micrometer
carriage stop. LATHE Curtinc Toors: The basic cutting tool.
Tool angles. Types of tools and holders. Lathe cutting tool ma-
terial. Grinding lathe tools. Other tools that may be used with a
lathe.

TURRET LATHES AND SCREW MACHINES . 3 :
Turrer LaTtHES: Construction of turret lathes. Tooling of turret
lathes. Tools for turret lathes. Feeds and speeds for turret lathes.
TooLsLIDE LATHES. THE SCREW MACHINE.

AUTOMATIC AND SEMI-AUTOMATIC TURNING MA-
CHINES . . . . . . .

AvtomaTtic Turrer LatnHes. AuromAaTic TooLsLiDE LATHES.
SpECIAL SEMI-AUTOMATIC LATHES: Center-drive lathes. Auto-
MATIC SCREW MAcCHINES: Single- and multiple-spindle automatic
screw machines.

198

249

276

289



viii

12.

13.

14,

15.

16.

17.

CONTENTS

DRILLING, BORING, REAMING . . .

SHOP DRILLING MACHINES: Stationary drilling machines. Produc-
tion drilling machines. Boriné MacuiNes: Horizontal boring,
drilling, and milling machine. The jig borer. Production boring
machines. Boring on the lathe, drilling, and milling machine.
DriLLs: Materials for drills and drill manufacture. Important fea-
tures of drills. Miscellaneous and special drills. Drill sizes. Drill
adapters, sockets and other accessories. Drill speeds and feeds.
Boring and Facing Cutters. REAMERs: Reaming speeds and feeds.
GRINDING DriLLs AND REAMERS. TRANSFER M ACHINES.

MILLING MACHINES . . 3 s . 5 2

GENERAL-PURPOSE MILLING MACHINES. MANUFACTURING AND SPE-
ciaL MiLLiNG MAcHINEs: Die sinkers. Milling machine feed mech-
anisms. MILLING ACCESSORIES AND ATTACHMENTS: Milling ma-
chine dividing (indexing) head. Helical milling. Other milling ma-
chine attachments. MiLLING-MACHINE CuTTERs: Design of cutters
—nomenclature of cutter teeth. Cutter materials. Speed, feeds, and
depth of cut. Use of coolants. Grinding milling cutters.

SHAPERS AND PLANERS

SuapeRs: Shaper sizes, cutting speeds and feeds. Vertical shapers.
SHAPER ATTACHMENTS. PLANERS: Planer sizes, speeds, and feeds.
Planer attachments.

THREADING

Thread terminology. Forms of screw threads. Methods of cutting
screw threads. ExTErNAL THREADING ToOLs AND MACHINES:
Threading dies. Threading on the lathe. Threading on the milling
machine. Threading die machines. Thread rolling machines.
Thread grinding. INTERNAL THREADING: Internal thread cutting
on the lathe. Internal thread milling. The tap. Types of taps. Tap-
ping machines. Multiple-spindle tapping machines.

SAWING . . .

SawiNne MacHiNEs: Reciprocating sawing machine (hacksaw).
Bandsaws. Friction bandsaws. Disk saws. Saw Curtine ELE-
MENTS: Reciprocating hacksaw blades. Sawbands. Disk-saw

blades.
BROACHING

BroacHiNG MacHINES: Horizontal broaching machines. Vertical
broaching machines. Broaca CurTiers anp Uses: Push broaches.
Pull broaches. Surface broaches. Combination broaches. Broach-
ing practices. Broach design. Broach materials, heat treatment,
and grinding.

303

336

361

371

390

406



18.

19.

20.

21.

CONTENTS

GEARS AND GEAR MAKING 2 : . . :

Gear TeEETH. GEAR-CUTTING MAcHINES: Circular form cutters for
spur and helical gears. Procedure for cutting spur and helical
gearing. Cutting bevel gears. Gear-tooth generation. Form-copy
gear planer. Spiral and hypoid bevel-gear cutting. GEAR FiNisH-
ING: Gear-tooth shaving. Gear-tooth burnishing. Gear-tooth grind-
ing. Gear-tooth lapping. GAGING AND INSPECTION OF GEARS.

ABRASIVE PROCESSES . . . a . .

ABRASIVE MATERIALS: Abrasive particle bonding. Grade of grind-
ing wheels. Structure of grinding wheels. Abrasive wheel designa-
tion. Abrasive wheel shapes. Factors in selection of an abrasive
wheel. Truing, shaping, and dressing abrasive wheels. Safety in
the use of abrasive wheels. Mounting and balancing wheel. PoL-
1SHING. BurFrFinG. GRINDING, PoLrisHING, BUfFriNG, HONING, AND
LarpING MacHINES: Grinding machines for general and non-pre-
cise metal removal. Polishing and buffing machines. Belt polishing.
Disk polishing. Continuous and automatic polishing. Precision
GrinDING: Cylindrical grinding. Special cylindrical grinding ma-
chines. Centerless grinding. Internal grinding machines. Surface
grinding. Fluids and coolants used in grinding. HoniNG: Honing
machines. Honing procedures. Liquid honing. Lappinc: Lapping
machines. SUPER-FINISHING.

PRESSES AND PRESS FORMING . . . . .
Types AND Uses orF Presses: Manual and power driven presses.
Hydraulic presses. Production to which presses apply. Dies Usep
1N Presses: Classification of dies. Cutting Dies. Strippers. Shaping
dies. Compression dies. Other forming methods. Materials suited
to die-forming production. Die materials. Lubricants and speed
of drawing.

GAGING AND INSPECTION . s i

. .

DimEensions AND UNits oF MEASUREMENTS: Length units. Toler-
ance and limits. Clearance, allowance, and interference. Classes
of fits. MEASURING INSTRUMENTS. NONPRECISION MEASURING IN-
sTRUMENTS: Rules. Calipers. PRECISION MEASURING INSTRUMENTS:
Micrometer caliper. Vernier caliper. The supermicrometer. Snap,
Pruc, anp Rinc Gaces. GAGE BLocks. ANGULAR MEASUREMENT
(PreCiSION): Bevel protractor. Sine bar. ComparaTors: Electrical
comparators. Air comparators. Special and automatic comparators.
OpticAL GAGING AND INspeEcTION: The projection comparator.,
Measuring light waves. SURFACE QUALITY AND INSPECTION.

INDEX . . . . . i .

418

442

475

509

529



1

THE MANUFACTURING SYNTHESIS:

EQUIPMENT, METHODS, AND
MATERIALS

What is manufacturing?

Generally, manufacturing is considered to be the repeated pro-
duction of items, parts, units, or assemblies that have commercially
exact size, shape, appearance, and quality. This method of making
items or products used in everyday living is claimed to be an out-
growth of American ingenuity and need. Fulfillment of consumer de-
mand by large-scale manufacturing has led to higher wage scales and
salaries—higher standards of living resulting therefrom and superior
qualities and appearances in the items made.

Nature of manufacturing equipment

Someone has said that the difference between manufacturing and
job-shop production is that the latter uses no jigs or fixtures, since
only one or a few workpieces, at most, are made. The statement prob-
ably concerned metal fabrication, but might befit the nature of most
manufacturing and job shop plants. The term “manufacturing” does
not necessarily imply that the amount of a single item made be great.
However, manufacturing generally involves extensive tooling and
high capital outlay. Therefore, if only a small quantity of parts, as-
semblies, or units were produced, the prorated cost of each would be
exorbitantly high. Similarly, the unit costs of parts made by shop
methods would be high because of high unit production time and
the premium wage rate of the machine operator.
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Manufacturing plant operations often begin in job shops. In fact,
even today, working models and prototypes of important machines,
such as automobiles and airplanes, are originated in this way. Job
shops often perform a dual service—regular job-shop work and manu-
facturing. The latter usually involves general-purpose machines
tooled for special-purpose operations. Where repetitive operations
seem to warrant the use of special-purpose machines, such as an au-
tomatic lathe for the machine shop or a shell-molding machine for the
foundry, the plant becomes, in essence, a factory. Machines thus
used, and capable of repeating production functions, reduce the unit
cost of products so they can be sold at competitive and profit-yielding
prices.

General-purpose tools or equipment embody features which enable
them to do many processing operations, so they are very useful for
general job-shop work where there is little duplication and speed is
not too important. The general-purpose drilling machine is typical of
such equipment. A drilling machine, although primarily intended to
do the simplest kind of drilling operations, may be equipped with a
multiple-spindle head and thus be used, with a drilling jig, to drill
simultaneously several holes at accurately spaced locations in a
workpiece. It is evident that such equipment would be impractical
for the making of a single workpiece.

On the other hand, special-purpose machines—made up either of
standard machine units or from special units—involve high capital
outlay and comparatively long periods of setting up and adjusting.
Special-purpose machines are feasible and profitable only when
hundreds or thousands of parts are to be made exactly alike, within
commercial limits.

Why is manufacturing important in our present economic
structure?

Could an American wage earner afford a new automobile every
few years if the car sold for twice its current price? The obvious an-
swer justifies mass production and manufacturing in which special
tooling, interchangeability, and production-line assembling are prac-
ticed. Records show that the hand-fitted, job-shop-built automobile of
1910 was priced as high as $4,000, a figure that often made the vehicle
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impractical and unattainable at that time. Then, within a decade,
manufacturing and continuous-line assembling was realized, along
with sharp reductions in cost, by the Ford Motor Company and many
other concerns. By this expedient, automobiles were placed on the
market at nominal prices, making possible their use by everyone of
average means.

Machines and labor

The introduction of special-purpose manufacturing machines pro-
duced a wave of feeling among workmen and labor organizations that
jobs would disappear. In short-term consideration, such a feeling was
well-founded and has in some instances occurred. Speaking in a long-
term sense, however, two significant advantages have accrued to the
workmen out of mechanization. Although the installation and use of
one automatic machine might have displaced ten workmen, over a
long period of time the machine made possible merchandise of lower
cost, an advantage that was passed on to the displaced workmen,
making their dollar worth more. In the meantime, the displaced per-
sons were employed in other areas of the plant or they found work
elsewhere and, because of their increased purchasing power, their de-
mands became greater which, in turn, required more production
from the automatic machine that originally initiated the economic
cycle. Production history reveals thousands of cases that are in nature
and effect similar to the example given. American industry is based
on machines and automatic manipulations rather than hand produc-
tion, the latter system tending to persist in the European countries,
although their production backgrounds are much older. This fact will
account, certainly in part, for the lower living standards in such coun-
tries as Russia, Greece, Italy, Spain, among others.

Production machines are not subject to whims, moods, or tem-
peraments as are human beings. If a machine is properly designed,
installed, and serviced, it will produce parts of good, uniform quality
faithfully and continuously. The advantages of machine-made parts
are higher quality and more uniform appearance, whereas most hand-
made parts vary in these features, and, as a result, fail to lend them-
selves to rapid assembling into final units. Of course, hand work must
be used in the control, tooling, and adjustment of automatic ma-
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chines, or in production where some individual touches of artistry are
required. Such items as pottery, paintings, and carvings are frequently
made entirely by hand.

Interchangeability—its influence on production economy

Manufacturing, where developed to commercial perfection, em-
ploys the principle of interchangeability. In effect, interchangeability
means that any one of several thousand parts selected at random will
fit and function satisfactorily with any one of several thousand mating
parts both in assembly and in subsequent use. Such production per-
fection requires rigorous inspecting and gaging. Although made on a
precision machine, such parts will vary slightly in size and shape, de-
pending on the degree of precision of the machine used, the skill of the
operator, the uniformity of raw material, and possibly other factors.
To achieve successful interchangeability, many types of gages are
employed during and after shaping a part to assure its suitability for
use. In this way loss of labor is avoided both during production and
from misfits at the point of assembly. One of the most common gages
used for dimensional inspection is the co and NoT Go gage, the two
features usually being combined into one instrument. For example,
when a snap gage is brought into gaging position, if the workpiece
enters the 6o gage and will not enter the NOT GO gage it is small
enough but not too large to fulfill its intended purpose satisfactorily.
A gage of this type will serve to sort workpieces into satisfactory and
unsatisfactory groups.

The amount of variation, plus or minus, away from the ideal size,
depends on the design engineer’s judgment and on the class of fit he
has selected.! Parts made for earth-processing equipment, such as farm
implements and road graders, require much less precision for their
fitted functional parts, in contrast to the close clearances demanded
for Diesel-engine fuel-pump pistons and cylinders, antifriction bear-
ings, and other similar parts. Closely fitted parts are much more
expensive to produce than loosely fitted ones and, therefore, close
fitting should not be specified by the designer unless it is really
necessary.

1 American Standards Association, B4.1-1947, Limits and Fits for Engineer-
ing and Manufacturing.
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Manufacturing and interchangeability are companion systems
that have made American manufacturing the industrial giant that
it is today. Several advantages result from such production. First,
for machine assembly, such as an automobile or tractor, the inter-
changeable component parts flow to specified points along a con-
tinuous production line and are there used at random, their install-
ation requiring no individual attention or fitting. Second, repair or
replacement parts are cataloged and stored in bins at the factory
or in the local distributor’s plant, so that machine repair work is
rapid and economical. -

The principle of interchangeability also applies to sub-assembl
units, which when joined compose the final assembly. Such an
effect is frequently attained by the efficient use of jigs and fixtures
to hold and support the several component parts in proper rela-
tionship until they are permanently secured together. This method of
assembly is possible only through the quantity production of inter-
changeable parts. Sub-assembly and final assembly are common in
the automotive, aircraft, electrical, and many other industries.

Purpose of the job shop

The primary purpose of a job shop is usually to make a single item
or to make the necessary parts to repair a single machine. Mass
assembling is never practiced in a job shop, but limited interchange-
ability is possible for some stock items, such as standard drills and
reamers, cap screws, nuts, antifriction bearings, bushings, and other
items that are usually purchased from a supplier. Since the cost of
jigs and fixtures cannot be justified, these tools are seldom employed
in job shops.

Standards for manufactured products

Quality, shape, size and other features of many ordinary items
made vary considerably among the many producing concerns. In
keeping with the American spirit of making interchangeable parts,
many professional societies and other sponsoring agencies have
frequently pooled their resources and efforts toward the standard-
ization of shapes, dimensions, and qualities of such common and
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elemental items as gears, cap screws, drawing symbols, cutting tools,
etc. Most testing procedures are standardized. The use of standards
is not always compulsory unless details excerpted from them are used
in specifications, purchase orders, or work orders. The purposes of
these standards are to avoid confusion in definition and terminology,
misunderstanding in applying and supplying, and to provide a basis
from which elemental parts may be made and thus achieve the
greatest advantages from interchangeability.

Standards covering manufactured products may be found in any
good engineering library. The following is a list of standards that
covers a few of the ordinary and varied kinds of production items.

A87.1-1941. Building Code Requirements for Steel Joint Construc-
tion.

B18.6-1947. Slotted and Recessed Head Screws.

738.8.3-1947. Photographic Processing; Manipulation of Films and
Plates, Practices for.

B4.1-1947. Limits and Fits for Engineering and Manufacturing.

B16.1-1949. Ferrous Plugs, Bushings, and Locknuts, with Pipe
Threads.

721.11-1948. Gas Space Heaters, Approval Requirements for.

B.7-1949. Nomenclature, Definitions, and Letter Symbols for Screw
Threads.

210.7-1950. Letter Symbols for Aeronautical Sciences.

The production plan

An efficient production plan consists of the procurement of raw
materials and supplies, scheduling of materials to appropriate points
in the processing plant, actual processing, scheduling to the assembly
line, and storing or shipping the end product. Unless production is
planned with care, stocks will accumulate in unwieldy quantities at
certain points in the plant, while other divisions may be delayed by
shortages of perhaps small but important items.

The production plan may or may not include the actual product
design, depending on the policy of the particular concern. Three
personalities and their staffs are mutually responsible for the design
of satisfactory parts after the management has decided to manufac-
ture a product.
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It is the responsibility of the design engineer to select appropriate
materials, calculate sections, and strengths, and decide from what
class of raw or semifinished materials the component parts should
be made. He usually encounters two problems. First, will the item
(to be made from a selected material, and of a given mass and shape)
function properly for a reasonable period of time? Second, as con-
ceived on the drawing board, can the item be made and marketed
competitively and profitably? With these two questions paramount in
his mind, the designer must use well-considered judgment in select-
ing from the materials and processes available to him. In the matter
of materials, should plain carbon steel, alloy steel, aluminum, brass,
or plastic be used? In the matter of processes, should manufacturing
be done by casting, welding, or machining? From the standpoint
of raw materials, should parts be made from castings, forgings,
plates, standard shapes and bar stock, or other materials? His final
judgment will be influenced by the labor skills and types of machines
which are available and by proximity to necessary supplies. For
example, if machine bases were to be manufactured in a plant having
welding skills and equipment, and if a source for favorably priced
rolled-steel shapes and plates were near the plant, the units could
be advantageously made from steel and weld-fabricated. On the
other hand, if the plant’s principal interest was the production of
gray iron castings, then the design should probably reflect the most
effective use of foundry castings.

Usually a model and/or prototype of the product is prepared be-
fore its actual production. Then the item can be studied in its true
perspective and revised where necessary to improve its final form.

If eye appeal or beauty are to be a feature of the product, an artist
specializing in product design should be consulted during the draw-
ing stage and at the completion of the model. For instance, plumbing
fixtures and household appliances, among others, require collabora-
tion between the design engineer and artist throughout the design
stage for best effect. Before styling and mechanical design are com-
pleted, the plant production superintendent should be consulted to
examine the drawings to determine whether such design and styling
are suited to his manufacturing facilities. If this step is overlooked,
prohibitive tooling costs may result later, as well as disagreements
with the production division, so that the designer’s work is wasted.
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Satisfactory and profitable manufacturing can be achieved only
after all or most features of a product are agreed upon by manage-
ment, including sales, from production through final assembling.
One or more prototypes should have been tested and revised when
necesary. The ultimate test, of course, will be applied by the operator
or owner of the product, whose unanticipated uses are often quite
dissimilar to those imposed during factory testing routines. For this
reason, most reliable manufacturers stand ready to make even major
adjustments and replacements to a product after it has been pur-
chased by the user.

Starting the production program

A production program is usually initiated upon release of work
orders by management which, in turn, set in motion the procurement
of raw materials and process scheduling. Simultaneously, the pro-
duction department scrutinizes its facilities both as to space available
and processing machines capable of maintaining the quality and
quantity standards required. Any necessary equipment which must
be ordered should be scheduled so that its installation, adjustment,
and use will not cause a delay in production. The number of machine
units required will depend on anticipated output and the policy set
by management with respect to capital outlay. Occasionally, such a
policy, if stubbornly restrictive, will act as a real hindrance to ef-
fective and smooth plant output, although reluctance to buy new
equipment seldom exists in management if well-founded reasons
for such procurement can be supported.

Questions

1. What is manufacturing?

2. How does manufacturing differ from job-shop work?

3. Explain what is meant by “general-purpose machine tools”;
“special-purpose machine tools™?

4. How can the use of machines lead to a higher standard of
living?

5. What is “interchangeability,” and how is it related to manu-
facturing?

6. Explain the term “standard.”



