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PREFACE

THE PURPOSE of this book is to provide comprehensive and authori-
tative information regarding those manufacturing tools that are col-
lectively known as jigs and fixtures.

The text has been so prepared that it will be understandable both to
the beginner and to the expert. Moreover, to make certain that the
various terms used can be fully understood by the lay reader, the
authors have provided a complete glossary to supplement the text.

The authors have endeavored to omit controversial details that might
impair the value of the book for the expert. However, since almost every
tooling principle and method may be open to controversy, it must be
noted that they have recorded only those things that have been defi-
nitely tried and proved satisfactory.

LeLAND A. BRYANT
THoMAs A. DICKINSON
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THE NEED FOR JIGS AND FIXTURES 5

of comparatively good quality and sell for a low price—especially if it
is to compete with similar products on an open market. '

(2) The desired or required rate of production. If very many
articles are to be produced in a short period of time, a large number of

F1a. 1. A General-purposc Fixture.

special tools (such as jigs and fixtures) can be used because they will
pay for themselves by saving time. Special tools are not widely em-
ployed in small-scale manufacturing because they cannot be used in
producing a variety of articles and their initial cost is greater than the
cost of the time they can save.



6 JIGS AND FIXTURES

(3) Materials to be used. Manufacturers could not, in constructing
plywood airplanes, use the same type of tools that would be used in
building a steel locomotive. Therefore, it can be logically concluded
that materials to be employed in the manufacture of a product primarily
determine the nature of jigs and fixtures.

(4) Number and size of component parts. Naturally, the number
and size of component parts affects the number and size of tools that

Fic. 2. A Small Jig.

must be utilized in manufacturing a product—depending, of course, on
the desired rate of production.

(5) Quantity to be manufactured. If only a small number of articles
are to be manufactured, it is generally practical to use cheap or short-
lived tools. Such tools are often expensive in mass production, because
their cost is increased each time they must be replaced before the job is
complete.

(6) Dimensional tolerances. As a rule, it is easier to manufacture
a product whose dimensional tolerances are comparatively large; and
sometimes it is possible to utilize components which vary considerably
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8 JIGS AND FIXTURES

from the design dimensions. However, if the components of the product
must be interchangeable, very accurate jigs and fixtures must be con-
structed—the degree of accuracy depending on the nature of the prod-
uct. In mass production, the ideal condition would be to have 100 per
cent parts interchangeability, but to date the costs of extremely
accurate tooling have made this generally prohibitive.

(7) Tooling and assembly release times. The time required for
tooling and the time required for assembly must be balanced, in order
to produce an article when it is needed and not three or four months
too late. Manufacturers usually set up and endeavor to follow release
dates; and, since speed is the keynote of modern industry, every effort
is made to design tools which will speed production. Simple tooling
may be satisfactory, or complex jigs and fixtures may have to be used.
The jobs of planning, designing, and fabricating tools take time. There-
fore, to get into production quickly, it is sometimes necessary to start
out by using both experimental and regular production tools.

(8) Design and manufacturing breakdown of the product. In
mass-producing large machines such as airplanes and automobiles, it is
especially desirable to have a product designed for maximum ease of
manufacture and maintenance as well as for optimum performance.
Proper designing makes it possible to break the product down into
numerous small and simple parts, which can be assembled simul-
taneously over a wide area by a large number of workers with limited
skills. An “ideal” airframe breakdown is shown in Fig. 3. Complete
breakdowns of this type are not always practical because they necessi-
tate comparatively simple structures and elaborate layouts of jigs and
fixtures. For efficient line production, the extent of the assembly break-
down varies inversely as the given time cycle per completed unit. For
example, if the manufacturing schedule requires one completed unit
every three hours, this time cycle is the maximum allowable time for
each operation (including loading and unloading of jigs and fixtures).
Moreover, when the breakdown is such that no single operation exceeds
three hours, no further breakdown should be made because this would
only increase tooling costs.

(9) Factory space available. No efficient manufacturing program
can be carried out without an adequate area in which to get the work
done. If the parts of the product are to be made in a number of fac-
tories, rather than in a single plant, steps must be taken to insure good
co-ordination, which is vital in attaining parts-interchangeability fea-
tures. Therefore, master tools are constructed. Master tools are pat-
terns; from them, production tools may be duplicated. If the masters

" are not extremely accurate, the jigs and fixtures they produce will not
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be suitable for the assembly or fabrication of interchangeable parts.
Because they are very expensive and hard to construct, master tools
are generally used only when production requirements are extreme, as
in the manufacture of aircraft in time of war.



CHAPTER 2

TOOLING PROCEDURES

Co-ordination

IN VERY small concerns it is sometimes possible for a single man to
have direct control over all the work connected with designing, tooling,
and manufacturing a new product. Moreover, because each and every
job can receive equal and impartial consideration in a one-man organ-
ization, it might be said that a very small factory is ideal from the
standpoint of possible production efficiency. But unfortunately, the out-
put of even the most energetic individual is limited.

Therefore, in order to achieve mass production, we have manufactur-
ing organizations made up of thousands of men—each of whom must
concentrate on a single job. And since no two men have equal quotas of
intelligence and ability, we find that even the best of large factories
are characterized by a certain lack of co-ordination.

This lack of co-ordination is most noticeable in the tooling depart-
ment, because here the more or less impractical dreams of the designer
must be converted into the realities of the assembly line; and if the
tooling department cannot solve the problems thus presented, the entire
manufacturing program is likely to fail.

It is the purpose of this chapter to show how a high degree of
co-ordination has been attained in the tooling departments of some of
America’s larger and more successful manufacturing concerns. In order
to understand the organization involved in the following discussion, the
reader will find it helpful to refer frequently to Fig. 4.

Preliminary Work

When the management of a large concern decides to manufacture a
new product, the engineering department prepares what is known as a
preliminary design. Then, to determine whether the product can be
manufactured with reasonable efficiency in accordance with the prelim-
inary design, the engineers hold a conference with the factory’s tooling
and production experts.

10
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Perhaps a tooling representative will show how a part can be re-
vamped so that it can be readily assembled in a general-purpose fixture;
or perhaps a production man will suggest methods of simplifying the
structure so that a considerable part of the manufacturing can be
accomplished by unskilled labor. Consequently, compromises are made.

Engineering considerations come first, because obviously any prod-
uct must be of a certain quality in order to find a market—regardless
of how cheaply or efficiently it is manufactured. But, as a rule, the
engineers discover that they can make concessions to both tooling and
production without seriously impairing the quality of the proposed
article. Then detail design drawings are made and experimental con-
struction work begins.

Planning

If there is a great rush to get into production, planning may begin
with preliminary design. However, since preliminary designs are usually
subject to numerous changes, it is most economical to start this work
after the detail design drawings have been made.

Planning is the business of creating a production breakdown and
establishing the sequence of manufacturing operations. This may be
accomplished with a layout, such as that shown in Fig. 5, or with a
production illustration, a part of which is shown in Fig. 6. It consists
of determining the number of component tools and parts that will be

CONVAIR MACHINE SHOP

Operation and Tool Layout Sheet Part Number: X-477

Description: Bracket | Model: 199 | Material: Steel Date: 9/2

Approx. Time
Oper. 0 M/C Tools,
peration Dept.
No. Sym. Hr. | Min. Gages
1 |Mill flat face, one side| VMC | KLM ’ 2 | Fix. 901
(cutting feed 6" per
minute)
2 |(Drill, ream, & face, RDC | KLM 1 Jig 440-A
complete
3 |Bore 4" dia. two cuts CMA N 1 Fix. 706
(220 RPM feed, 32" per
min. roughing, 40" per
min. finishing) ]
4 Burr and stamp SLA | KLM 1

F16. 5. A Typical Planning Layout.
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14 JIGS AND FIXTURES

required, assigning numbers or identifying symbols to the tools and
parts, and enumerating the steps that must be taken in fabricating the
parts and assembling them into the finished structure.

Through planning, it becomes possible for a manufacturer to ascer-
tain, months ahead of time, what will be needed and how much it will -
cost to manufacture a new product.

Experimental Models

Engineering science is now so exact that there is little doubt as to
whether a new machine will operate; but paper work is no substitute
for practical experience, and virtually every new design will have a
certain number of shortcomings, or “bugs.” The only way to prove the
value of a proposed product is to construct an experimental model
which can be tested and altered until its performance is considered
adequate.

As a rule, experimental models are handmade—without the benefit
of special equipment. However, if the structure involved is exceedingly
large or complex, the tooling department may be called upon to produce
a few prototype jigs or fixtures.

Special production tools are not generally used for experimental con-
struction work, because they are expensive and because they may have
to be redesigned by the time the experimental model has been tested
and altered so as to eliminate the “bugs.”

Tooling Department

Although it is directly related to both engineering and production,
the planning group is generally organized as part of the tooling depart-
ment so that its work may be closely co-ordinated with the work of the
tool-design group. The jobs of planning and tool designing should be
completed almost simultaneously as soon as the experimental model has
been brought to a satisfactory stage of development.

Here it should be observed that the primary purpose of the tooling
department is to reduce costs by insuring the type of interchangeability
that permits rapid assembly and by eliminating the necessity for manual
operations in production work.

Since over-all parts interchangeability would normally necessitate an
expensive outlay of equipment, most manufacturers base their tooling
programs on what is called the selective assembly system. In accord-
ance with this system, only the more important parts of a striicture are
fabricated within interchangeable dimensions; all other parts are
machined to greater tolerances and must be assembled by selecting
components so as to attain the required fits.
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Jigs or fixtures are used in modern factories regardless of whether
the parts of an article are to be interchangeable, because it has been
found that these tools can be employed to speed production and lessen
the need for skilled workmen as well as to promote dimensional
uniformity.

"Tooling Up"

The term tooling up is generally used by manufacturers to denote
the actual work of constructing jigs, fixtures, and other special tools
required for the quantity production of an article; and this, of course,
is directly accomplished by the tool-fabrication unit of the tooling
department.

Until recently tool fabrication was a job almost as difficult and com-
plicated as tool designing, and it was therefore necessary to employ only
the most skilled craftsmen for the major portion of the work involved
in building jigs and fixtures. However, because of the development of
equipment such as the collimator and the master tooling dock (both of
which will be thoroughly described later in this book), it is now pos-
sible to apply mass-production principles to tool fabrication by assign-
ing various phases of the work to groups of specialized workmen. For
example:

(1) A group that specializes in the cutting and making of rough jig
or fixture structures.

(2) A group that specializes in the finishing of jig or fixture locators.

(3) A group that specializes in the drilling and machining of fittings.

(4) A group that specializes in the assembly of component jig or
fixture parts. )

(5) A group that does “pickup” work such as installing clamps,
applying stencils that will identify various tools, and similar work.

Tool Proofing and Control

After a jig or fixture has been fabricated, it must be carefully
inspected to determine whether it is in conformity with the require-
ments set forth by tool design. For this purpose, each large tooling
department has a “tool-proofing” section. If the tool proofers approve
the work of the fabrication unit, the jig or fixture is turned over to a
“‘tool-control” group before it is allocated to the proper production
department.

The tool-proofing and tool-control groups are closely related, and
their work with regard to any one tool may continue as long as that
tool is utilized by the factory.

It cannot be assumed that a jig or fixture will retain its dimensional
accuracy after being moved about from place to place, or after being



16 JIGS AND FIXTURES

subjected to the stresses caused by operations such as riveting and
welding. Therefore, the proofers must re-examine the tool occasionally.
To be sure that the tool is in the best possible condition at all times, the
control unit must keep a record of each examination. This record is
generally filed along with the tool-design drawing in order to facilitate
inspection work.

Further, if the jig or fixture is not constantly employed in production
work, the control unit must provide storage space for the tool when it
is not in use.

Standardization

The answer to virtually every major problem presented by mass
production is standardization. If each job in any plant can be made a
simple and unvarying routine, the co-ordination so earnestly sought by
all large manufacturers can be automatically attained.

Most successful manufacturers eventually manage to achieve stand-
ardization in connection with their production lines, but only a few thus
far have visualized this asset in their tooling departments. The general
tendency is to regard tooling as a strictly creative occupation; and,
for this reason, we sometimes find that production workers on a single
assembly line are obliged to build identical parts in jigs or fixtures of-
entirely different designs.

True enough, the work of the tool designer cannot be cut-and-dried
like the work of an assemblyman; but in a factory where any individ-
ual type of article is consistently produced it is only reasonable to
assume that some standardization of tooling procedures will greatly
simplify the entire process of manufacturing.

For example, one large manufacturer recently discovered that his
tool designers had about a dozen different methods of designing picture-
frame fixtures, such as the one shown in Fig. 7. An investigation re-
vealed that the method used for any one job depended largely upon the
whims and fancies of the individual designer, and that consequently it
was extremely difficult to standardize either tool-fabrication or pro-
duction-line processes. The tool designers were called into a conference;
and, after a detailed discussion, the following general specification for
picture-frame fixtures was drawn up:

Each picture frame fixture will be so constructed as to form a square or
rectangular frame, the work area being in and around the enclosure thus
constructed. It will in all cases be fabricated by welding standard steel pipe
sections, and its end profile will always resemble an inverted T—the vertical
leg being one side of the picture frame, and the horizontal leg being the
supporting member. There will be a horizontal supporting member at each
end of the fixture, and its length will comprise the full width of the fixture.
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The completed fixture will be supported by machine screws, tapped into
blocks welded to the horizontal end pipes; and, while there will be five of
these screws on each fixture, only three will be actually used for support—
the remaining two serving as safety feet. Two of the supporting feet will be
at the outer ends of one horizontal leg, while the third support will be in the
center of the opposite leg (with a safety foot at each end of that leg). Each
screw shall be provided with a lock nut to insure a permanent setting, and
the length of any screw shall be held to a minimum—an inch adjustment
being considered sufficient.

Fic. 7. A Picture-frame Fixture.

Fixtures from 216 to 288 inches in length shall have a handling or shipping
break at the center, and any fixture with a length of more than 288 inches
should be divided into three approximately equal segments. If a fixture is to
be broken for shipping, the three-point suspension should be supplemented by
an additional point of rest at each break. The coupling for each break will
comprise two round steel flanges, one welded to each segment, and each pair
of flanges will be held together with screws and dowels. The flange diameter
should be four inches greater than the diameter of the pipe used in making
the fixture. :
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The advantages of having standard specifications of this type are
threefold:

(1) They speed the work of tool designing by making it unnecessary
for the designer to use his imagination in laying out the basic structure.

(2) They simplify the work of tool fabrication and tool proofing by
making it possible to standardize methods of construction and inspec-
tion.

(3) They make it possible for the semiskilled production worker to
handle a variety of jobs by providing him with tools of a uniform nature
which will not strain his imagination.

Engineering and Production Designs

To understand some of the problems encountered by the tooling
department of a large manufacturing organization, it is necessary to
understand some of the differences that exist between the ideal engineer-
ing design and the ideal production design.

For example, let us examine the shafts shown in Fig. 8. The upper
shaft is an engineering ideal, designed to withstand certain stresses,

= =

= —

-

¥16. 8. Engineering and Production Designed Shafts.

while the lower shaft is a production ideal, designed to facilitate quick
and economical machining operations. If the engineering-designed shaft
will last three times as long as the production-designed shaft, the
former should be manufactured, even though it may cost twice as much
as the latter. On the other hand, if the difference in the performances of
the two shafts is only slight, it would usually be impractical to produce
the engineering-designed shaft, because of the difference in costs.
Besides choosing between two fundamentally good designs, repre-
sentatives of the tooling department must be constantly on the lookout
for flaws within the various designs. An example of this is the very poor
casting ‘design shown in Fig. 9; note that the two holes shown in line
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are too far below the top face of the casting to be drilled with any
degree.of accuracy from a bush plate clamped above, and too close to
the wall to allow room for guide bushes (which would enable them to
be jig drilled).

Basic Engineering Information

The essential engineering information used in planning and tooling up
for a new product is usually conveyed to the tooling department in the
form of paper or metal layouts and master diagrams or tooling tem-
plates (also called detail assembly
templates); the number of these lay-
outs and diagrams depends upon the
size and complexity of the structure to
be manufactured. For example, since
an airframe is a reasonably large and
complex structure, let us consider the
engineering information that would be
passed on to the tooling department
of an aircraft factory.

First of all, there would be a master
layout in the form of an orthographic
projection which would show how the
component parts of the airframe are
related and located with reference to
the lines of a “grid plane system.” As
indicated in Figs. 10 and 11, the grid
lines used in lofting an airframe are
as follows:

//////////////////

(1) Station lines, which represent
length dimensions.

(2) Water lines, which represent
height dimensions.

(3) Buttock lines, which represent F1c. 9. A Very Poor Casting
width dimensions. Design.

7

The water lines and buttock lines are usually spaced at regular 10-inch
intervals, but the station lines may be more erratically spaced so that
they will fall on bulkheads or beltframes (which are numbered in
accordance with their respective distances from the nose of the air-
frame). :

From the master layout of the airplane as a whole, basic paper lay-
outs of various sections (such as the fuselage, wing, and engine nacelles)
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Fic. 12. Parts of a Fuselage Section in Picture-frame Fixtures.

are made. These serve to define the over-all limits of the various sec-
tions and to establish the basic and supplementary calculating data,
accurate structural locations, and major tooling attachments for each
section.

When the basic paper layouts are complete, it becomes practical to
break the airframe down into small parts, as explained and illustrated
in Chapter 1. Tt is then possible to design and construct all of the
required assembly jigs or fixtures.

Fig. 12 shows with phantom lines how a series of picture-frame fix-
tures might be used to construct the components that comprise a fuse-
lage section, as determined by a basic breakdown of layout and parts.



CHAPTER 3

DESIGNING JIGS AND FIXTURES

Essential Considerations

TOOL DESIGNING was once considered a guessing game at which
any good mechanic could be a success; but modern mass-production
methods have changed all that by providing specific requirements which
necessitate scientific procedures.

Let us consider the basic requirements for a good jig or fixture:

(1) It should provide adequate dimensional control. 1f the jig or
fixture does not enable workmen to fabricate or assemble parts within
required tolerances, it will be utterly useless. Certain tolerances must
be observed in any form of quantity manufacturing.

(2) It should facilitate production. A good jig or fixture will enable
workers to get a job done in a specified period of time.

(3) It should be strong and rugged. These qualities are especially
necessary if the jig or fixture is to be subjected to severe handling,
because it would be impractical to have a tool requiring an inspection
every hour to insure its dimensional accuracy.

(4) It should be adaptable. This is particularly true of an assembly
jig or fixture. The primary structure should be large enough to enable
tooling men to change the positions of its locating parts so as to con-
form with slightly varying engineering requirements, without building
an entirely new tool; yet it should be small enough to fit into a given
area on the factory floor.

(5) It should be salvageable. Special production tools are usually
made of materials which can be salvaged for further use, once each
specified job is complete. For example, metal tools can be readily sal-
vaged by cutting or melting and assembling or casting in different
shapes.

-(6) 1t should be economical. Good jigs and fixtures are economical
both to build and to use.

(7) It should have a good appearance. Too often, tool designers

22 .
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ignore this fact; but it is true that production will suffer when workmen
are obliged to work with jigs or fixtures which they dislike.

(8) It should be readily accessible. Men never work with maxi-
mum efficiency when they are obliged to stoop, bend, stretch, or other-
wise contort the members of their bodies. Therefore, it stands to reason
that the best jig or fixture will enable the worker to accomplish his job
in a normal position.

(9) It should be simple. No complicated tool can be loaded,
worked, and unloaded with the greatest speed and ease. Accordingly,
simplicity should be the keynote of every mass-production tool design.

(10) It should have every possible safety feature. The jig or fixture
should be as nearly foolproof as possible in order to free its workers
from the fear of making mistakes and to prevent injuries due to sharp
corners or protruding parts. A dangerous tool is a bad tool.

(11) It should be easy to manufacture. Besides being expensive,
those tools which require excessive time for fabrication delay the work
of constructing other tools vital to production. '

(12) It should be portable. This is true of any tool that is not to
be used in the precise spot were it is fabricated—particularly so if it is
to be shipped or otherwise transported for considerable distances.

Fundamentals of Good Tool Design

Generally speaking, tooling experts have found it impractical to copy
jig or fixture designs that were previously used with success, because
different tolerances, different sizes, and other pertinent factors usually
make old designs unsuitable for new jobs. Therefore, the best practice
is to start each new design with due consideration for the fundamentals
of good engineering.

These fundamentals might be listed as deflection, thermal expansion
and contraction, manufacturing tolerances, moments, and location of
elements as based on mechanical balance. Accordingly, the tool designer
should have some knowledge of physics and mechanics.

Because the structure of an article determines the nature of each
tool, the first step in tool designing is to analyze the features of the
article to be constructed. This analysis should cover the following
items:

(1) Geometrical points and planes which must be located accurately
to assure alignment, mating of adjacent parts, and interchangeability
of components.

(2) The sequence that must be followed in order to assemble the
components efficiently.
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(3) The methods by which parts can be handled easily and pro-
gressively during assembly.

(4) The selection of certain key parts such as main structural mem-
bers. (These key parts will ordinarily be found to tie in with smaller
parts, which require the least precise locations, and to be directly related
to the points and planes which require accurate locations.)

Necessary Drawings

The drawings ordinarily used in constructing jigs or fixtures are
orthographic (or straight-line) projections, which may be either full-
size or drawn to a suitable scale. However, since they can give only one

Fia. 13. Arrangement Drawing.
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view of the tool at a time, such drawings are sometimes extreme1y
difficult to understand and work from.

Therefore, tool designers have frequently found it expedient to pre-
pare simple pictorial sketches or arrangement drawings which will
enable men in the fabrication units to visualize the finished three-
dimensional layout of the jig or fixture components. A typical arrange-
ment drawing is shown in Fig. 13.

Still another type of drawing which can be advantageously used will
be discussed in connection with the master tooling dock in Chapter 6.

Tolerances and Fits

Historical records tell us that near the end of the seventeenth century
a gentleman named Wilkinson built a machine which would bore a
cylinder with such accuracy that not more than a penny could be placed
in the gap between the cylinder wall and its piston. In view of present-
day accomplishments, this may seem a bit ridiculous; but the chances
are that Wilkinson encountered far greater problems than do modern
designers of extremely accurate tools.

Besides producing parts which are dimensionally accurate and inter-
changeable, we now can intermingle units produced in factories scat-
tered throughout the world—simply by making sure that each of the
factories utilizes standard dimensions and gages. In other words, it is
mainly a matter of tolerances and fits.

The term fi¢ is used in mechanical work to denote the proximity with
which adjacent members or parts are mated. The five most common
classes of fits are:

(1) Running fit is used in mating parts whose dimensions must be
such that they can be rotated or otherwise moved following assembly.

(2) Push or press fit is used in mating parts whose dimensions are
such that they can be united with moderate manual or mechanical
pressure.

(3) Drive or driving fit is used in mating parts whose dimensions
are so close they must be driven together with blows.

(4) Forced fit is used in mating parts whose dimensions are so close
they must be forced together with extreme mechanical pressure.

(5) Shrinkage fit is used in mating parts whose dimensions are so
close that the female part must be expanded by heat before the male
part can be inserted therein. Shrinkage occurs as the female part cools.

Tables showing the dimensional allowances for the principal types
of fits will be found in the Appendix. Because the factors which deter-
mine allowances vary considerably, these dimensions may sometimes
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have to be increased or decreased. For example, the allowances for
forced fits usually increase with the diameter to secure greater pressure;
but in some shops the allowance is made practically the same for all
dlameters, because the increased surface area of the larger sizes permlts
a sufficient increase in pressure.

The term tolerance is used to denote the variations permitted in
fabricating members or parts of specified dimensions; and, for any
given dimension, the tolerance is equal to the maximum and minimum
limits. For example, if the maximum limit for the diameter of a shaft
is 2 inches and the minimum limit is 1.9 inches, the tolerance is 0.1
inch. Tolerances are established by determining the maximum and
minimum clearances required on operating surfaces, and they are neces-
sary in virtually all types of manufacturing because of unavoidable
imperfections in workmanship.

The words tolerance and allowance are often used synonymously;
but actually an allowance is a difference in dimensions prescribed in
order to secure various classes of fits between different parts.

The two general types of tolerances may be described as follows:

(1) Unilateral tolerance refers to the permissible variation from a
basic dimension in one direction only. For example, if the basic dimen-
sion is 1 inch and the tolerance were expressed as 1—0.005, or +4-0.005,
we would have a unilateral tolerance because the total variation in
either case would be in only one direction.

(2) Bilateral tolerance refers to the permissible variation from a
basic dimension in either of two directions. For example, if the basic
dimension is 1 inch and the tolerance is expressed as 1+-0.005, we
would have a bilateral tolerance because the total variation would
extend in two directions.

When unilateral tolerances are required, one of the following three
methods should be used to express them:

(1) Specify limiting dimensions. only. Examples:

Diameter of hole: 2.250, 2.252
Diameter of shaft: 2.249, 2.247

(2) Specify one limiting size and its tolerance. Examples:

Diameter of hole: 2.250 +0.002, —0.000
Diameter of shaft: 2.249 --0.000, —0.002

(3) Specify the nominal size for both parts with a notation showing
the allowance and the tolerance. Examples:
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Diameter of hole: 2Y; -+0.002, —-d.OOO
Diameter of shaft: 214 —0.001, —0.003

Bilateral tolerances are usually specified as such with plus and minus
signs of equal amounts. Examples:

+0.001

20.001, or 2 {—0.001

According to the practice approved by the Society of Automotive
Engineers, a tolerance should show the permissible amount of variation
in the direction that is least dangerous. When a variation in either direc-
tion is equally dangerous, a bilateral tolerance should be given; and,
when a variation in one direction is more dangerous than a variation in
another direction, a unilateral tolerance should be given in the least
dangerous direction. For nonmating surfaces or atmospheric fits, the
tolerances may be bilateral or unilateral, depending entirely upon the
nature of the variations that develop in manufacture. On Mating
surfaces, with but few exceptions, the tolerances should be unilateral.
One exception to the use of unilateral tolerances on mating surfaces
occurs when tapers are involved. In such cases either bilateral or uni-
lateral tolerances may be desirable, depending on the circumstances.

Clearances and Human Dimensions

In designing jigs or fixtures for use in connection with machine tools,
it is especially necessary to provide clearances for the scraps thrown
up in previous operations and in the operation being tooled.

In designing assembly jigs or fixtures, particular attention should be
given to the physical dimensions of the persons who must use the tools,
in order to eliminate, whenever possible, the necessity for stooping,
bending, or stretching. To accomplish this, some tool designers work
with diagrams such as those shown in Fig. 14, A and B.

Supporting Structures

The rigidity of an assembly jig or fixture depends largely upon the
nature of its supporting structure. For example, a single-beam jig sup-
ported at its ends (Fig. 15) will deflect appreciably when a uniform
load is applied; and this deflection (represented in an exaggerated con-
dition by dotted lines in the illustration) will be greatest in the center.
A similar jig, supported at points some distance from the ends (Fig. 16),
will deflect an equal amount in wave form; but the greatest deflection
at any point will be far less than at the center of the end-supported
beam.
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In an investigation of beams of the same sizes it was recently found
that the greatest deflection of an end-supported beam was 0.126 inch,
whereas a beam supported at points 22.5 per cent in from the ends
deflected a maximum of only 0.005 inch. Further, mathematical com-
putations prove that an evenly loaded beam deflects least when sup-
ported at two points which are separated by a distance equal to 55.4
per cent of the beam length. However, when the load is not uniform,
the supports of a jig or fixture should be spaced so that they will func-

Fxc_l. 14A. Human dimensions Diagram,
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tion in a different manner. For instance, on a jig with half the load on
one end and less than one quarter on the other, a support should be
placed at one tenth the length of the heavily loaded end and at one
quarter the length of the other end.

The matter of jig or fixture supports is particularly important in
coastal areas, where the positions of factory floors may change every
time the tide comes in; or in a new factory, while the ground beneath
the floor is settling; or in regions where earthquakes frequently alter
the physical characteristics of the ground.

Generally speaking, a jig or fixture with three-point supports is
preferable because such suspension will cause the tool to tilt with the
floor so that a change in the position of one support will not cause
deflection. The chances for deflection in jigs or fixtures with more than
three points of support depend upon the number of legs, and increase

Fie. 14B. Human Dimensions Diagram,



30 JIGS AND FIXTURES

progressively. A complex mating fixture with three-point supports is
shown in Fig. 17.

Sometimes four-point supports may seem to be desirable because of
the overturning moment to which a jig or fixture may be subjected. In
such cases, the benefits of both three-point supports and four-point
supports can be attained by utilizing two safety feet, such as were
described in the specification for picture-frame fixtures in Chapter 2.
The safety feet can be mounted on springs, so that they will provide
a stabilizing effect rather than a rigid support; or they may have a
slight clearance above the floor, so that their only function will be to
prevent the overturning of the tool by outside forces. Another way to
combine the advantages of three-point and four-point supports is to
have two feet at one end of the tool and a light angle crosswise at the

| - ]
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Fi16. 15. Single-beam Jig, Supported at Ends,

Fie. 16. Single-beam Jig, Supported at Points away from Ends.

other end, so that any change in the floor causes the angle itself to
deflect with the floor without altering the structure of the tool.
Another cause for deflection that can be eliminated by proper support
is thermal expansion or contraction. On a long jig or fixture whose feet
are attached to the floor, deflection will occur as the temperature
changes, because the materials in the tool will not expand or contract
at the same rate as materials in the floor. To prevent deflection due to
thermal expansion or contraction, tool designers usually make arrange-
ments to have the jig or fixture attached to the floor at one end only,
allowing the other end to be “floated”’—that is, placed on a roller
support. Floating one end of the tool permits unrestricted expansion or
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@ == [ngicstes 3-point suspensior.
[~] Inaicates floating sefety rests.

Fia. 17. Mating Fixture.

contraction and introduces no variations in sizes or shapes beyond the
increases or decreases in length due to temperature changes.

If the jig or fixture is a master tool, or if its dimensions are such
that changes in temperature could alter its usefulness in spite of its
supporting structure, the temperature range in which the tool can be
used should be plainly marked or stamped on its frame. A thermometer
should be placed near-by for reference purposes. Of course, this pro-
cedure would not apply in mild climates or in factories where air-
conditioning equipment is used.

Locating Points and Sighting Faces

In dealing with jigs or fixtures for use in the machine shop, a tool
designer should make sure that all locating points are clearly defined
and not such that they are likely to hold swarf swept up from adjacent
positions.

Further, when there are sighting faces, against which parts of the
component being machined must be positioned, the designer should
take pains to enable the machine operator to see the faces without
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danger to himself. Generally speaking, jigs with sighting faces should
be placed on trunnions, for use in connection with machine tools.

Standard Jig or Fixture Details

As previously explained, the answer to virtually every problem pre-
sented by mass production is standardization. In tool designing, this
answer is most frequently found in the utilization of detail parts of
standard jigs or fixtures. Standard jig or fixture elements are desirable
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Fic. 18. Angle Block.

because they speed the work of tool designing, help standardize tool-
fabrication and -manufacturing methods, eliminate unknown variables,
and increase the salvageability of tools. Needless to say, all jig or fixture
parts could not possibly be standardized; but it has been found that
many of the following can be standardized in almost any factory:

(1) Blocks. Three types of blocks are commonly used in connec-
tion with jigs or fixtures. They are angle blocks, parallel blocks, and
vee or V blocks—specimens of which are respectively indicated in
Figs. 18, 19, and 20. In some instances, these blocks may function as



DESIGNING JIGS AND FIXTURES 33

tools by themselves. For example, an angle block can be equipped with
drill bushings to serve as a drill jig; parallel blocks can be clamped
together to serve as a fixture which will hold work for milling, grinding,
or planing; and vee blocks can be capped, clamped, or drilled to serve
as either fabrication or assembly tools.

(2) Bolts. Some of the bolts commonly used in constructing jigs
or fixtures are shown in Fig. 21. Thread and other specifications will
be found in the Appendix.

(3) Brackets. Three typical brackets, fabricated by welding steel
plate for use in connection with assembly jigs or fixtures, are shown in
Fig. 22.

(4) Bushings. In accordance with specifications of the American
Standards Association, as revised in 1941, jig or fixture bushings can be

Fi1a. 19. Parallel Blocks.

classified as the press-fit, renewable, and liner types. Press-fit bushings
are installed directly in a tool without the use of a liner, and are used
principally on tools for short production runs which do not require re-
placements. They also are used where the closeness of the center dis-
tances of holes will not permit the installation of liners or renewable
bushings. Press-fit bushings are made in two types, with and without
heads, as indicated in Fig. 23.

Renewable bushings are used in liners, which are directly installed
in the jig or fixture. They are employed when it is believed that the
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bushings will wear out or become obsolete before

° @) °l the jig or fixture is discarded or where several bush-
ings are to be interchangeable. Renewable bushings

Y ? are made in two classes, fixed and slip, as indicated
: °l in Fig. 24. Fixed renewable bushings are installed in
: =¥ the liner with the intention of leaving them in place

706 viEw until they are worn out, while slip re-
newable bushings are interchange-

| © able in a given size of liner. To fa-

O oo cilitate removal, the slip renewable
e s s bushings usually have knurled heads.

They are most frequently used when

two or more operations requiring

Fic. 20. Vee Blocks. bushings with different diameters are

performed in a single tool—such as

drilling followed by reaming. tapping, spot-facing, counterboring, or
some other secondary operation.

END ViEWwW S/IDE viEw

Hex-head Bolt . Headless Boit Round-head Bolt

fi0unoog

gooooono
0000000

Eye Boit Hook Bolts
Fra. 21, Bolts,
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~

Fri. 220 Brackets,

Liner bushings are provided with and without heads, as indicated in
Fig. 25, and may be permanently installed so as to receive the renew-
able wearing bushings. They are sometimes called master bushings.

The standard lengths of jig or fixture bushings are based on uniform
jig-plate thicknesses of %g, %, %, 13, and 1% inches.

(5) Clamps. Although numerous types of clamps can be used in
connection with jigs or fixtures, most successful manufacturers have
found that they can expedite their work by using a comparatively small
variety of these devices.

Five simple but useful clamps are shown in Fig. 26. Type A is useful
where the work can be slid under the clamp and out again sideways; a
spring holds this clamp up while the work is being inserted or removed.
Types B and C are extremely valuable on certain jobs because a single
turn of the adjustment nut on either is sufficient to allow the clamp to
be swung aside. Since these clamps always remain attached to the jig
or fixture, they do not necessitate excessive handling. The slotted
type-D clamp is adjustable for position lengthways; its most interest-
ing feature is that it can be slid aside or slipped off its bolt in releasing
the work. The type-E clamp may be used for a location in connection
with any type of jig or fixture.

It should be noted that all of the clamping devices shown in Fig. 26
may be used continuously without their nuts or bolts being removed,
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Range of Hole Inside Diameter A of Body Diameter B
Size in Renewable N : :
Wearing Bushings® Liner Bushing Unfinished

From Tfn:;'d Nom. Max. Min, Nom. | Max. Min.

0.0000 | o0.1562 ‘846 0.3129 | 0.3126 15 o0.520 | o.815
0.1610 | 0.3125 1% 0.8§005 0.5002 34 o.770 | 0.76s
0.3160 | o.5000 34 0.7506 | 0.7503 T 1.020 | 1.01%
0.5156 | 0.7500 I 1.0007 1.0004 134 1.395 1.390
0.7656 1.0000 134 1.3760 1.3756 134 1.770 1.965
1.0156 | 1.3750 134 1.7512 | 1.7508 214 2,270 | 2.265
1.3906 1.7500 244 2.251§ 2.2510 234 2.770 2.76s

Range of Hole . . Head
Size in Renewable | DodyDiameter B | -y pyye ThicknessC | Diam.
Wearing Bushings® F
From Tf'nz;‘d Max. Min. Short | Medium | Long Max.
0.0000 | 0.1562 | o.so17 | o.sor4 516 14 3 56
o0.1610 | o0.3125 | o0.7518 | o.7518 846 14 3¢ 151e
0.3160 | 0.5000 | 1.0018 | 1.0015% 14 34 I 1}
0.5156 | o.7500 | 1.3772 | 1.3768 34 1 134 154
0.7656 | 1.0000 | x.7523 1.7519 34 b4 136 2
1.0156 X.3750 2.2525 2.2521 I 134 134 234
1.3906 | 1.7500 | 2.9526 | 2.7522 1 136 134 3

* Minimum body diameter, B for unfinished bushings, is 0.015 to 0.020 inch larger than
nominal diameter to provide grinding stock for fitting to jig plate holes. Tolerance on frac-
tional dimensions where not otherwise specified shall be =0.010 inch. The head design
shall be in accordance with the manufacturer’s practice. The length, C, is the over-all
length for the headless type and the length under head for the head type.

Fic. 25.

Liner Bushings.
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loosening being normally sufficient for the insertion or removal of the
work.

(6) Equalizing devices. These are usually the same as vise jaws,
except that each is a combination of movable jaws while the ordinary
vise comprises one fixed jaw and one movable jaw. When used in con-
nection with machine jigs or fixtures, equalizing
devices serve to make allowances for slight varia- o
tions in unfinished work and holding various pieces
of work in the proper positions for machining. 7
Some typical equalizing devices are shown 1gn W
Fig. 27. -

(7) Feet. Each kind of jig or fixture usually
requires a specified type of feet or supporting mem- Y
bers. In most factories these units can be standard- rm
ized without difficulty. For example, Fig. 28 shows o
specifications for feet which can be used when L~ '
it is necessary to attach such supports to the jig or :
fixture body by means of screws.

(8) Handles or hooks. If jigs or fixtures or ©
parts thereof must be moved or lifted, they should .
be provided with handles or hooks. One of the more =7
interesting of these is the handle shown in Fig. 29. ©
This device is used in removing slip bushings. A

(9) Index mechanisms. Index mechanisms make l a
it possible to use a single jig or fixture for several ®
operations. Sometimes indexing is accomplished by Fii. 26, Clamps.
rotating the jig or fixture; at other times, by moving
the tool in a straight line successively under two or more spindles.
Some typical index mechanisms are shown in Fig. 30.

(10) Inserts. Since a clamp should never be used to take the
pressure of a cutting tool, it is sometimes necessary for jigs or fixtures
to have inserts at fixed location points to eliminate the necessity of
holding the work on the bases of the tools. Inserts get their name by
virtue of the fact that their bases are inserted in holes at the required
location points. They may be made from numerous materials—metals,
leather, or fiber.

Three typical inserts are shown in Fig. 31. Type A is especially suit-
able for taking the thrust of a drill for a drill jig, since the hole in its
center is of a clearance size which will enable the drill to pass on
through. Type B could be used to locate or support any work in either
a jig or a fixture. Since it is adjustable, it can be easily set to the re-
quired position. Type C was designed to locate or support work with
irregular or curved surfaces. When possible, the locating point of an
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insert should be small so that there will be less danger of dirt lodging,
thus causing inaccuracies.
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Fia. 27. Equalizing Devices.
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Fie. 30. Index Mechanisms.
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Fic. 31. Inserts.



DESIGNING JIGS AND FIXTURES 43

(11) Jacks. It is not always possible to clamp the work directly
either to the base or to one of the walls of a jig or fixture, because the
component may not be machined at those points where it is most con-
venient to effect the clamping. Jacks may then be used as work sup-
ports. Some typical jacks are shown in Fig. 32.

B é‘ndp/.:/a/’ Slot-
Spring

Maximum
/ Light

o+ Minimum

Jfccentric

N -Ous? cop
' ~Bronze bushing
Lo Press fit

——_.-Work
!

R\

Fia. 32. Jacks.
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(12) Knobs.

used in tightening or loosening the screw.

H=RADIUS,

—-—C ——j
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|
—’!l L_ Machinery

Knobs may be used on screw heads, if it is necessary
to tighten the screws without using a wrench. Some typical knob speci-
fications are shown in Fig. 33. As a rule, knobs are used when the
screw head is less than an inch in height; otherwise, a pin may be
inserted in a hole through the screw head so that two hands can be

Size 3o 38 14 %is 56 3%
A 114e 7% 146 EIT 14 1%
B 14 136 m 23 2% 3
C 114e 7% 1 1lie 1% 14
D 3 14 5% 56 3% 3%
E 5a 3 2 A 1% 14
F 7% 1 1¥e 1'% 323 1%
G ¥ 9s 3% 3 7% 1
H Yo 352 342 14 18 1%
I 342 352 1% 3o 34e s
AlBlc|D}{E|F|G|H|I
B 1M I 34 e ] He| 18 14
1 176 ) 1% ) 136) e | Be | e | 16 | 16
14| 2 1] 136 36 | 36 | %e| e | e
6] 214§ 2 136 | %Me| 18 | M| 3e| e
36| 2% | 236 134 ) %6 | 6 | W | He| W

Fie. 33. Knobs. Upper: Cast-iron knob dimensions. Lower: Star handwheel

dimensions.
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(13) Leafs.
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F1a. 34. Leafs.
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In connection with clamping and indexing mecha-
nisms, it is frequently necessary to utilize devices known as leafs. Some
typical leafs are shown in Fig. 34. These devices get their name by
virtue of their leaflike appearance. Their function is simply to swing
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(14) Locks. No matter how indexing is accomplished in a jig or
fixture, it is necessary to provide means for accurate work locations at
each station. Accordingly, we have locking mechanisms such as those
shown in Fig. 35. In all these examples, the plunger and its bushings
are hardened to reduce wear to a minimum. While the plunger should

slide easily into the indexing hole, the fit should be snug if accuracy
is desired.
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(15) Nuts. Some of the nuts commonly used in connection with
jigs or fixtures are shown in Fig. 36. Thread and other specifications for
them will be found in the Appendix.

Wing Nut

Hexagonal Rut \

Fin

E Tauper Fin Work

Knurled Nut

Hand Nut B Jig

16, 36. Nuts. Fic. 37. Pins.

(16) Pins. Several types of pins can be used in jig or fixture con-
struction, and their functions generally are to hold, support, or locate
parts of the work or parts of the tool itself. Some typical applications
of pins are indicated in Fig. 37.
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(17) Screws. Some of the screws commonly used in connection
with jigs or fixtures are shown in Fig. 38. Thread and other specifica-
tions for these screws will be found in the Appendix.
~ (18) Vise jaws. These holding or clamping units are especially
useful in connection with milling jigs or fixtures. They are almost the
same as equalizing devices, which have already
been discussed. Fig. 39 shows a variety of vise
jaws, each of which was designed for use with
machine tools.

(19) Washers. As a rule, any ordinary washer
can be used in constructing jigs or fixtures. How-
ever, in the assembly of clamping devices, it has
been found that spherical washers are most ad-
vantageous. Fig. 40 shows how spherical washers

Thumb Screw

Cheese-head Screw

rWORR

T ok

Knurled-head Screw

i

Socket-type Screw

g (A 7

Grub Screw Jaws Witk EsEcToRS

Fic. 38. Screws. Fi16. 39. Vise Jaws,
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may be used and gives an appropriate set of specifications. The two
parts of a spherical washer are normally made from S.A.E. 1020 steel
which has been carburized, hardened, and ground after machining to
shape. It has been found desirable, though not essential, to lap the
mating surfaces of the two sections together for a smooth fit. Spherical
washers are used under the clamping nuts or knobs of jig or fixture
clamps in order to attain closer fits than would be possible with pairs
of ordinary washers.
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Fia. 40. Spherical Washers.
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Foolproofing

A jig or fixture is considered foolproof when its structure is such that
an operator cannot insert either a work-piece or a tool into any posi-
‘tion other than the right one. Foolproofing can usually be accomplished
by locating pins or abutments so that they will clear or foul the com-
ponent in accordance with whether the component is in the correct or
incorrect position, and by varying the sizes of pilot bushings so that
cutting tools cannot be inserted in the wrong holes.

When the symmetry of a component makes it impractical to utilize
the pin or abutment method of foolproofing, tool designers frequently
find it possible to insure the correct alignment of parts by varying the
sizes of the tooling holes, which are sometimes used to locate compo-
nents in jigs or fixtures. A variation of this method is to add a small locat-
ing hole to the component, so that the hole will slip over a pin or abut-
ment on the jig or fixture when the component is correctly positioned.

23/64 DIA. IHOLE

............

-~ —rd

iiers U

L R i

B 1132 DIA. HOLE

F16. 41. Foolproofing.

An example of foolproofing is shown in Fig. 41. Here a flat had to
be milled on the component at 4, so that it would have proper rela-
tionship to hole B. If the fixture for holding the component had not
been foolproofed, it would have been easy for an operator to mill a flat
on the component at a point opposite hole B. The foolproofing was
accomplished simply by varying the sizes of the holes in the base of
the component and the pins over which these holes were to be fitted
in the fixture.

Tool Production Chart

Although no two factories have identical procedures for tool design
and fabrication, the reader would do well to study at this point the
Tool Production Chart facing page 200.
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This chart represents one of the most efficient tooling programs ever
developed for the construction of airframes. While the chart may
appear to be a bit complicated at first glance, its over-all simplicity is
amazing in view of the fact that it outlines specific methods of tooling
up for the production of more than a million different aircraft parts
and assemblies. Some manufacturers could use a larger chart than this
just to outline their methods of creating tools for the production of
lawn mowers.

Probably the most remarkable feature of the chart is that it does not

"necessitate specific tool designs for a large number of jigs and fixtures.
(For example, it calls for the Automatic Riveting Fixtures, whose fabri-
cation process will be completely described in Chapter 10.) It has been
estimated that this feature alone reduces the manufacturer’s tooling
costs by about 25 per cent.

When they are required, individual tool designs are created in the
form of rough drawings from reproductions of basic engineering draw-
ings by the factory’s tool planners. When these roughs have been ap-
proved by the factory’s tool engineers, they are made into finished
drawings and conveyed to the groups whose duties involve the fabri-
cation of tools.

The basis of the program is in every case a master layout which is
an extremely accurate reproduction of a full-scale engineering draw-
ing. This layout is retained in a “master tooling loft,” so that essential
and accurate engineering information can be made constantly available
to all tooling personnel.

Tool planners order templates and tools in accordance with a system
of easy-to-remember letter symbols: and because the equipment neces-
sary for each job is directly specified by the Tool Production Chart.
the chances for confusion due to improperly worded orders are greatly
minimized.

All this reduces the number of tooling problems that must be coped
with, and enables the tool engineers to devote more time to the ex-
tremely important job of modifying preliminary engineering designs so
that each new airplane can be constructed with maximum speed and
economy. However, it does not mean that the tooling program itself is
exempt from change. Alterations are constantly being made in all
phases of the procedure. If at any time it is found that certain units
will not have the desired quality when produced by standardized meth-
ods, then other methods are either adopted or developed immediately.

After reading Chapter 6, which describes the “Master Tooling Dock,”
the reader should again refer to the Tool Production Chart and note
the tooling dock (TODC) notations. He should then observe that the
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chart calls for the use of both the dock and conventional masters. This
was necessary because the manufacturer’s tooling dock facilities were
not extensive enough for the fabrication of all necessary assembly tools
at the time the chart was originated.



CHAPTER 4

TYPES OF JIGS AND FIXTURES

Nomenclature Difficulties

IT IS DIFFICULT to name all the specific types of jigs or fixtures,
because these tools may be employed in connection with a wide variety
of jobs. As a matter of fact, many industries utilize jigs or fixtures and
call them by other names—for example, the composing stick used by
printers is a fixture.

This chapter will be confined to descriptions of those tools most gen-
erally known as jigs or fixtures. Some of the more unusual types will
be discussed in the last chapter.

Adjustable Fixtures

Adjustable fixtures are used in machining components of the same
general types, but with varied dimensions, in turret lathes and in verti-
cal boring mills. They save the cost of having a different tool for each
set of dimensions, but they are not often used for mass production be-
cause their speed and accuracy depends greatly on the skill of the
operator.

Fig. 42 shows one of the few adjustable fixtures that have proved
themselves to be of value in mass production. The merit of this tool is
that it can be set up in a lathe so as to machine five surfaces simul-
taneously.

Assembly Jigs or Fixtures

As the name implies, assembly jigs or fixtures serve to hold par.s in
the process of assembling the components of a structure. For this
reason, they are sometimes called kolding or mating jigs or fixtures.
Specific types of these tools are:

(1) Bench assembly jigs or fixtures. These jigs or fixtures are
comparatively small tools which can be attached to or used in connec-

63
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tion with a work bench. A typical bench assembly fixture is shown in
Fig. 43. This tool is used in assembling a complex system of tubing.
Similar units can be used to assemble electrical wires, cables, or in-
numerable other small parts in predetermined sequences.

(2) Detail assembly jigs or fixtures. Tools of this type are used
only in connection with single operations—for example, the welding of
two components. Fig. 44 shows a conventional detail assembly tool.
The purpose of this fixture is to hold an electrical plug during the
process of soldering.

(3) Picture-frame jigs or fixtures. These tools are so named be-
cause each surrounds its assembly as a frame surrounds a picture. A
typical picture-frame fixture was illustrated and described in Chapter 2.
Tools of this type are generally used to assemble sheet-metal parts
whose layouts are essentially two-dimensional. They may be mounted
on a moving assembly line or attached to the factory floor.

(4) Single-beam jigs or fixtures. When long and narrow assemblies
are to be made, single-beam jigs or fixtures are ordinarily employed.
As indicated in Fig. 45, a single-beam jig comprises a single-beam mem-
ber with locators or holding devices which extend away from the beam,
and a suitable supporting structure. If the beam can be so turned as to
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Fic. 44. Detail Assembly Fixture.
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alter the attitude of the work, it may be more aptly termed a torque-
beam jig or fixture.

(5) Three-dimensional jigs or fixtures. These jigs or fixtures are
the more complicated assembly tools, used when the assembly is such
that a general-parts layout in only two dimensions is impractical. A
very large three-dimensional jig or fixture is frequently called a buck.

Fic. 46. Buck.

Fig. 46 shows a buck which has been used in building the major portion
of a large airplane fuselage as a single unit. Tools of this type are not
often used for mass production, because their lack of accessibility gives
them a very low efficiency rating.

Automatic Jigs

Although they are rather expensive, automatic jigs are particularly
useful in mass production because they automatically locate and clamp
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Fic. 47. Automatic Jig.

the work in place. They have been extensively used in the automotive
industries.

An automatic pin drilling and burring jig is shown in Fig. 47. This
tool even ejects its own chips. An operator is required only to load
it with pins. When the cycle of operations is complete, the individual
pins fall down the chute at the right.

Boring Jigs

Boring jigs are commonly used for machining holes which must be
aligned and sized with particular accuracy, or which are too large for
drilling. They may also be used in finishing two or more holes in the
same line.

Where these tools are employed, the boring operations are generally
performed by boring bars with inserted cutters of various sizes. The
boring bar is usually guided by two bushings, one on each side of the
bored hole and located as close as possible to each end of the hole. The
bar is rotated and simultaneously fed through the work, or the work
with its jig is fed over the rotating bar. Tiis may be accomplished in
a regular boring lathe, in horizontal boring or drilling machines, or in a
radial drill. '
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The boring jig body may be either a solid piece or a combination of
members. Since the strain on such tools is frequently considerable, the
body should be rigidly designed so that its members will permit the
least possible spring. Also, because boring jigs must be securely fastened
to machine tables, each tool of this type should be provided with con-
venient and accessible clamping devices.

F1a. 48. Boring Jig.

Fig. 48 shows a boring jig used to bore for cylinder liner sleeves in a
medium-size Diesel engine block. Note that the bushings are so located
that they will have a substantial bearing in the jig body. Smaller boring
jigs may be provided with tongues or lips on the surfaces which are
clamped to the machine table, so that the machine operators can
quickly locate each tool in the correct position. Further, it is often
efficient and economical to provide small boring jigs with feet so that
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they can be used on a regular drill-press table—that is, when the holes
to be bored can be opened with a drill piercing the base material.

The guide bushings of boring jigs are of the same general types as
the bushings for drill jigs. They may be made of either cast iron or
steel. They should be ground to fit the boring bar, which is also ground,
and they should be long enough to insure good bearing.

Broaching Fixtures

Most broaching (the enlarging and dressing of holes) can be accom-
plished without special fixtures, a hardened bushing which fits into a
hole in a machine table being all that is generally necessary. However,
on vertical machines, it is sometimes preferable to slide the work over
the leading edge of the broach and, in such cases, fixtures are desirable.

For example, when the bottom of the keyway in a taper hole is re-
quired to be parallel to the taper, a fixture such as the one shown in
Fig. 49 may be used. Here a work-locating spigot is arranged with its_
axis at an angle to the center line of the tool and broach guide so that -
the work will be held in the required position. Because the fixture is
flanged and increased in diameter, and because a locating peg is pro-
vided, the keyway may be positioned radially with regard to the holes
in the flange.

Spigots alone sometimes serve as fixtures for broaching keyways, as
indicated in Fig. 50. The rear portion of the illustrated fixture is fitted
into a hole in the machine table, and the flat undersurface is positioned
against a shoulder or plate to prevent movement. A component (repre-
sented by phantom lines) is push-fitted over the front end of the fix-
ture, and the bottom of the groove within the fixture controls the depth
of the keyway—since the total depth of the groove plus the depth of
the keyway equals the maximum depth of the broach at its largest end.
If a hardened shim is placed in the bottom of the fixture groove, it
becomes possible to cut a keyway deeper than the total cutting depth
of the broach. A lip on the shim should bear against the end of the

spigot and keep the shim from being pulled through the slot by the
friction of the broach.

Combination or Indexing Jigs or Fixtures

Combination or indexing jigs or fixtures are those tools which can be
individually used to accomplish two or more operations. The former
may be distinguished from the latter by the fact that the indexing group
normally utilizes special index mechanisms, such as were discussed in
Chapter 3.
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Fie. 49. Broaching Fixture.

Fig. 51 shows a combination fixture which is capable of performing
two operations without the aid of a special indexing device. Powered by
an arbor press, this tool is used to press and stake bearings in bearing
plates.

A jig which can perform three operations without the use of an
indexing device is shown in Fig. 52. This tool is used by a large stove
manufacturer for the purpose of assembling, drilling, and trimming

SHIM S10E viEw FRONT VIEW

Fic. 50. Spigot Used as a Broaching Fixture.
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Fie. 51. Combination Fixture.

J'1a. 52. Combination Jig.
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drop-hammered sheet-metal parts. The wooden base of the tool has the
cxact shape of the parts which are to be assembled. When the parts
have been properly positioned on this base, they are locked in place
by a drill-jig frame. Holes are drilled in the parts through bushings in
the frame, after which the parts are trimmed along the edges of the
bace and the frame is removed to permit assembly of the parts by rivet-
ing and bolting.

Drill Jigs

Drill jigs are used almost exclusively for drilling, reaming, tapping,
countersinking, and facing. Whenever more than one of these oper-
ations are required on a single piece of work, it is usually most practical
and economical to accomplish all of the operations in a single tool, using

ORILL BUSHINGS
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Fia. 53. Open Drill Jig. Left: Jig. Right: Jig in usc.

slip bushings or index mechanisms. In certain unusual circumstances,
it may be necessary to use separate jigs.

The two general types of drill jigs are known as the open and the
closed types.

Open drill jigs are sometimes called clamping jigs. Their bushings
are normally in the same planes, or parallel with one another, and they
are not provided with removable walls or leafs. The work may be in-
serted without moving the parts of the tool, and the jig may be held to
its work by means of straps, bolts, or clamps. The jig may be fitted into
or over some finished part of the work so that it will be properly located
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and fixed in position. The simplest jigs of this type are merely plates
provided with bushed holes which are located to correspond with the
required locations for the drilled holes. One of these is shown in Fig. 53.
This tool is used in drilling the stud bolt hoies in a cylinder flange, and
also for drilling the cylinder head which is bolted to the cylinder.

Closed drill jigs are sometimes called box jigs. They are so named
because of their appearance, and are used in working on components
whose holes must be drilled at various angles to one another. As a rule,
a tool of this type can be used only after one or more leafs or covers
have been properly adjusted. Sometimes it is necessary to remove a
loose wall, which is held in place by means of bolts or dowel pins, in
order to locate the work in the jig; and the work is ordinarily held in
place by means of screws, screw bushings, straps, or hook bolts. Fig. 54
shows a typical box or closed jig which is used in drilling holes of dif-
ferent diameters in steel balls.

Grinding-machine Fixtures

Grinding-machine fixtures are used to hold parts which must be
machined by grinding to extremely accurate dimensions—engine con-
necting rods, bevel gears, crank pins, valve faces, and camshaft flanges.

F1e. 56. Dolly.
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Fig. 55 shows a grinding-machine fixture which is used to grind two
11-inch spherical radii on a level switch.

Handling Jigs or Fixtures

Handling jigs or fixtures are primarily designed for use in moving
large components or partly complete assemblies from one location to
another. They are best known as dollies and cradles.

A typical dolly is shown in Fig. 56. Tools of this type are towed
behind a truck or similar vehicle. Because they are extremely accessible,
they may also serve as assembly tools for the installation of small
furnishings. Care should be taken to avoid the installation of top-
heavy or protruding details on dollies. When the dolly is used in con-
nection with an assembly that is awkward to handle, it should be pro-
vided with sufficient adjustment to facilitate loading and unloading.
Since rigid construction is not a matter of prime importance in a tool
of this type, a dolly usually comprises a series of vertical supports tied
together through the center with a horizontal beam which has bracing
suitable to provide stability. Holding devices are used to maintain the
position of the work in the tool, and each part should be positioned or
held so that it will not be damaged.

Cradles are virtually the same as dollies, except for the fact that they
must be moved by means of a crane or hoist rather than a ground-based
vehicle. Accordingly, they should be designed so that they can be easily
balanced. A typical cradle is shown in Fig. 57.

LIFTING BLOCK
LOCATED TO BALANCE

TOEGLE CLAMP

Fra. 67. Cradle.
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Inspection Jigs or Fixtures

Inspection jigs or fixtures are tools used to determine whether com-
ponents or assemblies have been manufactured with satisfactory pre-
cision. They are sometimes called testing or checking jigs or fixtures.

Fig. 58 shows a pair of air-test fixtures which are used to check for
leaks in a series of six-arm intermediate impeller drive shafts, each of
which has six radial oil holes. The function of these fixtures is to seal
the drive shaft holes so that compressed air can be injected into each
shaft. If the shaft shows no signs of air leakage while in one of these
fixtures, the inspector can be reasonably certain that it will not leak oil
when in actual operation.

An inspection jig, used in testing valves, is shown in Fig. 59. This
tool will check three dimensions simultaneously.

Fig. 60 shows how a very simple checking fixture may be used in
conjunction with a gage to determine the concentricity and over-all
dimensions of a series of small shafts.

F1a. 58, Air-lest Fixtures,
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Locating Jigs or Fixtures

Locating or alignment jigs or fixtures are closely related to assembly
tools because their primary purpose is to facilitate the accurate loca-
tions of parts. However, they do not always have provisions for clamp-
ing or holding the components, and they may be used for disassembly
as well as for assembly.

A typical alignment jig is shown in Fig. 61. The purpose of this tool
is to maintain the relative positions of four vital fittings while the nose
landing gear of a large airplane is removed, repaired, and replaced.

“ING{ DOO“ PANEL

‘ i FIXTURE

THGS METAL INSERT IN THE
FIXTURE CSTABLISHES
PROPER CLEARANCE BETWEEN
HINGE AND DOOR BEFORE
DRILLING RIVET HOLES.

Fic. 62. Locating Fixture.

Fig. 62 shows a locating fixture which is used to establish the proper
distance between a metal door and its hinge prior to drilling and rivet-
ing the two parts.

Milling Fixtures

In addition to those holding tools used in connection with milling
machines, the fixtures for planers and shapers may be generally
classified as milling fixtures.

The simplest form of milling fixture holds and locates a single com-
ponent in the course of a single operation in a milling machine. More
complicated tools of this type may hold duplicate castings or forgings
in a variety of positions, either for milling surfaces which are at an
angle or for milling at various points around a circular part. Accord-
ingly, some milling fixtures control the paths followed by their cutters,
and others are designed to give the work a rotary feeding movement
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I16. 63.  Milling IMixture.

(for example, as when milling a curved slot or groove on a cylindrical
part).

One of the more complicated milling fixtures is shown in Fig. 63.
This rotary tool is particularly useful because it enables a single
machine to mill cylinder heads continuously without pauses during
which the operator makes new setups.

Generally speaking, planing fixtures do not have to be constructed
as strongly as ordinary milling fixtures, because they are not used in
making such heavy cuts. They may be provided with setting pieces or



72 JIGS AND FIXTURES

templates which will set the cutting tools so that the work is always
machined in a certain relation to the locating means on the fixture itself,

Shaping fixtures are essentially the same as planing fixtures, except
that each shaping fixture must be designed to hold the work in a single
position. '

The most commonly used fixture for planing, shaping, or milling is
the vise. Frequently the regular vise jaws are replaced by false jaws,
which may be fitted with locating
pins or seats and held together like
regular jaws.

Trunnion Jigs or Fixtures

Almost any jig or fixture can
be equipped with a trunnion, when
it is necessary to increase the ac-
cessibility of the tool.

For example, Fig. 64 shows
a picture-frame assembly fixture
which is equipped with a trunnion
so that its frame can be rotated

Fia. 64. Fixture with Trunnion. through 360 degrees. The purpose

of this was to make the upper and
lower components in the tool separately accessible to workmen standing
on the factory floor.

The mechanism of a large fixture trunnion is indicated in Fig. 65.

Universal Jigs or Fixtures

Universal jigs or fixtures are those tools which can be used in
accomplishing a variety of jobs. Probably the most common tool of this
type is the universal drill jig.

Fig. 66 shows a universal drill jig which can even be used in place of
a boring mill. This tool has an adjustable base which can be lowered
or elevated to the desired height of the hole, and a drill bar with a flat
face, which has been ground to exactly half the over-all diameter. A
protractor is used to set the drill bar at the proper angle, and set screws
are used to hold the bar in this position. Thus it becomes possible to
drill holes in parts with numerous different shapes to a tolerance of plus
or minus 0.001 inch.
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I16. 66. Universal Drill Jig.



CHAPTER 5

MASTER TOOLS

Need for Masters

IN ORDER to mass produce a large number of articles with essentially
the same physical characteristics, it is necessary to utilize a single
“master” article which will serve as a standard for replicas. For
example, if we wished to produce a series of sheet-metal parts with
identical curvatures, we would first have to construct a master contour
model from plaster or similar material; then we would use the model
to make molds or female patterns, in which dies would be cast for the
purpose of forming the parts in a hydropress or under a drop hammer.

The need for masters is particularly urgent when it is necessary to
duplicate jigs or fixtures, because it is economically impractical to
construct identical tools which will produce interchangeable parts with-
out foolproof instruments for controlling dimensions. Therefore. we
have master tools.

The two general types of master tools are commonly known as tool
mastcrs and control masters.

Tool Masters

The primary function of a tool master is to provide the means for
accurately positioning the locating elements of a given jig or fixture.
Hence, it is normally the exact opposite of the jig or fixture and it may
be called a master gage or a work master.

Fig. 67 shows the relationship of a very simple jig and its tool master.
Note that where the locating element on the jig is a male part, the
corresponding element on the master is a female part—and vice versa.
In this particular instance, the function of the master is to space and
align the lugs on the jig.

Often enough, the over-all appearance of a tool master is the same as
that of the part which is to be assembled or fabricated in the jig or
fixture. For example, Fig. 68 shows the tool master for a fixture which
has been used in assembling metal doors.

75
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In other cases, the tool master merely reproduces the locating points
or “critical areas” of the part which is to be assembled or fabricated in
the jig or fixture. For example, Fig. 69 shows a layout of tool masters
which have been used in making jigs for assembling the empennage of
a large airplane.

ADVANTAGES OF TOOL MASTERS

Before tool masters were developed, it was extremely difficult and
expensive to duplicate accurate jigs or fixtures because it was impossible
for toolmakers to work consistently at subvisual tolerances with ordi-
nary positioning or measuring equipment. This obviated the possibility

of efficient mass production,

4 because efficient manufacturing
% methods are largely dependent
%///////////////////////% upon tolerances. If an article is
T / 3 constructed with more than nec-
essary precision, production time
X is wasted almost the same as if
% the work were accomplished with
\\\\\ insufficient accuracy; and, if con-
sistent tolerances cannot be ob-
served in the construction of du-

Fi:. 67. Simple Jig and Tool Master. plicate tools or parts, all the ad-

vantages of interchangeability are
lost. Accordingly, tool masters were created to serve as gages. They are
better than other types of gages for duplicating purposes, because their
accuracy is not dependent upon manual adjustments for each series of
operations.

The tolerances observed in the manufacture of tool masters are
dependent only upon the tolerances required in fabricating or assem-
bling finished parts. Regardless of how small these tolerances may be,
tool masters enable workmen to transfer a single set of dimensional
peculiarities to an unlimited number of duplicate jigs or fixtures in a
minimum amount of time and without a large accumulation of errors.

%\

T00L MASTER

USE OF TOOL MASTERS

Jigs or fixtures must be duplicated whenever identical parts are to be
fabricated or assembled in more than one location. When identical jigs
or fixtures are needed in more than one factory, it is often best to con-
struct all of the tools in a single plant so that one layout of tool masters
may be utilized. The object of this procedure is to insure the dimen-
sional consistency of all identical parts.
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HINGE POINTS

Fic. 68. Tool Master for Metal Door Fixture.

When it becomes necessary to ship a jig or fixture from one plant
to another, there is always the possibility that the accuracy of the tool
will be impaired before it reaches its destination. Therefore, the receiv-
ing plant must be provided with accurate means for checking the tool.
This may be accomplished by shipping a sample part or the tool master
along with the duplicate jig or fixture. When the tool master is shipped,
it is generally most economical to construct the duplicate tool therefrom
at the receiving plant.

F1a. 69. Tool Masters for Airplane Empennage.
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TOOL MASTERS FOR INSPECTION

In many large factories, it was at one time customary to wait until
some trouble in co-ordination was experienced before a check was made
of a jig or fixture. But now this practice is generally neither economical
nor expedient, because tool masters make it possible for tool proofers
to check each jig or fixture at specified intervals with both speed and
efficiency.

Besides saving the time that might be lost because of defective work-
manship, this inspection eliminates the expense of scrapping or salvag-
ing valuable materials.

TOOL-MASTER STRUCTURES

Since they must retain their predetermined dimensions within close
tolerances, tool masters should always be structurally stable and ca-
pable of withstanding all the rough handling and loads that may be
imposed upon them.

The design of the tool-master structure should be such that critical
“face-to-face” dimensions can be transferred to jigs or fixtures by means

ATTACHING POV TS
21 EAMTPENNASE

MASTLE
AATNG A7 7TACHING
NASTLER RPOINTS

Fic. 70. Tuselage Tool Master.

of ordinary feeler gages, because this will facilitate reworking due to
engineering changes and speed the inspection of production tools.

The male fittings of the tool master should be made to the top limits
of the male fittings of the component (and, conversely, the female
fittings of the tool master should be made to the bottom limits of the
female fittings of the component) so as to prevent interference fits,
which would cause the production tool to be improperly co-ordinated
with the component.
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Fig. 70 shows an exceptionally strong and stable tool master which
has been used in duplicating assembly jigs for the aft end of an airplane
fuselage; it is a semimonocoque structure with welded-steel construc-
tion. Because they can be used in reproducing different types of small
jigs or fixtures, the parts of a large tool master like this one may be
given different names—such as mating master and empennage master.

Control Masters

When duplicate jigs or fixtures must be constructed in a number of
different factories, it is necessary to supply each plant with an identical
set of tool masters. Control masters are used to make these identical
tool masters. A control master may be either an extremely accurate
production tool or a special contributory tool which has little resem-
blance to an ordinary jig or fixture.

Those production tools which serve as control masters are commonly
called master jigs or master fixtures, and are preferred by some manu-

used directly on an assembly
line after the mastering pro-

gram is complete. NN \,,,:\Sf
. ’I/;\;///.l\ — RN
The con.trlbutory tools /Q//A§
which function as control mas- §

ters are sometimes called grand
masters or master masters. In
mass production, they may be
superior to master jigs or fix- F1a.71. Grand Master and Tool Master.
tures because their structures
are especially designed for the rapid reproduction of the various tool
masters. Fig. 71 indicates the relationship of a grand master and a tool
master. Compare this with the relationship shown in Fig. 67.

In any event, the control master represents the locating elements of
a production jig or fixture. For this reason it can also be used to check
the accuracy of a tool master, a component, or an assembly.

CONSTRUCTION OF CONTROL MASTERS

Either the control master or the tool master may be constructed first,
depending on the urgency with which the first production jigs or fixtures
are needed. If time permits, the control master is usually built first;
but if there is a rush to get into production, the tool master is of more
immediate value.

The control master, whenever it is constructed, becomes the origin
of all dimensions within its control. It is used primarily to construct
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tool masters; and since it is a precision tool, it should be handled with
considerable care.

The structural stability and tolerance requirements for control
masters and tool masters are essentially the same.

Co-ordination

When mentioned in connection with tooling, the term co-ordination
usually refers to an ideal state in which all holes are properly aligned,
all tools are correctly dimensioned, all components are interchangeable,
and the like. Therefore, when we hear of a well-co-ordinated tooling
program, we realize that the program is reasonably close to technical
perfection.

Although they are not by any means in universal use, tool masters
and control masters facilitate the establishment of a well-co-ordinated
mass-production tooling program by making it possible for tool fabri-
cators to obtain all their basic information from a single dependable
source.

For example, the control of the dimensions between holes in two
mating parts can be most readily established by means of the mating
portion of a tool master, from which drill jigs for both parts can be
constructed. This eliminates the possibility of variations in the locations
of holes, because the required dimensions for the separate units come
from a single source.

Similarly, control masters may be utilized to co-ordinate adjacent
tool masters and their mutual critical points. Sometimes, in fact, a
single control master may establish all the dimensions required in con-
structing tool masters for an entire structure. When this is possible, the
co-ordination of production tools and parts is almost unavoidable.



CHAPTER 6

MASTER TOOLING DOCK

Purpose

ALTHOUGH THE master tooling dock was primarily designed to
serve as a positioner for the locating elements of assembly jigs or
fixtures, it has a variety of interesting features which might be of value
to any manufacturer whose production depends upon the development
of precise and co-ordinate tools and gages.

Besides eliminating the need for many of the complex mastering tools
described in the previous chapter, the master tooling dock can be uni-
versally applied to the work of grid-line scribing, constructing “mock-
ups” (or contour models), tool proofing, and jig boring. It can be
utilized rapidly and efficiently by semiskilled workers, and it permits
automatic co-ordination in the manufacture of either prototype or
production tools.

Essentially, the master tooling dock is a mechanical means for pro-
jecting the two-dimensional (or flat) master layouts of a streamlined
body into the third dimension without a loss of accuracy. Figs. 72, 73,
and 74, respectively, show how the bodies of an automobile, a railroad
car, and a motorboat might be faired in conformity with the lines of a
grid plane system as a series of flat master layouts.

In the master tooling dock, the grid lines of the flat master layout
are represented by a series of physical members called straightedges.
There are four longitudinal straightedges to represent station lines or
length dimensions; two vertical straightedges to represent water lines
or height dimensions; and one or two transverse straightedges to rep-
resent buttock lines or width dimensions.

Fig. 75 indicates the nomenclature of a large version of the master
tooling dock.

Physical Characteristics

The base of a master tooling dock is of particular importance,
because the accuracy of any large tool is dependent upon the nature of
its foundation; and, as previously explained, the characteristics of a
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e, 720 Greid Line Lavout for an Automaobile,

Fre. 73, Grid Line Layout for a Railroad Car.
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Fre. 71, Grid Line Lavout for a Motorboat.
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Fre. 75. Nomenclature of a Large Master Tooling Dock. (General view of a 60-foot
dock.)

supporting structure depend largely upon the features of the locality in
which it is situated. Fig. 76 shows the cross section of a dock which
was erected in a coastal area, where the ground is subject to changes
due to both tidal movements and earthquakes. The base is of reinforced
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concrete, completely independent of the surrounding building struc-
ture and supported by pilings driven into solid earth (which is at a
depth of approximately 40 feet).

Embedded in the base are loading rails, which may be used to locate
the rough structure of a jig or fixture during set-up operations, and a
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F1c. 76. Cross Section of a Master Tooling Dock.

series of vertical columns, which are large-diameter steel pipes filled
with concrete and bonded to the base with reinforcing steel. The
columns carry a structural steel superstructure which supports the
upper longitudinal straightedges, crane rails, and catwalks. The lower
longitudinal straightedges are supported directly from the base by angle
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I'16. 77. Longitudinal Straightedges of Tooling Dock. (For purposes of clarity, only
two of the four longitudinal straightedges are shown.)

blocks, which are fastened to the base by studs sunk into the con-
crete.

All four of the longitudinal straightedges are secured by micrometric
adjusting screws, which may be used in aligning the straightedges in
true parallel relationship with one another. The alignment is accom-
plished within exceedingly close tolerances by means of electrically
energized wires, an electronic mercury level, and master gages.

Since they are movable, the vertical and transverse straightedges are
dependent only on the alignment of the longitudinal straightedges for
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the relative accuracy of their positions. Physically, they have three
major features in common with the longitudinal straightedges:

(1) Each straightedge has a series of 0.5-inch diameter bushed holes
at 10-inch intervals, evenly spaced on a single edge as indicated in
Fig. 77. The centers of these holes represent the locations of grid lines
or planes. The holes are numbered for reference and identification; and,
owing to the extreme accuracy of their 10-inch locations, they are used
as the basis for all positioning.

(2) Each straightedge has a T slot running its full length for use in
clamping certain accessories, once they have been positioned.

(3) Each straightedge has a ribbed working surface, which has been
carefully machined and then scraped or ground to reduce surface
irregularities.

It has been found that the fixed longitudinal straightedges can be
aligned to a tolerance of +0.001 inch up to lengths of 60 feet. If the
foundation of the dock is adequate, this alignment will not vary more
than 0.002 inch in a period of three months.

The working capacity or size of a master tooling dock is determined
by the lengths of its straightedges. Because of machining limitations, it
has been found advisable to make the straightedges in units with lengths
of not more than 20 feet, even though their total lengths may be con-
siderably more.

The master tooling dock shown in Fig. 75 has vertical straightedges
15 feet high, transverse straightedges 10 feet wide, and longitudinal
straightedges 60 feet long. Accordingly, it has a 15’ by 10’ by 60’
working bay or envelope. The smallest dock yet constructed has a
working bay or envelope of 20’ by 8" by 6.

Dimensional Control

Either strip templates or microbar-type location gages may be used
to provide dimensional control for establishing the positions of the
movable straightedges of the master tooling dock. When speed alone is
the most essential tooling requirement, the microbar is used; but when
strict parts interchangeability is necessary, or when a number of
duplicate jigs or fixtures must be produced, the strip templates are
preferable.

Strip templates are 34" by 2” by 51” cold-rolled strips of steel. In
one margin of each strip, 0.5-inch diameter holes are jig-drilled at
10-inch centers, so as to match the grid holes in the straightedges, upon
which the strip template is mounted by means of ground pins. In the
opposite margin, holes are jig-bored to the precise offsets called for by
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['16. 78, How Strip Templates Provide Dimensional Control.

the basic dimensions of the article to be constructed. Fig. 78 shows how
the latter holes can reproduce the basic dimensions of an airframe. Strip
templates can be fabricated as soon as the basic dimensions of a
product are determined; and their number is proportional to the over-
all length, breadth, and height of the product. Each strip template can
be identified and classified by stencil markings and conveniently stored
in an ordinary filing cabinet, as shown in Fig. 79.

It has sometimes been found economical to utilize a microbar loca-
tion gage in place of strip templates, since a single microbar can be used
for all straightedge positioning. However, the microbar is not as depend-
able as a strip template because it must be reset manually by means of

Fic. 79. Strip Templates in Filing Cabinet.
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Fia. 80. Microbar.

a micrometer for each individual positioning operation; and this, of
course, brings human fallibility into the work. Fig. 80 shows a microbar
of the type that has been commonly used in connection with the master
tooling dock.

Operation of the Master Tooling Dock

For ordinary jig or fixture positioning operations, ten simple steps
are required to utilize the master tooling dock. They are:

(1) A jig or fixture frame is moved into the area between the longi-
tudinal straightedges by means of an overhead crane. (See Fig. 81.)

(2) The frame is positioned in accordance with the reference lines
of the dock by means of the loading rails and supporting devices at-
tached thereto. (See Fig. 82.) The loading rails consist of two pairs of
steel channels, spaced so as to admit the use of T bolts, and the sup-
porting devices are usually clamps or braces, which can be securely
bolted to the rails.

(3) A strip template is used to position fittings, which will establish
station locations when fastened with appropriate bolts to the T slots
of the longitudinal straightedges. (See Fig. 83.) The same strip tem-
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Fia. 81, Moving a Jig Frame into the Master Tooling Dock.
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Fia. 82. Positioning Fixture Frame in Master Tooling Dock.

plate can be used to find identical station locations on all four longi-
tudinal straightedges

(4) The jig or fixture frame location is tool proofed. (See Fig. 84.)

(5) By means of the overhead crane, the vertical straightedges are
moved to the fittings which establish the location of the first station on
the longitudinal straightedges. When they have been attached to the
fittings by means of ground pins, the first dimension in space is firmly
and accurately established. (See Fig. 85.) Note that the vertical
straightedges simulate the face of a vertical drafting board. A screw
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Fia. 83. Usine Strip Template to Position Dock Station Fitting.

Fig. 84. Tool Proofing Jig or Fixture-frame Location.
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jack at the foot of each vertical straightedge permits adjustment, so as
to relieve any strain that might be imposed on the longitudinal straight-
edges; this unit should be adjusted until the ground pin turns freely in
the bushed hole, which is used to position the vertical straightedge. A
machine screw can be inserted through a clearance hole in the center
of each station fitting into threaded holes in the vertical straightedge,
enabling the latter to be tightened against the face of each longitudinal
straightedge.

(6) A strip template is used to find a water-line location on each of
the two vertical straightedges, so that additional fittings may be

VERTICAL

/ STRAIGHTE D6E

WORKING FACE
VERTICAL 3TRAIGHT
EDG6E

\ . DOCK FITTING
a OCATING P)

' LONGITUDINAL

'STRAIGHT EDGE

| SETTING THE VERTICAL STRAICHTEDGE
70 DOCK FITTING

F1c. 85. Positioning a Vertical Straightedge.

correspondingly positioned (by means of T bolts in the appropriate
slots) and the transverse straightedge may be positioned at the correct
height on the vertical straightedges. (See Fig. 86.) One or two trans-
verse straightedges may be used, depending on the nature of the job.
The transverse straightedges are analogous to the conventional parallels
used on drafting boards, except that their movements are in the perpen-
dicular plane and they establish the second dimension in space. Coun-
terweights inside of the vertical straightedges may be attached to the
transverse straightedge by means of cables and pulleys, so that the
latter may be balanced for easy operation.

(7) A strip template is used to find a butt-line location on the trans-
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verse straightedge, and at this point an index fitting or dummy locator
is positioned to establish the third dimension in space. (See Fig. 87.)
Altogether, there are three types of fittings which can be used to estab-
lish the third dimension in the inaster tooling dock. First, there is the
index fitting which is used to locate tooling holes on flat surfaces; then

WATER LINE
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VERT(CAL STRA!
EDGE

LONGITUDINAL
STRAIGHTEDGE

SETTING THE TRANS-
SE_STRAIGHTE DGE

Fic. 86. Finding a Water-line Location in Tooling Dock.

there are two types of dummy fittings, which might be compared with
the “mortise” and “tenon” joints used in woodworking (since one is a
female and the other is a male). To cope with the many variables that
may be encountered, these fittings can be fabricated with a variety of
dimensions. However, the dimension of 2 inches is very accurately
machined in the dummy fittings so that each may be precisely held for
setup and use.

(8) A jig or fixture locator is positioned on the dummy locator or
equivalent fitting. (See Fig. 88.)
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(9) The entire setup is tool proofed. (See Fig. 89.) At this point,
virtually all tool proofing can be accomplished with plug gages.

(10) The locator is mated with the jig or fixture frame by pouring
molten Cerromatrix (a metal alloy with a low melting temperature) or
equivalent material into a pot which is attached to the frame so as to
surround the locator base. (See Fig. 90.)

TBUTT LINE STRIP TEMPLATE
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EDGE

W=

Fra. 87. Establishing - Third Dimension in Space.

The ’l\ast six steps are repeated at each following station until the jig
or fixture is complete. Thus, it is now possible to accomplish in only a
few hours positioning operations which previously would have required
days of difficult work with transits, surface plates, piano wire, oil bobs,
scales, height gages, verniers, and similar instruments.

A phenomenon of the master tooling dock is that the tolerances, which
must necessarily exist in all settings, are not cumulative. The dimen-
sional control established by the successive use of identical strip tem-
plates tends to negate deviations in the various mating assemblies.
Therefore, it has consistently been found possible to produce tools well
within the tolerances required for successful structural matings. Only a
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Fi¢. 88, Positioning Jig or Fixture Loceator.

study of engineering requirements can determine the tolerances for any
one job; but it may be said that, when matings must be held within
limits closer than —+0.005 inch, the best practice is to set up one side
in the tooling dock to the nominal dimensions called out and mate the
adjacent side accordingly, using ground pins of extremely close fit.
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e Do Bty
Fic. 89. Tool Proofing Tooling Dock Setup.

Index Templates

When it becomes necessary to position contour locators in the third
dimension, and to establish the relationship between tooling holes in
each part to be located in a production tool, an index template can be
advantageously used in connection with the master tooling dock.

Each index template is made of J4-inch sheet steel, with the height
and width required for a given tool in accordance with the loft- or
body-plan information on a master layout. The layout might therefore
be called a metal layout of the body plan, except that it has tooling
holes instead of contour lines.

The process of fabricating an index template is as follows:

(1) The required number of master metal layouts are photograph-
ically reproduced on }4¢-inch steel template stock, which can be used
for further tooling purposes, and thus the master tooling layouts are
produced.

(2) A master index drill bar is used at the intersection of the grid
lines with the principal reference plane of the article to be constructed,
so that co-ordinating holes can be drilled at 10-inch intervals in one
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edge of each master tooling layout and in one edge of the blank index
template. (See Fig. 91.) The co-ordinating holes are reamed to a
diameter of 0.5 inch.

(3) Each master tooling layout is superimposed over pins inserted
in the co-ordinating holes of the otherwise blank index template, and
exact tooling hole locations are transferred to the index template by
stack drilling. (See Fig. 92.)

The index template is attached to two transverse straightedges in
the master tooling dock, as indicated in Fig. 93, and the tooling holes

PIN (TYPICAL) THRU

© INDEX HOLES

DRILLED INDEX PLATE
THE MASTER LAYOUT IS PLACED
OVER THE INDEX PLATE, PINNED
IN © PLCS, AND STACK DRILLED
TO INSURE POSITIVE COORDINATION.

Fra. 92, Stack Drilling Tooling Holex in Index Template,

thereon are directly used to position jig or fixture contour locators.
Since this necessitates only variations in the positions of the vertical
straightedges, it then becomes possible to move rapidly from station to
station in the process of establishing tooling locations.

Because a master layout can be the sole source of reference in fabri-
cating templates for the master tooling dock, complete co-ordination of
all tooling holes can be readily attained, making it unnecessary for
workmen to refer to drawings in order to ascertain dimensions.

Tool Proofing

Prior to the development of the master tooling dock, jig or fixture
tool-proofing equipment included virtually everything from nonpreci-
sion tools (such as plumb bobs, squares, and scales) to precision tools
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(such as transits, levels, sine bars, micrometers, height gages, and indi-
cators). Each tool had to have its own checking setup, and in some
instances it took as long to check as it did to fabricate one of the more
complex assembly jigs; then, when the job was finished, the expensive
checking setup had to be scrapped.

Fic. 93. Index Template in Master Tooling Dock.

In the master tooling dock, only a few standard plug and feeler gages
are required for tool proofing. The tool proofer needs only to make sure
that locating pins fit freely, that the right accessories are used, and that
a feeler will not go between two surfaces when close fits are required.

The master tooling dock itself is the answer to most of its own tool-
proofing requirements, because it is a permanent universal tool which
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provides a true working surface in three-dimensional planes and because
its strip templates provide permanent dimensional control for each jig
or fixture. .
. When index templates are used, tool proofing should begin with
inspection and approval of the master layouts. The means of reproduc-
ing the layouts should be investigated as to dependability, and those
reproductions which are released should be stamped “Approved” by the
tool proofers. Because the lines layout of a given template usually
establishes the pattern of holes for structural assembly and co-ordina-
tion, and because the tolerances required for the cylindrical fits are
usually at subvisual limits, it is further desirable to drill and use one of
the layouts as a master for reproductions. Inspection for hole layouts
may then be physically accomplished by checking the master with each
reproduction by means of plug gages only.

Tool proofing after each dock operation is fast and convenient, and
it will not interfere with the flow of tooling production. For example,
with the setting of the last locator from an index template, the tool
proofer needs only to plug into two holes; then the finished jig or
fixture is completely inspected, ready to be put to use.

Strip templates can be used for rechecking purposes and for restoring
original setups. Therefore, neither tool masters nor control masters are
required as long as a master tooling dock is available. However, both
tool masters and control masters can be constructed in the dock, if it
becomes necessary to check or duplicate a jig or fixture in a subsidiary
plant where no dock is available.

Contour Mastering

In almost every streamlined structure, there are a certain number of
surfaces with compound contours—for example, the fenders of an auto-
mobile and the wing surfaces of an airplane. Of these, as previously
explained, it is a common practice to make “mock-ups,” or master
contour models, whence various stretching and forming dies, trim fix-
tures, drill jigs, and other production tools can be produced. If produc-
tion tools are made from a mock-up which is not precisely co-ordinate
with the assembly tools that fix the contours of the more robust internal
structure, they will fail to some degree in their purpose. It is simply a
matter of “fitting the glove to the hand.”

Previously, many factories have had to utilize mock-ups that were
built upon flimsy bases and under shop conditions that precluded the
employment of precision methods. Although the technique of making
plaster models has progressed considerably in recent years, there are
still only a comparatively few manufacturers who can say that they
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have solved the problem of co-ordination between external contour and
internal structure. But that is mainly because the master tooling dock
has not, at this writing, been universally utilized.

Exceedingly accurate and coc-ordinate contour models have been
produced in the master tooling dock by the following method:

(1) A rough steel skeleton of the mock-up is moved into the dock
and positioned the same as a rough jig or fixture frame.

(2) Contour templates are placed on the skeleton the same as locat-
ing elements are positioned on a jig or fixture.

(3) The structure is covered with reinforcing mesh and faired in
with hard gypsum or a similar material.

' B o

Each template thus used should be cut to the mold line of the body,
and its edges should be suitably beveled. The fairing of the mock-up may
be accomplished outside of the dock; but, if the lines layout is complex,
it is generally advisable to accomplish this work in the dock, using the

Fic. 94. Mock-up Skeleton with Contour Templates.
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i 5. Completed Mock-up.

straightedges thereof to guide the “mouse” during the scribing opera-
tions.

Fig. 94 shows an airplane nose mock-up skeleton with contour tem-
plates that were positioned in the master tooling dock. Fig. 95 shows
the same mock-up after it has been covered with reinforcing mesh and
faired in with hard gypsum.

Lines Scribing and Jig Boring

Although it was designed for three-dimensional positioning opera-
tions, the master tooling dock can also be used in connection with work
that is essentially two-dimensional—for example, lines scribing and jig
boring.

Lines scribing is important in factories where tooling docks are
installed, because the grid lines which enable engineers to fair a stream-
lined body should be exactly the same as the grid lines established by
the dock. It is accomplished simply by using the straightedges of the
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dock to guide the scriber, which places grid lines on the various layout
boards or plates.

The master tooling dock becomes analogous to a jig borer when its
verticals are dispensed with, and a transverse straightedge is used to
locate stations on the lower longitudinal straightedges. As indicated in
Fig. 96, the second dimension is established by a fitting on the trans-
verse straightedge. The work is supported in a horizontal position
beneath the transverse straightedge, and the drilling or boring is accom-
plished by inserting the cutting unit of a table drill or boring head
through a drill bushing in the second-dimensional fitting.

I, 96, Tooling Dock Fqguipped for Jig Boring.,

As a jig borer, the master tooling dock is not as fast as the tools
ordinarily utilized in mass production; but, in view of its universal
applications, it is far less expensive—especially when employed in con-
nection with temporary setups. It will also handle much larger layouts
than will a conventional jig borer.

Designing Tools for the Master Tooling Dock

The three most important considerations in designing tools for
master tooling dock setups are:

(1) The jig or fixture structure need not have machined surfaces
from which the toolmaker may work in establishing the positions of his
locators, because the locators are securely held in the dock clear of the
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rough structure. The securing of the locator to the rough structure is
simply a uniting operation, and the manner in which this is accom-
plished may be at the discretion of the tool designer.

* (2) The tool designer should at all times remember that the dimen-
sional controls which establish the positions of the locators on his tool
are produced by master layouts and basic engineering dimensions; and
that such arbitrary dimensions as he establishes on the tool should be
primarily related to the tool structure, all other dimensions being merely
noted for reference purposes. Also, the tool designer should call out
the templates essential to the construction of his tool and note these on
the tool-design drawing.

(3) The tool designer should show the essential framework of each
assembly in phantom, and relate the axis of each tool structure to the
basic reference lines, so that the structure may be correctly positioned
in the master tooling dock during setup operations.

Further, it has been found advantageous to prepare with each tool
design a sketch showing how each tool should be set up in the master
tooling dock. On such a sketch, the correlation between the basic grid
lines of the dock and the basic grid lines of the assembly should be
developed.

It is optional with the tool designer as to whether he locates his com-
ponents by nesting to contour blocks or by assembling on tool holes;
either way, the tool hole serves to position the locator. If the com-
ponents are nested to contour blocks, the tool hole acts simply as a
construction hole during dock setup operations.

Use of the Master Tooling Dock

As explained in Chapter 2, the advent of the master tooling dock
makes it possible to apply mass-production principles to the business of
tool fabrication, because the flow of tools through a dock is akin to the
flow of parts on a mechanized assembly line. Accordingly, the old method
of assigning separate men to the responsibility of constructing given
tools from start to finish has given way to the system of utilizing groups
of specialists.

This practice in turn makes it possible to schedule the various
processes of tool fabrication, so that an entire manufacturing program
can be carried out with precise timing—thus reducing costs to a
minimum. The co-ordination of tool-fabrication activities can be effec-
tively administered by the production control group that orders mate-
rials, procures essential drawings, and does other related jobs.
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In one large factory, over-all tooling efficiency has been so increased
by a master tooling dock unit that the “loading plan board” shown in
Fig. 97 can now be utilized. On this board the planned sequence of tools
scheduled to go through the dock is shown to provide 4 visible reference

for group leaders, enabling them to program the priority of their work
with timely co-ordination.

The Tooling Ways

The tooling ways is a special version of the master tooling dock,
designed to facilitate small-scale positioning operations on an econom-
ical basis. Its physical characteristics are indicated in Fig. 98.

Like the master tooling dock, the tooling ways reproduces or repre-
sents the lines of a grid plane system, so that points in space can be
located in conformity with a master loft or body plan by positioning a
series of straightedge members with proper relationship to one another.
There are two fixed longitudinal straightedges to represent length
dimensions or station lines; two vertical straightedges to represent
height dimensions or water lines; and one transverse straightedge to
represent width dimensions or buttock lines.

The longitudinal straightedges are held in a fixed horizontal position
above the surface of the floor by means of a steel supporting structure,
which is fastened to the floor with bolts, and micrometric adjusting
screws make it possible to align these members in true parallel rela-
tionship. Each vertical straightedge comprises one side of an angle
block, which may be moved to any desired position on either longitudi-
nal straightedge. The transverse straightedge is an individual member,
which may be positioned at any height on the vertical straightedges.

Except for the verticals, the straightedges of the tooling ways are
exactly the same as the straightedges of a tooling dock. In point of fact,
a tooling-ways installation can be readily made into a tooling dock,
simply by placing a suitable foundation beneath its supporting struc-
ture and adding a superstructure which will make it possible to utilize
the previously described vertical and upper longitudinal straight-
edges.

Because it is susceptible to deflection due to changes in the position
of the floor, the tooling ways will not retain its fixed straightedge align-
ment so long as will a master tooling dock. However, it costs less than
half as much as even a very small tooling dock. Although its dimensions
are limited, it could be used to accomplish virtually all of the assembly
tooling for streamlined structures such as those of light airplanes and
automobiles. Fig. 99 compares the dimensions of a tooling-ways installa-
tion with the dimensions of a small helicopter.
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maximum height, 5 117;

imate dimensions of tooling ways: maximum length, 60°;

Fia. 98. Tooling Ways. (Approx

distance between longitudinal straightedges, 9" 17.)
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Both strip and index templates can be used in connection with the
tooling ways. However, the latter are not preferable because the limited
height of the vertical straightedges makes it impractical to utilize two
transverse straightedges. Therefore, the best method for positioning jig
or fixture locators in the tooling ways is that which necessitates the use
of dummy fittings for the establishment of the third dimension. Fig.
100 shows how the locators for a picture-frame fixture may be thus
positioned.

Because it is more essentially a two-dimensional structure, the tooling
ways makes a better universal jig borer than a master tooling dock. It
could also be used in constructing very small contour models.



CHAPTER 7

.CONSTRUCTION OF JIGS AND FIXTURES

Materials

SINCE IT is cheap and easy to work with, wood was probably the
first material to be used in constructing jigs and fixtures. However,
wood is now considered unsuitable for most precision tooling purposes
because its strength properties are inadequate and because it will not
retain close dimensions in the presence of varying atmospheric condi-
tions. Therefore, with but a few exceptions which will be discussed later,
modern jigs and fixtures are made of metals.

The most frequently used metals are iron and steel, although light-
weight metals such as aluminum and magnesium are preferable for
many types of work. ,

Generally speaking, tooling metals should have the following physical
characteristics:

(1) Good formability.

(2) Good strength properties.

(3) Ability to retain close dimensions.
(4) Resistance to handling impacts,
(5) Salvageability.

Iron and Steel

The basic commercial form of iron is known as pig iron. It is pro-
duced by removing undesirable elements from iron ore in a blast
furnace, and contains about 93 per cent pure iron along with varying
percentages of carbon, silicon, phosphorus, sulfur, and other elements.
It is classified in accordance with the method by which it is manufac-
tured, its intended use, or its composition. The methods of manufacture
produce coke pig iron, which is smelted with coke and a hot blast;
charcoal pig iron, which is smelted with charcoal and either a hot or a
cold blast; and anthracite pig iron, which is smelted with anthracite
coal mixed with coke and a hot blast. According to usage, it is Bessemer
pig iron, if it is used for the Bessemer and acid open-hearth processes

1o
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of making steel; basic pig irom, if it is used in connection with a basic
process; malleable pig iron, if it is used in making malleable cast-iron
castings; foundry pig iron, if it is used for foundry work; and forge pig
iron, if it is inferior stock which can be used for puddling and certain
types of foundry work. The compositional classifications are in con-
formity with the varied chemical formulas for the material.

Iron which contains 1.7 to 6 per cent carbon is generally classified
as cast iron. Since it is never more than a slightly refined version of pig
iron it is very cheap, and for this reason is widely used in modern
factories. It can be readily cast into numerous intricate shapes and
machined to extremely close dimensions. However, because it is gen-
erally brittle and subject to breakage, it should never be used in fabri-
cating jigs or fixtures which must withstand extensive handling. Table 1
lists the chemical composition and physical properties of some of the
types of cast iron in common use.

Wrought iron is produced by refining pig iron in a puddling furnace.
This iron is an excellent material for the fabrication of jig or fixture
structural members, has tensile strengths in excess of 40,000 pounds per
square inch, and is ideal for forging or welding. But it is not now gen-
erally used, because the mild forms of commercial steel have similar
physical properties and are much less expensive.

The term steel is applied to many mixtures which differ from one
another in chemical and physical properties, although the most impor-
tant ingredients in each are carbon and iron. The general steel classifi-
cations are:

(1) Bessemer steel is made by blowing cold air under high pressure
and in small streams through molten pig iron. This reduces the silicon,
manganese, and carbon contents of the iron. The chemical reaction
from oxygen in the air increases the temperature of the molten metal
and forms the chief fuel as carbon is oxidized and eliminated.

TasLe 1. Average Physical Properties and Chemical Compositions of Cast Iron

Pereentages of alloying elements

(Asterisk indicates element is optional.) Physical propertices
Type of T .
cast iron Maximum
) . tensile Modulus of
C Si Mn P S Ni Cr Mo \Y strength clasticity

(Ib./sq. in.) (tension)

370 1.75]1 050 0.40| 0.10 — — -— 0.15* 16,000 12,000,000

2,251 1.8510.50| 035 0.10 — — - — K 16,000,000

... 3.0 1251060 0.20 0.10| 2.75| 0.80 — — 35,000 20,000,000

High-test.......| 2.75 [ 2.25 |1 0.65 | 0.15 | 0.10 0.75* 0.30* 0.50% — 45,000 22,000,000

Malleable. ... .. 1.5 0.9 0.3 0.2 0.10 — — -- — 54,000 25,000,000
Key: C, carbon; Si, silicon; Mn, manganese; P, phosphorus; S, sulfur; Ni, nickel; Cr, chromium; Mo, molybdenum;

V, vanadium,
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(2) Crucible or tool steel is made by refining iron scrap, blister steel,
or wrought iron. The metal is melted in a graphite crucible, then alloy-
ing elements and suitable fluxes are added. This removes all undesirable
elements and leaves a highly refined alloy which is cast into ingots.

(3) Electric steel is made in an electric furnace. It is a high-strength
steel of extremely uniform quality.

(4) Open-hearth steel is made by melting pig iron, iron scrap, or
steel scrap in a regenerative furnace. While the mixture is boiling, pure
lump iron ore is added until the carbon is reduced to a low value.

The physical properties of a steel depend largely upon its alloying
elements, most common of which are:

(1) Carbon is used in varying percentages to produce different
results. Steels which contain less than 0.33 per cent carbon are easy to
weld and difficult to harden, whereas steels which contain more than
0.75 per cent carbon are difficult to weld and easy to harden.

(2) Chromium is used to increase resistance to corrosion and heat.

(3) Cobait is used to increase strength and corrosion resistance.
Because it is rather expensive, cobalt is most generally used in making
superhigh-speed or magnetic steels.

(4) Copper is used in small percentages to increase resistance to
wear.

(5) Lead is used to improve machinability and to refine grain.

(6) Manganese is used as a “deoxidizing agent” to reduce brittle-
ness caused by the presence of sulfur. Steels with more than 12 per cent
manganese become nonmagnetic.

(7) Molybdenum is used to reduce brittleness and increase strength.
It is frequently found in combinations of chromium, nickel, and vana-
dium.

(8) Nickel is used to increase resistance to corrosion and wear. In
quantities of 1 to 5 per cent, nickel dissolves ferrite and strengthens
steel by refining its grain.

(9) Nitrogen is used to promote ductility and refine the grain of
high-chromium steels.

(10) Phosphorus is sometimes used with copper to increase the cor-
rosion resistance of a steel. A high-phosphorus content will increase
the fluidity of molten steel, but causes the hardened metal to become
excessively brittle.

(11) Silicon is used in amounts of 0.75 to 2.5 per cent to increase
strength. More than 2.5 per cent silicon enhances the corrosion resist-
ance of a steel, but causes extreme brittleness. Less than 0.75 per cent
silicon is considered an impurity.
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(12) Swulfur may be used in quantities of not more than 0.25 per cent
to increase machinability. Larger percentages are never desirable.

(13) Titanium and columbium are used to prevent air hardening in
intermediate steels which contain chromium.

(14) Twungsten is used to increase the hardness and strength of high-
speed steels. ‘

(15) Vanadium is used in small percentages with other alloying
elements to refine grain and increase toughness.

The Society of Automotive Engineers has probably the most prac-
tical group of specifications for general-purpose steels, and a numerical-
index system makes it possible to identify the specified metals on shop
drawings. The first figure in the system denotes the class to which the
steel belongs; the second figure usually indicates the approximate per
cent of the predominant alloying element; and the last two or three
numerals indicate the average carbon content in “points,” or hundredths
of one per cent. The basic numerals have the following significance:

Type of Steel Numerals
Carbon steels:

Plain carbon .......................... 10XX

Free cutting (screw stock) .............. 11XX
Manganese steels ......................... 13XX
Nickel steels:

3.50% nickel ........... i, 23XX

5.00% nickel ........ ..o 25XX
Nickel-chromium steels:

1.25% ni, 0.60% Cr. ..ovvvnvvnennennnnn. 31XX

1.75% ni, 1.00% Cr. ... ooveeieeaeeien 32XX

3.50% ni, 1.50% cr. ... .oiiiii i 33XX

Corrosion- and heat-resistant ............. 30XX
Molybdenum steels:

Carbon molybdenum .................... 40XX

Chromium molybdenum ................. 41XX

Chromium-nickel-molybdenum ........... 43XX

Nickel molybdenum, 1.75% ni. ........... 46XX

Nickel molybdenum, 3.50% ni. ........... 48XX
Chromium steels:

Low chromium ........................ 51XX

Medium chromium ..................... 52XXX

Corrosion- and heat-resistant ............ S1XXX
Chromium-vanadium steels (1% chromium).. 61XX
Silicon-manganese steels (2% silicon) ....... 92XX

Accordingly, “2340” denotes a nickel steel containing approximately
3 per cent nickel and 0.40 per cent carbon. It has occasionally been
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found necessary to vary this system in order to avoid confusion, but
to date the variations have been confined largely to the corrosion- and
heat-resistant steel numerals, as indicated above.

The type of iron or steel used in constructing a jig or fixture depends
primarily upon such considerations as costs, methods to be used in
fabricating or assembling the tool, and the loads which the finished
structure will be required to support. From a strict cost standpoint, a
cast-iron structure may seem to be preferable, but when fabrication and
production problems are taken into consideration, wrought-iron and
low-carbon steels are often found to be best.

Table 2 compares the average strengths of the most commonly used
types of iron and steel.

Aluminum and Magnesium

The weight of a jig or fixture becomes an important item when it is
found that the time and effort involved in handling the tool may
seriously affect the cost of a fabrication or assembly operation. When-
ever a low-weight structure is required, aluminum and magnesium
alloys may be advantageously used, even though the initial cost of either
is normally higher than the initial costs of iron and steel. This can be
readily understood when it is realized that aluminum and magnesium
have respective weights of only 159.7 and 108.6 pounds per cubic foot,
whereas cast iron and steel have respective weights of 449.2 and 486.7
pounds per cubic foot.

In its pure form, aluminum is a very soft and malleable metal of low
strength and very little practical value; when alloyed with other mate-
rials, however, it can remain light and yet develop strengths which make
it comparable to certain types of steel. The most common aluminum-
alloying elements are copper, magnesium, silicon, chromium, zinc, iron,
and manganese. As 4 rule, two or more of these elements are found in
each aluminum alloy.

The most widely used method of designating aluminum alloys is to
assign a number to the chemical composition and then add letters to
denote the different conditions in which the alloy is used. Table 3 gives
the symbol numbers and compositions of commercial aluminum alloys
produced by the Aluminum Company of America (ALCOA). Letters
that may also be used in connection with these symbol numbers have
the following significance:

S—a wrought product. This includes all forms except castings (as
56S, a soft wrought alloy, not heat treated).
O—fully annealed, the softest condition.
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TaBLE 2. Average Strengths of Iron and Steel Materials

Ultimate strength in

pounds per square inch Yield point| Modulus of |Elongation
Material in pounds | elasticity in two
Compres- per in tension inches
Tension sion Shear |square inch (per cent)
Soft cast iron..... 16,000 80,000 17,000 — 12,000,000 —
Medium castiron.| 22,000 | 100,000 24,000 — 16,000,000 —
Hard cast iron®..| 35,000 150,000 38,000 — 20,000,000 —
High-test cast
iron® ......... 45,000 | 200,000 50,000 — — —
Malleable casting.| 54,000 —_ 48,000 36,000 | 25,000,000 18
Steel casting®..... 70,000 70,000 60,000 40,000 | 30,000,000 25
Carbon steeld. ... . 56,000 56,000 42,000 28,000 | 29,000,000 30

Cold-worked®...| 75,000 75,000 55,000 38,000 | 30,000,000 —
Casehardened!..| 80,000 80,000 60,000 50,000 | 30,000,000 20

Hard-drawn®...| 120,000 120,000 90,000 90,000 | 30,000,000 15
Machinery steel® . | 60,000 60,000 45,000 40,000 | 30,000,000 —_
Nickel steell. ... . 130,000 | 130,000 98,000 100,000 | 30,000,000 18

SAE 2330......[ 145,000 145,000 110,000 120,000 | 30,000,000 18

SAE 2340......| 165,000 165,000 125,000 150,000 | 30,000,000 12
Nickel-chromium! | 125,000 125,000 95,000 95,000 | 30,000,000 18

SAE 3130......| 150,000 | 150,000 | 110,000 | 125,000 | 30,000,000 15

SAE 3140......| 175,000 175,000 130,000 150,000 | 30,000,000 —_

SAE 3230......| 180,000 180,000 135,000 150,000 30,000,000 15

SAE 3240..... .| 200,000 | 200,000 150,000 180,000 | 30,000,030 15

SAE 3250..... .| 220,000 220,000 165,000 200,000 30,000,000 12
Rivet steel.......| 57,000 | 57,000 | 44,000 | 36,000 | 29,000 000 —
Stainlesssteels. .. | 225,000 | 225,000 —_ 185,000 —_ 9
Structural steel.. .| 60,000 60,000 45,000 30,000 | 29,000,000 22
Wrought iron. . ..| 48,000 | 46,000 | 40,000 | 25,000 | 27,000,000 —

* Compressive strengths of “white” and “high-test” irons may range from 175,000 to
250,000 pounds per square inch.

® Tensile strengths of “high-test” irons may range from 40,000 to 70,000 pounds per
square inch; sometimes even higher.

¢ Heat-treated alloy steel castings may have tensile strengths of as much as 200,000
pounds per square inch.

9 This is soft, open-hearth, annealed steel.

¢ The yield point may range up to 60,000 pounds per square inch, according to the
amount of cold-working.

fThese data are for SAE 1020 steel, casehardened and water-quenched and drawn
to 400°F.

® This is SAE 1045 steel, hardened in water and drawn to 800°F.

hSome “machinery” steels have tensile strengths of as much as 100,000 pounds per
square inch.

! This is SAE 2320 steel. The strength data for all of the nickel steels listed are based
upon a drawing temperature of 800°F. and oil-quenching.
3 This is SAE 3120 steel. The nickel-chromium steels listed are drawn to 800°F.
% The strength data here are for a stainless steel drawn to 390°F.
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TaBLE 3. Commercial Aluminum Alloys

Composition (7)
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H—fully work-hardened, usually accomplished by rolling or bend-
ing. The symbols 14 H, ¥4H, and so forth designate conditions
of relative hardness caused by limited work-hardening.

W—a condition caused by quenching after heat treatment, but
before age hardening.

T—a fully heat-treated condition, produced by aging after quench-
ing.

RT—an extremely hard condition, caused by heat treating, aging,
and cold rolling.

Aluminum alloys are available in the form of rods, bars, sheet, tubing,
foil, rivets, wire, forgings, billets and extrusions. Considerable care
must be exercised in welding these materials because they will melt
without changing color as does iron or steel; but they can be cast or
formed by virtually all common shop methods without great difficulty.
Their tensile strengths range to more than 87,000 pounds per square
inch. '

As an element, magnesium is considerably stronger and lighter than
aluminum; but since it is not naturally fire and corrosion resistant, it is
used also as an alloy. The most common magnesium-alloying elements

Tasre 4. Commercial Magnesium Alloys

Composition (%)

Dow S e - -

symbols

symbols Al Mn Cd Zn Cu Si
A 8.0 0.15 — — — -
B 12.0 0.10 — — — —
F 4.0 0.20 — — — —
G 10.0 0.10 — e — —_
H 6.0 0.15 — 3.0 — —
] 6.9 0.15 — 0.7 — —
K 10.0 0.10 — — — 0.75
M — 1.50 — — — —
o 8.5 0.15 — 0.5 — —
E 6.0 0.30 — - —_ —
L 2.5 0.20 — — — —
P 10.0 0.10 — 2.0 — —
T 2.0 0.20 2.0 — 4.0 —_
X 3.0 0.20 — 3.0 — —
EX 6.5 0.20 — — — 0.20
R 9.0 0.13 — 0.6 — —

Key: A), aluminum; Mn, manganese; Cd, cadmium; Zn, zinc; Cu, copper; Si, silicon.
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are aluminum, manganese, cadmium, zinc, copper, and silicon. Table 4
gives the compositions of commercial magnesium alloys manufactured
by The Dow Chemical Company.

Magnesium alloys are available in the form of rods, extrusions, sheet,
castings, and forgings. Some of these have a tendency to burn when
subjected to high temperatures, while others will crack when cold-
formed; but, generally speaking, they can be fabricated by machining,
forming, welding, cutting, or casting. Their tensile strengths range to
more than 35,000 pounds per square inch.

Light-weight-metal jigs or fixtures are particularly desirable when it
is necessary to machine bulky objects, such as automobile crankcases
and cylinder blocks, where extreme weight would make it difficult to
load or unload the tools with maximum speed and efficiency. However,
the following precautions should be observed in designing and fabricat-
ing such tools:

(1) If steel parts (such as inserts and bushings) must be used in
contact with the light-metal parts of the tool, the dissimilar metals
should be insulated to prevent corrosion. The insulation can usually be
accomplished simply by dipping the steel part in zinc chromate imme-
diately prior to making the necessary installation.

(2) If the tool must withstand considerable handling, its corners and
edges should be suitably reinforced to prevent chipping or breakage.
Iron or steel parts may be used as reinforcing members.

Methods of Construction

Not many years ago, a large percentage of metal jig and fixture
structures were fabricated by casting; and this method may still be
used advantageously when it is necessary to reproduce accurate con-
tours (for example, as in making certain types of locating fixtures) or
to make numerous replicas of any given tool structure. But owing to
comparatively recent developments with welding, most tool engineers
now prefer built-up structures.

A built-up structure can be generally defined as any physical unit
which is made by assembling two or more members. It cannot be con-
structed with the accuracy of a cast structure; but since it does not
necessitate the preliminary fabrication of a model and a mold, it can be
manufactured with far greater speed and economy.

The basic structure of the average jig or fixture does not have to be
extremely accurate, because its only function is to provide a rigid
support for a series of locating elements. The accuracy of the locating
elements may be attained by machining given surfaces or members of
the structure.
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Built-up structures normally comprise standard sections of material
—such as round oil-well casing, pipe, round and square steel tubing,
square and rectangular box sections, and structural steel shapes. Some
of these are shown in Fig. 10i. If they are properly analyzed and
stressed, most built-up structures can be constructed from any one of
several types of sections, cost and availability being the main con-
siderations.

Because it is extremely economical, arc welding is the preferred
method of uniting the members of an iron or steel structure. Gas weld-

Velds
m
N
N N
N N
N 3
N 3
S
Oil-well Casing Square Tubing Box Sections
or Pipe
3
N
5
2-Section Hat Section T-Section
IF1c. 101, Standard Sections of Materials.

ing is generally used in building up aluminum and magnesium struc-
tures because it can be most easily applied where low melting tempera-
tures are required.

Welding Problems

Welding presents a number of specialized manufacturing problems.
If these problems are taken into consideration from the start, no par-
ticular difficulties should be encountered.

First of all, the tool designer should make sure that his intentions
will not be misunderstood in the shop. To avoid any misinterpretation,
he may find it necessary to prepare a special sketch showing precisely
how the welding is to be done. Besides listing the sizes of material to
be used, this sketch should indicate the amount or size of each welding
fillet or bead.

The parts required to construct the desired jig or fixture may be cut
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from stock sections with a saw or an oxyacetylene cutting torch, which-
ever is most convenient, and all necessary holes should be made in the
parts prior to assembly.

When the parts are ready for welding, they may be appropriately
assembled with clamps. Then the assembly should be securely tack-
welded, so that the clamps can be removed and a finished job of welding
can be accomplished.

As a rule, the cutting or welding of metal parts will cause strains in
the members of a structure. If these strains are well distributed and
cause little deformation, they may be ignored. Slight deformations can
ordinarily be eliminated by machining the ends of the members or by
peening the welding beads with a roundnose set in a rivet gun. In all
cases, strains can be removed by annealing or normalizing the jig or
fixture structure.

Iron or steel structures should be sandblasted after welding or
annealing, so that loose particles or scale will be removed and the metal
surfaces will be ready for painting. Aluminum and magnesium struc-
tures are prepared for painting by cleaning with a wire brush and
anodizing.

Frequently it is a good idea to spray-paint a jig or fixture structure
immediately after welding and annealing, even though certain parts of
the tool may still require machining. The object of this is to prevent
corrosion. If machining is required after the initial painting, a second
coat of paint should be applied before the tool is put into use.

Welded jigs or fixtures are not always as easy to salvage as cast-tool
structures, but they can be more readily altered to conform with vary-
ing engineering requirements. For example, changes can be made on the
ends of clamps by welding on or cutting off certain pieces—thus elim-
inating the time-consuming milling operations that would be required
in making similar changes in cast structures.

Measuring and Checking

Where the previously described master tools are not utilized, built-up
jig or fixture structures may be measured and checked by the following
methods:

(1) Direct measurements.
(2) Use of a surveyor’s transit or level.
(3) Use of an alignment telescope and collimator.

Direct measurements are made by means of instruments such as
rules, micrometers, height gages, and protractors. Where tolerances are
large, such instruments may be entirely adequate for the dimensioning
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F16. 103. Surveyor’s Transit.

and checking of a jig or fixture structure; but when small tolerances
are required, they are at best slow and tedious.

Electrical instruments produce the most accurate direct measure-
ments. For example, the electronic leveling apparatus shown in Fig.
102 has been used to level the longitudinal straightedges of a master
tooling dock to a tolerance of +-0.001 inch. However, equipment of this
type is suitable for checking only one dimension at a time.

Surveyors’ transits or levels, such as the instrument shown in Fig. 103,
have been frequently used in aligning strands of piano wire (much the
same as the straightedges of a master tooling dock are aligned) in order
to establish three-dimensional locations for assembly jigs or fixtures.

Adjustment Knob
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Fi1a. 104. Telescope.
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Spirit Level

Collimator Graticule-
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Condensing Lens Displacement Graticule

Fic. 105. Collimator.

But this method is slow and suitable only for the dimensioning of tools
which do not have to produce interchangeable parts, because the thick-
ness of the piano wire alone necessitates a considerable tolerance—
even at close ranges, where the human eye can be relied upon to align
the cross hairs of the transit telescope properly.

The fastest and most accurate optical method of setting up or check-
ing assembly jigs or fixtures is the telescope-and-collimator system,
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which was developed in England. The object of the method is to estab-
lish an optical datum line by mounting the telescope and collimator
on gaging pieces at opposite ends or sides of a jig or fixture.

As shown in Fig. 104, the telescope essentially comprises an ordinary
lens system enclosed by a steel tube which is substantially made and
hardened so that it may be clamped safely in suitable supports without
marring, distortion, or misalignment. It also has a graticule, which is
simply a pair of cross hairs on glass with their point of intersection
centered on the axis of the telescope. Focusing the telescope is accom-
plished by moving the central lens by means of a knob on the outside
portion of the tube. When the knob is rotated clockwise to its stop, the
telescope is focused on infinity and may be thus used for measuring
angular displacement. The eyepiece is adjustable to suit the sight of the
user in focusing on the cross hairs of the telescope.

The collimator, as indicated in Fig. 105, has a small electric-light
bulb mounted in its afterend. In front of this is a condensing lens and a
collimator graticule, as illustrated in Fig. 106. The collimator graticule
is situated in the focal plane of the front lens, so that light will leave
the lens in a parallel beam. At this point, the light is “collimated” and
the collimator graticule is at infinity as far as focusing by the telescope
is concerned. The scales on the collimator graticule measure tilt in
seconds and minutes of arc, and each small division represents a tilt of
30 seconds of arc (although accurate estimations can be made to one
fifth of a division, or six seconds). The maximum measurable tilt is 30
minutes, but an image can be picked up at an inclination of two degrees.
Lateral displacement is measured by the displacement graticule in front
of the foremost lens; and, as indicated in Fig. 107, this graticule has
double cross hairs at its center and six scales surrounding the cross
hairs. The latter scales are of varying fineness, the smallest divisions
representing 0.01 inch, and they may be used in making readings that
are accurate within 0.005 inch in a distance of 20 feet (or 0.02 inch in
80 feet).

The collimator and the telescope are mounted opposite one another
on gaging pieces, or “‘optical references” (as they are known), so that
the instruments will be correctly related. The designs of the optical
references vary in accordance with the nature of the unit upon which
each is mounted, but all of them must be so extremely accurate that
(during manufacture) their final adjustments are made in a tempera-
ture-controlled room. For example, the brackets which carry the
telescope and collimator have a maximum allowable misalignment of
0.0005 inch in a length of two feet.

When it has been properly mounted (so that the first dimension in
space is established), the collimator is adjusted so that its cross hairs
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will be perfectly horizontal and vertical by means of its external spirit
level; then the telescope eyepiece is focused on the cross hairs of the
telescope and the second instrument is set at infinity to focus on the
collimator graticule. If the angular displacement is not too great for
measurement, an image of the collimator graticule will appear so that
the degree of tilt can be determined. The telescope can then be adjusted
and focused so that lateral displacement can be read on the displace-
ment graticule.

The image shown in Fig. 108 is formed at an angle with the horizon-
tal when the telescope is focused on the collimator graticule. Therefore,

Graticule Collimator Telescope Graticule
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y tage Angle of Lateral
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i Angle of Lateral Disp! t
Light Beam Displacement isplacemen

Fig. 108. Schematic “Tilt” Diagram.
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it is projected from the graticule to an off-center position within the
telescope, giving a tilt measurement. Fig. 109 shows how the tilt ap-
pears from the eyepiece of the telescope. In this particular example, the
tilt amounts to nine minutes in each direction; and in all cases it is
proportional to the angle shown between the instruments in Fig. 108.
It is independent of the lateral displacement between the axes; but the
tilt reading cannot be obtained if the lateral displacement is so great
that the beam of light from the collimator fails to enter the tele-
scope.

When the telescope is focused on the displacement graticule of the
collimator, the extended optical axis of the telescope usually strikes the
graticule at another off-center point, as indicated in Fig. 110. Accord-
ingly, displacement may be directly read through the telescope. Fig. 111

Collimator Graticule

Telescope Graticule

L34

Collimator Light Beam

Fie. 110. Schematic “Displacement” Diagram.



CONSTRUCTION OF JIGS AND FIXTURES 127

shows how the displacement would appear if it were 0.18 inch horizon-
tally and 0.175 inch vertically.

After the displacement adjustments have been made to the telescope,
the second dimension in space is established and a sighting target
should be used in place of the collimator so that intermediate points or
third-dimensional locations can be established.

Fig. 112 shows a sighting target which has been of particular value in
setting up assembly jigs or fixtures. It is a simple cursor or runner
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Fig. 111. Observed “Displacement.”

mechanism with a vernier gage, and it is attached to a standard metal
scale which is graduated in 0.020-inch divisions. Since the vernier is in
20 divisions, the consequent readings are accurate to 0.001 inch. A hair-
line is scribed exactly across the center of the plate on both the face
and the back, and point 0 on the vernier scale is aligned with this scribe
line.

Because it can be set up at intermediate points and can be accurately
aligned, the leveling target can establish third-dimensional locations
the same as a master tooling dock. However, since both instruments are



128 JIGS AND FIXTURES

Fic. 112. Sighting Target.

dependent upon manual adjustments and optical alignment, the points
thus established cannot be duplicated with extreme precision unless
they are used in constructing masters.

All telescope-and-collimator measurements should be made in still
air, because drafts or convection currents will cause unsteady images
and impair the accuracy of the readings.
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Component Gages

When a large number of jig or fixture parts with identical contours
or dimensions are required, it is sometimes desirable to fabricate and
utilize component gages. These are essentially the same as tool masters,
except for the fact that they cannot be used to check an entire tool.

Before the jig or fixture is constructed, component gages can be used
to determine whether parts of the tool have been properly fabricated.
Then, after the parts have been assembled, they can be used to find out
whether damage has been caused by handling.

Reference Points

If the accuracy of a jig or fixture is dependent upon the locations of
key reference points, suitable reference lines may be scribed on the tool
structure to facilitate checking. Masking tape can be used to protect the
lines when they are not needed for checking purposes.

Another method of establishing reference points is to locate a leveling
pad near each tool support. If all of the pads are machined to the same
height, the jig or fixture can then be checked simply by placing a target
on each pad in succession and leveling with a transit.



CHAPTER 8

PNEUMATIC AND HYDRAULIC
MECHANISMS

Pneumatic Mechanisms

PNEUMATIC MECHANISMS make it possible to power jigs and
fixtures with compressed air. Where mass-production requirements
make pneumatic mechanisms economically desirable, they sometimes
have many advantages over units which must be manipulated manually.
For example, when used in connection with trunnion and indexing
mechanisms, they may enable workmen to move tool members whose
size or weight would make manual rotation difficult if not impossible.
Further, when incorporated in holding or clamping mechanisms, they
minimize general handling time by enabling operators to locate, clamp,
and eject work merely by moving valve levers.

Some of the simpler pneumatic mechanisms are only slightly more
expensive than the screws, clamps, and eccentrics which would ordi-
narily hold work in a jig or fixture. As a rule, the costs of handling must
be balanced against the costs of tools in order to determine whether
such mechanis<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>