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Engineering Drawings and
_Tolerance

Engineering Drawings

The result of a designer's efforts must be translated into a set of instructions to the shop in order
that the part or parts can be fabricated and assembled. Thus, a set of engineering drawings are
prepared showing the sizes, shapes, and dimensions to which parts are to be made. Unfortunately,
many designers consider this phase of engineering design to be trivial. Realistically speaking,
however, it may be of greater importance than the design solution itself.

Consider, for the moment, what an engineering drawing represents. It is a detailed set of
instructions (that is, orders) that tells the machinist, molder, die caster, and so on, to "make this part
in accordance with the information indicated and to the dimensions specified —any unauthorized
deviations or errors made in fabrication are your responsibility.” This statement is, of course,
exaggerated. Nevertheless, it is meant to convey the importance of the complete and proper
dimensioning of engineering drawings —the responsibility for which rests with the designer.
Careless dimensioning can lead to increase production costs and/or outright waste as a result of
errors.

Due to the fact that no part can be manufactured to an "exact" dimension, shop drawings are
prepared in accordance with a system of tolerances and allowances. Many companies, by reason of
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their shop facilities and experience, rely on their own standards for dimensioning drawings. We all
base our discussion on the widely used ANSI (American National Standards Institute) "Preferred
limits and fits for cylindrical parts” (Standard B4.1-1967) published by the American Society of
Mechanical Engineers.

When closer fits than those indicated by the tables are required, the designer may reduce the
tolerance of the mating parts. However, taking such action could result in increased fabrication costs.
In order to avoid any increased cost, the designer would of necessity have to resort to selective
assembly. The idea behind selective assembly is to specify large tolerances for the mating parts, and
then grade them by gaging in small, medium, and large fits. Thus, a small shaft mating with a small
hole, a medium shaft mating with a medium hole, and a large shaft mating with a large hole will all
possess the same fit allowance. One should, nevertheless, keep in mind that the additional cost of
purchasing the gages as well as the labor required for gaging may offset any saving achieved by
selective assembly.

Dimensions

1. Definitions of Dimensioning Terms

For a thorough understanding of fits and tolerances, the following term must be clearly
understood,

Allowance. The allowance is the tightest fit between mating parts. For interference fits, the
allowance is negative.

Nominal Size. The nominal size is the designation used for the purpose of general
identification. For example, a 21/2-in. diameter nominal pipe is actually 2.875 in. in diameter.

Tolerance. A tolerance is the total permissible variation in the size of a part.

Basic Size. The basic size is that size from which limits of size are derived by the application of
allowances and tolerances.

Unilateral Tolerancing. Unilateral tolerancing is a system of dimensioning where the tolerance
(that is, variation) is shown in only one direction from the nominal size. Unilateral tolerancing
allows the changing of tolerance on a hole or shaft without seriously affecting the fit.

Bilateral Tolerancing. Bilateral tolerancing is a system of dimensioning where the tolerance is
split and is shown on either side of the nominal size.

Limit Dimensioning. Limit dimensioning is a system of dimensioning where only the
maximum and minimum dimensions are shown. Thus, the tolerance is the difference between these
two dimensions. Two methods of designating limit dimensions are considered as standard. One
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method is the maximum material method in which the large dimensions is placed above the smaller
dimension for male parts, and the reverse is true for female parts. This method is well suited for
small lot quantities because it is likely that the machinist himself may check the dimensions of the
parts. In so doing, he will be verifying initially the larger dimension of the male part and the smaller
dimension of the female part. The other method is the maximum number method and is preferred by
production and quality control departments. In this method of designating a dimension, the larger
number is always placed above the smaller number, regardless of whether the part is male or female.

Clearance Fit. A clearance fit is one having limits of size so prescribed that a clearance always
results when mating parts are assembled.

Interference Fit. An interference fit is one having limits of size so prescribed that an
interference always results when mating parts are assembled.

Transition Fit. A transition fit is one having limits of size so prescribed that either a clearance
or an interference may result when mating parts are assembled.

Basic Hole System. A basic hole system is a system of fits in which the design size of the hole
is the basic size from which the allowance is subtracted to obtain the diameter of the shaft. The basic
hole is the preferred system because standard drills, reamers, broaches, plug gages, and so on can be
used and shafts can then easily be machined to fits.

Basic Shaft System. A basic shaft system is a system of fits in which the design size of the
shaft is the basic size from which the allowance is added to obtain the diameter of the hole.

2. Classes of Fits

The ANSI Standard B4.1-1967 is widely used for establishing tolerances for various classes of
fits. The letter symbols appearing in this standard represent the following classes: RC (running or
sliding fit), LC (locational clearance fit), LT (transition fit), LN (locational interference fit), and FN
(force or shrink fit).

Running or sliding fits. Running or sliding fits provide a similar running performance with
suitable lubrication allowance throughout the range of sizes. The clearance for the first two classes,
used chiefly as slide fits, increases more slowly with diameter than the other classes, in order that
accurate location is maintained even at the expense of free relative motion. There are nine types of
RC fits which are defined as follows:

® RCl1.Close sliding fits are intended to locate accurately parts that must assemble without

perceptible play.

® RC2. Sliding fits are intended for accurate location, but with greater maximum clearance than

class RC1. Parts made to this fit move and turn easily but are not intended to run freely and,
in the larger sizes, may seize with small temperature changes.
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® RC3. Precision running fits are the closest fits that can be expected to run freely and are
intended for precision work at slow speeds and light journal pressures. However, they are not
suitable where appreciable temperature changes are likely to be encountered.

® RC4. Close running fits are intended chiefly for running fits on accurate machinery with

moderate surface speeds and journal pfessures where accurate location and minimum play is
desired.

® RC5. and RC6. Medium running fits are intended for higher running speeds or heavy journal

pressures or both.

® RC7. Free running fits are intended for use where accuracy is not essential or where large

temperature variations are likely to be encountered, or under both of these conditions.

® RC8 and RC9. Loose running fits are intended for use where materials such as cold-rolled

shafting and tubing made to commercial tolerances are involved.

Location fits. Location fits are intended to determine only the location of the mating parts, they
may provide rigid or accurate location, as with interference fits, or some freedom of location, as with
clearance fits. Accordingly, they are divided into three groups: clearance fits, transition fits, and
interference fits. These fits are more fully described as follows:

® LC. Locational clearance fits are intended for parts that are normally statidna.ry but can be

freely assembled or disassembled. They run from snug fits for parts requiring accuracy of
location, through the medium clearance fits for parts such as spigots, to the looser fastener
fits where freedom of assembly is of prime importance.

® LT. Transition fits are a compromise between clearance and interference fits for application

where accuracy of location is important, but either a small amount of clearance or
interference is permissible.

® LN. Locational interference fits are used where accuracy of location is of prime importance and

for parts requiring an alignment with special requirements for bore pressure. Such fits are not
intended for parts designed to transmit frictional loads from one part to another by virtue of the
tightness of fit, as these conditions are covered by force fits.

Force fits. Force fits" or shrink fits® constitute a special type of interference fits normally
characterized by maintenance of constant bore pressures through the range of sizes. The interference,
therefore, varies almost directly with diameter, and the difference between its minimum and
maximum values is small to maintain the resulting pressures within reasonable limits. There are five
types of force fits, which are described as follows:

® FN1. Light drive fits are those requiting light assembly pressures and produce more or less

permanent assemblies. They are suitable for thin sections or long fits or in cast iron external
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members.

® FN2. Medium drive fits are suitable for ordinary steel parts or for shrink fits on light sections.
They are about the tightest that can be used with high grade, cast iron external members.

® FN3. Heavy drive fits are suitable for heavier steel parts or for shrink fits in medium sections.

® FN4. And FNS5. Force fits are suitable for parts that can be highly stressed or for shrink fits
where the heavy pressing forces are impractical.

Technical words

tolerance ['tolarans] n. NE, FFER, RTRE
dimension [dimen]an] n R~f, RE
allowance ['elauans] n. MIKE, BFRE

Technical phrases

engineering drawing THEHME
force fit EAORE
shrink fit HEERE
running fit /NZI) Ve
clearance fit (B BRAC&
interference fit HEREE
transition fit HERE
nominal size AR
basic hole system EHALH
basic shaft system B )
limit dimensioning B BR R T AR
unilateral tolerance NG PAS S
bilateral tolerance XL 2 2=

Notes

(1) Force Fit: A means for holding mating mechanical parts in fixed position relative to each
other. In a force fit of cylindrical parts, the inner member has a greater diameter than the hole of the
outer member.

FE A B SHAHE A AR B RS & 1R B — Rtk . EREARESE AT, Bl
HEHHER LRSI ZAMERER.

(2) Shrink Fit: A fit has considerable negative allowance so that the diameter of a hole is less
than the diameter of a shaft that is passed through the hole, also called a heavy force fit.

HERS: EHLANAKE (IR WS, IIWERLFLEIL (5HES) K
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Exercises

A. True or false ( point to the following sentences are true or false )

1) A tolerance is the total reliable variation in the size of a part. -« )

2) Medium running fits are intended for higher running speeds or heavy journal stress or both.

( )

3) Light drive fits are those requiting light assembly pressures and produce more or less
permanent assemblies. ( )

4) Heavy drive fits are suitable for heavier steel parts or for shrink fits in middle sections.

( )

B. Answer the following questions

1) What is Basic Hole System?

2) What is Basic Shaft System?

3) What is meaning tolerance?

C. Translate the following passage into Chinese

Two methods of designating limit dimensions are considered as standard. One method is the
maximum material method in which the large dimensions is placed above the smaller dimension for
male parts, and the reverse is true for female parts. This method is well suited for small lot quantities
because it is likely that the machinist himself may check the dimensions of the parts. In so doing, he
will be verifying initially the larger dimension of the male part and the smaller dimension of the
female part. The other method is the maximum number method and is preferred by production and
quality control departments. In this method of designating a dimension, the larger number is always
placed above the smaller number, regardless of whether the part is male or female.

Albert Einstein (I >

Albert Einstein was born into a Jewish family in 1879. His father was a salesman and engineer. As a youngster,
he showed very few signs that he would one day become a scientific genius. He was very slow in learning to talk. He
did so poorly at school that his teachers called him "dull and backward”. But that was one time the teacher was
wrong.

Actually, Einstein was extremely intelligent. By the age of 12 he had taught himself geometry and calculus — two
difficult subjects usually taught in high school and college.

When he was 16 his father urged him to work in the family's electrical factory. But he wanted to continue his
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studies, especially mathematics and physics. He planed to become a physics teacher. He went to Zurich, Switzerland
and enrolled in the Polytechnic Academy. There he made good grades and a teaching certificate.

After graduation, he was unable to find a position as a teacher. He found a few tutoring jobs, but they paid very
little. For months he l;a_d barely enough to eat. Finally, in 1902, he became a clerk at a patent office (%F[/5) .This
was a poorly paid job too, but it was just right for him. He had time to devote to his thought. For the next three years
he spent every free minute working on formulas that would give the world a new mathematical explanation of time
and space. When he was free at the patent office, he bent over his desk, filling notebook after notebook with
equations and figures. In 1905, when he was only 26 years old, he published the theory that made him famous. It was
called "Theory of Relativity”, the most important document in history. His theory answered many questions that
puzzled mathematicians and physicists for years.

Soon the clerk became a world-famous figure. He was invited to give lectures at leading European universities.
Many excellent teaching positions were offered to him. In 1914 he became physics professor at the University of
Berlin, where he stayed for nineteen years. In 1921 he was awarded Nobel Prize for physics.

Suddenly, in1933, his whole life changed. Hilter came into power and they persecuted (181 ) the Jews. Einstein
was quick to speak out gainst Hilter. Hilter took revenge by destroying his house, seizing all his property and offering
a large reward for his arrest. Now the world's most brilliant scientist, honored and admired by millions, was a refugee
without a home.

But then he received an invitation from America. He went to Princeton University. For the next 22 years, he
lived and worked there. He became a familiar figure on the college campus a small man with bushy white hair who
walked from his home to his office every day, no matter what the weather. The famous professor lived a quiet life in
America. In the evenings he enjoyed chatting and playing his violin. He deeply loved America, where he had found
peace and freedom, and in 1940 he became an American citizen.

In 1945 America exploded an atom bomb, which was based on some of his earliest conclusions: matter could be
changed into energy and energy could be changed into matter. Einstein himself wrote a letter to President Roosevelt
because he didn't want his work to lead to destruction and death. He greatly regretted that science had used atomic
energy as a weapon, instead of using it to benefit mankind. He urged all nations to unite in a peaceful world

government to prevent further atomic wars and terrible sufferings.
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What characteristi

A willingnes;; tol

A willingness to ask questions.
A willingness to think t how to learn.
A willingness to a ction.
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Engineering Drawings

Because of the highly competitive nature of most manufacturing businesses, the question of
finding ways to reduce cost is ever present. A good starting point for cost reduction is in the design
of the product. The design engineer should always keep in mind the possible alternatives available to
him in making his design. It is often impossible to determine the best alternatives without a careful
analysis of the probable production cost. Designing for function, interchangeability, quality, and
economy requires a careful study of tolerances, surface finishes, processes, materials, and
equipment.

To assure sound and economical design from a producibility standpoint, careful consideration
of the following general design rules, both separately and together, is of paramount importance. The
order of importance may vary according to design requirements, or factors, but the overall
importance always remains the same.

Seek simplicity. Design for maximum simplicity in functional and physical characteristics.

Determine the best production method. Seek the help of a production engineer to design for
the most economical production methods.

Analyze materials. Select materials that will lend themselves to low-cost production as well as
to design requirements.




Eliminate fixturing and handling problems. Design for ease of locating, setting up, and
holding parts®".

Employ maximum acceptable tolerances and finishes. Specify surface roughness and
accuracy no greater than that which is commensurate with the type of part or mechanism being
designed, and the production method or methods contemplatcd(z).

Tolerances on finish and dimensions play an important role in the final achievement or absence
of practical production design.

A comprehensive study of the principles of interchangeability is essential for a thorough
understanding and full appreciation of low-cost production techniques. Interchangeability is the key
to successful production regardless of quantity. Details of all parts should be surveyed carefully to
assure not only inexpensive processing but also rapid, easy assembly and maintenance. It must be
remembered that each production method has a well-established level of precision which can be
maintained in continuous production without exceeding normal basic cost.

Economic manufacturing does not "just happen". It starts with design and considers practical
limits of machine tools, processes, tolerances, and finishes. Neither dimensional tolerances nor
surface roughness should be specified to limits of accuracy closer than those which the actual
function or design necessitate. This is done to assure the advantages of lowest possible cost and
fastest possible production.

Without needing to know how to operate a particular machine to attain the desired degree of
surface roughness, there are certain aspects of all these methods which should be understood by the
design engineer. Knowledge of such facts as degree of roughness obtained by any operation, and the
economics of attaining a smoother surface with each operation, will aid him in deciding just which
surface roughness to specify.

Because of its simplicity, the arithmetical average R, has been adopted internationally and is
widely used. The applications of surface roughness R, are described in the following paragraphs.

0.2pum. The finish is used for the interior surface of hydraulic struts, for hydraulic cylinders,
pistons and piston rods for O-ring packings, for journals operating in plain bearings, for cam faces,
and for rolls of antifriction bearings when loads are normal.

0.4um. The finish is used for rapidly rotating shaft bearings, for heavily loaded bearings, for
rolls in bearings of ordinary commercial grades, for hydraulic applications, for static sealing rings,
for the bottom of sealing-rings grooves, for journals operating in plain bearings, and for extreme
tension members.

0.8um. The finish is normally found on parts subject to stress concentrations and vibrations, for
broached holes, gear teeth, and other precision machined parts.
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1.6pm. This finish is suitable for ordinary bearings, for ordinary machine parts where fairly
close dimensional tolerances must be held, and for highly stressed parts that are not subject to severe
stress reversals.

3.2pm. The finish should not be used on sliding surfaces, but can be used for rough bearing
surface where loads are light and infrequent, or for moderately stressed machine parts.

6.3um. The appearance of this finish is not objectionable, and can be used on non-critical
component surface, and for mounting surfaces for brackets, etc.

Technical words

locating [lau'’keitin] n. TAHFENL, TRFE
accuracy [‘sekjurasi] n. FEEE, WERRRE
sealing ['sizlin] n. EE, #Hisk
packing ['paekin] n. EHB, E#HH
journal ['d3a:nl] n. 3, WM
bracket ['braekit] n. XRE, BiAKZE
piston [pisten] n HE
commensurate [ka'men| arit] adj. R/, HERE)
Technical phrases
surface roughness R RERE
shaft bearing i 2K
antifriction bearing B A&
bearing surface AR, SO
stress concentration N Lo i
Notes

(1) Eliminate fixturing and handling problems. Design for ease of locating, setting up, and
holding parts.

WHREESRERE. RITAGEM. ZERSABNEH.

(2) Employ maximum acceptable tolerances and finishes. Specify surface roughness and
accuracy no greater than that which is commensurate with the type of part or mechanism being
designed, and the production method or methods contemplated.

KABRKAZEZHAZESREERE . 67 ESHARRIEBENRTREER, ~EXS
H LA B F BV AR I AE = 7 iR B I R R B K




