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Part1 Foundation of mechanics

Unit 1 Dimensional tolerances and surface roughness

Text

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
equipments@.

To assure sound and economical design from a producibility standpoint, careful consideration
of the f“ollowing 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 contemplated.

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
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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. Th1s is done to assure the advantages of lowest poss1ble 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 engmeer Knowledge of such facts as degree of reughness ebtained by any operation, and
the economics of attalmng a smoother surface with each operatlon will aid him in deciding just
which surface roughness to specify. _

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

| 0.2um 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 bearing, for cam faces,
and for roils of antifriction bearings when loads are normal.

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

0.81um The finish is normally found on parts subject to stress concentrations and vibrations,
for broached holes, gear teeth, and other precision machined parts.

1.61um 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. 21um 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 ijectionable, and can be used on non-critical
component surface, and for mounting surfaces for brackets, etc. 7

New Words

locating  n. TfFEAL, A packing  n. FHE, FEHF
accuracy . ¥EHE, MERARE journal — n. B, BRI
paramount adj. R AEEN : bracket  n. B, Hi&
sealing n. EH, #% | piston n JEE
interchangeability — n. A&, H#t *finish v. #6, BX

Phrases & Expressions

" dimensional tolerances R~} AE economic manufacturing ¥4 7=
surface roughness 7% [ AH K& & producibility standpoint A 4= 7= B A1
production cost £ starting point & &
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shaft bearing ik play an important role in  fE+++- PHEEE

antifriction bearing ¥R HI& . A
bearing surface AL, X#MH be commensurate with AHFF, FHE
practical limits SR PR ) surface finishes RN LT/A8N
stress concentration [ 15+ start with  LA------JF 4R

Notes

® Designing for function, interchangeability, quality, aﬁd economy requires a careful study
of tolerances, surface finishes, processes, materials, and equipments.

TheE. H#ME. MBMSFENRTHERNAE. REGEE. T2, Mgkt
T4 5. Designing for function, interchangeability, quality, and economy 344 | 4HiE1E
“require” FIXE, “a careful study of” Xt.... HEfTF4IEH5 .

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

KEEMRTAZEBRAYRRERE LM T B EEZE/EM. on finish and
dimensions fEE#E, 154 “Tolerances”, “play an important role in” EEE/EH.

® 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.

iR BTN ZHFAREURAN L ZR BREN A SRR, HTEEF. X
BALFUE A I T EE — 18 2 R BE G 4% DA Re & 82 i T N Y IE By B A
7, “that” 5|2 FEMA), it AR FEE. which 5| FREREEENR, B precision.
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RIEERBFS CRAEREAZTE, XEEZN L ABRTEMNETELSHONE. TR
RARUKEHEA RS — A QR GBS K8 MIGHE O, WEFREHY
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5HE 1 ERHEAAN R UK EEANGB—TAEBR.

FIBIEE (English for Science and Technology) & IEiEH—FiEHE, FEHIL. BE. B
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