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Abstract

This book is to meet the requirements of bilingual teaching and English teaching for foreign students of the
course “interchangeability and technology measurement”,

Contents include the basic terms and definitions, indication on drawing and application of limits and fits,
geometrical tolerance, surface roughness. Also include rolling bearing, key and spline, screw thread, gear and
other typical link together and selection, dimension chain and measuring technology foundation and inspection
of plain workpiece dimension,etc,

In this book, the basic knowledge of geometric tolerance and measurement technology are systematically
introduced, and the concept explain clearly, the difficulty contents are analyzed deeply. Appropriate amount
questions and exercises are given after the chapter to deepen our understanding of the content and application of
knowledge.

This book can be used as textbook or teaching reference book for bilingual teaching or English teaching
which major is mechanical engineering or instrumentation in college, also as learning reference book to study
fundamental of geometric tolerance and measurement technology for engineering and technical personnel whose

major is mechanical design, manufacturing technology, standardization and metrology.
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Foreword

The Interchangeability and Measurement technology is an important fundamental course
to the students majored in mechanics, aircraft manufacturing and instrument engineering.
The purpose of publishing this book is to meet the needs of bilingual education for Chinese
students, more importantly, to meet the needs of international students education for foreign
students studying in China.

This book is intended to introduce the national and international standardization and to
harmonize the practices and methodology with the universal standards trend toward more ef-
ficient worldwide technical communication. Coordinating and integrating these techniques in-
to and via computer graphics and other electronic data systems for design, manufacture, ver-
ification, and similar processes is also a prime objective.

This book may serve as an introduction to geometrical dimensioning and tolerance for
students, and may also help practitioners in the fields of design, manufacturing and inspec-
tion. This book provides an instructional framework with which to expand graphics concepts
into advanced undergraduate or graduate courses. It focus on variation enhances a student’s
ability to create an interpretable and producible product definition.

The book is composed of eleven majorchapters. They are: Introduction, Limits and fits,
Fundamentals of Geometrical Quantity Measurement, Geometrical Tolerance, Surface
roughness. Measurement of Plain Workpieces, Tolerances and fits of rolling bearings, Tol-
erances and measurement of cylinder screw, Tolerances and fits of Keys and Spline, Accura-
cy Design of Cylindrical Involute Gear, and Dimension chain. For individuals with adequate
knowledge of both geometric dimension and tolerancing and measurement, many of the chap-
ters can be read separately.

The chief editor of this book is by Zhang Yanfu and Fu Qiuya, and vice editor is Wang
Achun and Cong Jiahui. Chapter 1 is written by Shan Baofeng who worked in Shenyang Aer-
ospace University, Chapter 2 is written by Zhang Yanfu and Liu Ping who worked in Sheny-
ang Aerospace University, Chapter 3 and Chapter 6 is written by Fu Qiuya who worked in
Jiangxi University of Science and Technology, Chapter 4 is written by Zhang Yanfu who
worked in Shenyang Aerospace University,Chapter 5 and Chapter 7 is written by Cong Jiahui
who worked in Shenyang Aerospace University, Chpater 8 is written by Ma Ning who
worked in Shenyang Aerospace University, Chpater 9 and Chapter 10 is written by Wang
Achun who worked in Shenyang Aerospace University, and Chpater 11 is written by Wang
Xia who worked in Shenyang Aerospace University. This book is reversed by Xu Wenji pro-
fessor who worked in Dalian University of Technology and Cao Guogiang professor who
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worked in Shenyang Aerospace University.

This book has proudly acquired special financial support from the Textbook Publishing
Fund of Shenyang Aerospace University. We gratefully announce our sincerely acknowledge-
ments,

Due to the limitation of our knowledge, there must be mistakes and errors in this book.
Please oblige me with your valuable comments.

E-mail: zhyfln@163. com

Editors

2015.9



Contents

Chapter 1 Introduction -1
1.1 Interchangeability -1
1.1.1 Interchangeability and its advantages - -1
1.2 Standardization 3
1.2.1 Standard and standardization - 3
1.2.2 Related standards on geometrical interchangeability «=++-eseeeeeeeceneens - 4
1.3 Series of Preferred Values - 5
1.4 What We Can Learn from This Course - 7
Questions « 7
Excercise - 8
Chapter 2 Limits and Fits of Plain Workpiece - 9
9 7 Bhasic Teims gnd Deliittibns e e e v LN e T by Lircrm vy wee "D
2.1.1 Terms and definitions about geometrical features «=+--+- <9
2.1.2 Shaft and hole - 11
2.1.3 Terms and definitions about size, deviation, tolerance - s 12
2.1.4 Terms and definitions about fits - 16
9 Bt et ST aiid D IE et ot omrgves 3 o SR SRS o o SHRRF S waswownon sy [0
2.2.1 Fit system s-+esssssenssreorsesssressnsssernonsossersaessnsss . 22
2.2.2 Symbols, designation and indication on engineering drawings -+ e 23
9.9 8 Beandard (OlETance SEEIEs: v woswes eomey vaasmy s Vs sH o sssed sesman s o os e 25
9. 2.4 Series of Tundamental deviation «+ e vessvssnsssisisssiivessasssnissios sesins sovivos sonioss , I
2.2.5 Standardization of tolerance classes and fits - 37
2.3 Selection of Limits and Fits =+ 39
2.3.1 Selection of basic system of fit <+ 39
2.3.2 Selection of standard tolerance grades - 41
28 % Solenticin oF S s ieven. v s da s TS eSS ST SR A aees sy sor 41
2.3.4 Calculation method - 49
2.4 General Dimension Tolerance =+ +=eseeeeees. e 49
2.4.1 General tolerances of linear sizes -+ 49
2.4.2 Indication of general tolerance on drawing - 50
2.4.3 General tolerance grades and values «++«scssessessesssessinnninuisineineinsnisneens 51
Questions - 52



Fundamental of Geometric Tolerance and Measurement Technology

BRarrisas owerlolnit s TR A s selsssiveauisisee TSIy TN} e s sv-amman Bwmarenlind o okl B0
Chapter 3 Fundamentals of Geometrical Quantity Measurement -+« ---«-c«sseeeeereeeeaneaniann. 54
3.1 Introduction - 54
3.1.1 Concept of measurement and inspection - 54
3.1.2 Measuring processing - 55
3.2 Measurement Standard/Datum/Data and Dissemination of Length and Angle -+ 55
3.2.1 Standard of length and angle ««-+=seseereemsererermmenimimirieiineee e eeeaes 55
3.2.2 Dissemination system of length and angle - 57
3.2.3 Gauge blocks and their applications «+«s«s+++sssesesssrssssursasstrsssuensssvenssnnes 58
3.3 Metrological Equipment and Measurement Methods - - 63
3.3.1 Metrological equipment - 63
3 8.9 Weasurement methods svssss sassss sve s csanas sieins i sasas susows speoss ssawes vonses sssoeness GB
3 4 'Measurement Ertor anid Data Treattient 5 s sesesnsssss avsmissnmsvs sesnssvssanaiss G0
3.4.1 Designation of MeaSUTEMENt EITOr =+« «+++ss+essssrreersrneresnsuressresnssasnnnaesnnnens 70
3. A D SR O HCASTUTCTIEIE BEFOT e eessie Soress 555 S S aa8 Soeri s SHEE8 Srwnon awsoun ssssoenaal ]
3.4.3 Kinds and properties of MeasSUrement error «+«««««ssesseseevrssreveeseeeenuainees 73
3.4.4 Measurement accuracy/precision - 76
Questions e 77
Exetoiges, seossisssnssusnssssssmss sasmms wemeg svasss sveass.s .77
Chapter 4 Geometrical Tolerances - 78
4,1 General - 78
4.1.1 Cause of geometrical error and effects on performance - - 78
1.1.2 ‘Basic terms and definitions s seess ssamesssaoms swsemses s5ewms saswessenson sosss . 78
4.1.3 Symbols and characteristics of geometrical tolerances - 79
A Tk T TEca ] 0l CTatier: BOTIR <5 s s oo e neniss o s Eirias, Faoie oS KomTamie SoaTa® 5 5 . 81
4.2 Indication of Geometrical Tolerance on Engineer Drawings - 82
4.2.1 Tolerance frame e 82
4. 2.2 Indication of datum on engineering drawings - 84
4.2.3 Indication of toleranced features - 86
4,2.4 Theoretical exact dimension (TED) «erereececeeieaeanenns - 87
4.3 Definition of Geometrical Tolerances - 90
4,3.1 Definition and characteristics of form tolerances -:-- - 90
4, 3.2 Definition and characteristics of orientation tolerances + 93
4. 3.3 Definition and characteristics of location tolerance «=««=«sseeerreseierniiicaiiins 98
4. 3.4 Definition and characteristics of run-out tolerance - 103
4,4 Tolerance Principles - 106
4,4,1 Terms and definition about tolerance principle «e=:eesrseeesiiiiiiinn. 107

e 2 e



Contents

4.4.2 Independency principle - 110
4.4.3 Envelope requirement (ER) «sceossecsssseoosssssseassscosasescsoncasenncnsnsnsasanses 111
4.4.4 Maximum material requirement (MMR) «+++c+essereeeseesmeesniensrenunennianneaenns 112
4,5 Assessment and Measurement of Geometrical Deviations + 115
4.5.1 Assessment of geometrical deviation - 115
4.5.2 Establishment and embodiment of datum - 119
4.5.3 Measuring prescriptions of geometrical deviations - 120
4.6 Selection of Geometrical Tolerance «=-«-s--eveeee - 123
4.6.1 General e 123
4.6.2 Selection Of datimm ree-«svesrerveeerersssseresrarresonssessenessvnsessssssssessroseesseses 193
4.6.3 Selection of geometrical principle - 123
4.6.4 Selection of geometrical tolerance value «+:«=++etsssseramsersansienunernneeeniennnes 124
4.7 General Geometrical Tolerances - 129
4.7.1 General geometrical tolerances grades - 129
4.7.2 Indication of general geometrical tolerance - 133
Questions - 134
Chapter 5 Surface Roughness - 135
5.1 Introduction « 135
5.9 Basic Teriiis anid Delitiitions, e seees samss s 5o s 55006 somivn aesions enaions annans s504ss ivoasecve |36
5.3 Main Evaluation Parameters of Surface Roughness - 137
5.3.1 Amptitude parameters (peak and vallye) - 137
5.3.2 Spacing Parameters <+ 139
5.3.3 Curves and relative parameters - 140
5.4 Principles for Selecting Surface Roughness Parameters - 140
5.5 Graphical Symbols and Notation ««-+e=eee- - 141
5.6 Indications of Surface Texture Requirements on Engineering Drawing ««:++-+++++ 143
5.7 Measurement Techniques crseeeessereseeessessnremuuisseistrianeosesssesiessstssssesneseenss 145
5.7.1 Method of comparing with standard sample - 145
5.7.2  Light section method «=s+ssesssesessresssaressiosaersssisenioessssnsessnessensnseces 145
5.7.3 Interferometric method «e-eeceeeeereareeraieeanne, - 146
5.7.4 Stylus inStIUMENts s+s+srseeerssesarssreossnssensterstessssssssrsnstossssssnernessnessses 146
5.7.5 Optical instruments - 147
Exercises -+ 148
Chapter 6 Measurement of Plain Workpieces ««-««-«-: s esersursumsnmmsiueianiinniieinees 149
6.1 Basic Concepts - 149
6.1.1 Workpiece inspection principles, safety margins and acceptance limits «+++:- 149
6.1.2 Selection of measurement tools - 152



Fundamental of Geometric Tolerance and Measurement Technology

6.2 Plain Limit Gauges « 153
6.2.1 Functions and kinds of plain limit gauges -« «=+seseseseesseeismnrmiiniiini 153
6.2.2 Design principle of plain limit gauges = «++«++essesseseesuuensiaeesieeiuiennnenns 155
6.2.3 Tolerance of the plain limit gauge - 156
6.2.4 Design steps and calculationof the limits size + 159

Questions e 162

Exercises - 162

Chapter 7 Tolerances and Fits of Rolling Bearing - 163

7.1 General - 163

7.2 Introduction of Rolling Bearings «-«++«s«sssssserssurssresomiuneaniniseneiesineisnnenenes 163
7.2.1 Construction and classification of rolling bearing «+-«-reeeereeeeenemeeiniiaiies 163
7.2.2 Analysis of working performance of rolling bearings -+ 165
7.2.3 Internal clearance of rolling bearings «r=ceereecererreiiini. -+ 166
7.2.4 Tolerance grades of rolling bearings and applications - 166
7.2.5 Tolerance zone of rolling bearings - 167

7.3 Selection of Tolerance and Rolling Bearings Fits «:----- - 168
7.3.1 Selection of Rolling Bearing Fits «+++e-eeeesesereessosiesniimiuniiiiniinnne 168
7.3.2 Geometrical tolerance requirements for shafts and holes fitted with rolling

bearings - 172

7.3.3 Surface roughness requirements of shafts and holes fitted with rolling bearings

- 173

Exercises - 174
Chapter 8 Tolerances and Measurement of Cylinder Screw « 175

8.1 Introduction - 175
8.1.1 Classification and requirements of thread - 175
8.1.2 Basic common thread tooth type and geometrical parameters «=+«=+«sseeeeeseeceenees 175

8.2 Influence of Thread Geometrical Deviation on Thread Interchangeability «+«-++:- 178
8.2.1 Influence of pitch diameter deviation AD,,, Ad;, on thread interchangeability

- 178
8.2.2 Influence of pitch deviation on screw thread interchangeability - - 179

8.2.3 Influence of thread half angle deviation A 3

8.2.4 Calculation of virtual pitch diameter
8.2.5 Conditions to guarantee the screw thread interchangeability
8.3 General Purpose Screw Threads-tolerance Zones for Screw Thread
8.3.1 Tolerance grades
o« 4 »

o on screw thread interchangeability

- 180
- 181
- 181
- 181
- 181



Contents

8.3.2 Fundamental deviation (tolerance posSitions) «esesseesrersesuriiiniiiirainiien.
8.3.3 Length of thread engagement

8.3.4 Thread selection, tolerance zone and fits

8.3.5 Thread marking «--ese sovssssesoosoconssronnss suvoss sosnns

8.3.6 Inspection of screw thread

Questions

Exercises
Chapter 9 Tolerances and Fits of Keys and Splines  «+++-eecseeseecesunesiiinsiniinnciinennnnns 191

9.1 Tolerances and Fits of Rectangular Keys Connection e:csceeeereeescneienneeneeee 9]
9.1.1 Introduction of rectangular keys connection structure «:--s=s=sseeeeereneeneees 19]
9.1.2 Tolerance and fits of the rectangular key connection «=+++ssrereeeneaiianian 191

9.2 Tolerances and Fits of Straight-sided Spline Connection ses«ss essereeeeriireneiinen 194
9.2.1 Introduction of spline connection structure reseecessereeeeieaniiinie. 194
9.2.2 DeSignation ++eessseess sosons sonses vonuns ssnses sansns sonsos esasioss sssasssaassssssenansesss 195
9.2.3 Tolerances and fits of straight-sided spline connections =:=++«ssteseeeeeaiaens 195

UVEBEIONE. o svmss Suaies Ganass biaions Bibiasd pincuns axanes SHobas saikan sankas miwmssansatsammmsanssmsnsnanyese Y

EXErcises me:ssssvs svmsws ovnpes songns sunwes sones saawss saases sneves sassss syusys s nesrssssmevaassasessawes 1009
Chapter 10 Accuracy Design of Cylindrical Involute Gear -«-«+--everereereiiecainaiiiies 201

10,10, Cntierall Sre s aies OTREs SEV S S a0 S S S ST S T mum e BTl en S smsnws: OO
10.2 Evaluation Parameters of Cylindrical Involute Gear «+eeseeseseesmeieiniininnees 203
10.2.1 Definition of evaluation parameters «++--«=ssssesseeeumeessmreraeeensiaesnneannnes 203
10. 2.2 Accuracy grades andindication on drawing of cylindrical involute gears
- 210
10. 2.3 Allowable values of every deviation of cylindrical involute gears ++-++«++=++=+=-+- 210
10.3 Accuracy Design of Cylindrical Involute Gears =+steseererreeimniiineiniiininns 216
10.3.1 Selection of accuracy grade =--sssssssesesssonustssssssannsse sannss srnses sssasesnasenese 216
10.3.2 Selection of evaluation parameters ««+++«++ssssssesssseesesuueanseesseenonsenneennne 216
10.3.3 Detemination of gear backlash «++eeseereessseesniiimsiuiisniniiniieeninenniinnnens 217
10. 3.4 Detemination of gear pair precision «++++ssssssresermenseent i 218
10.3.5 Detemination of gear blank accuracy «-++-««+sessseerrerureersrerneennennennneenns 220
CUUBSHORS  +wsves swnvos vavernsasusesaooss sosass soseer sevaos savavs vesses suvove swovws sovwus v evensesssuve sse I0H

Chapter 11 Dimension Chaim ««« -+« s veeems i s 205

11.1 Basic Concepts and Terms of Dimension Chain sereteererrereriimeiiiiieiiin. 225
11.1.1 Basic concepts and terms B LT LR TLE LT LT TR 31
. LY Veortnool Simenton shalil =omsrrirvernseresmmsemsanmewsmmsmmnemssses Hih

11.1.3 Establishment of dimension chaim se-ssssessssoss sonssncanses sonsasssssonsvsssssssnes 227



Fundamental of Geometric Tolerance and Measurement Technology

11.2 Toletanice Calculations of Size CRAIn ===+« c=sserserevs crasenreonessssose sersan ssnseenenoses SIS
11.2.1 Types of dimension chain calculation - 228
11.2.2 Extreme value method «=+ervereee - 229
11.2.3 Probability method - 231

11.3 Methods to Fulfill Tolerance Stacks of Size Chain «=+sereesreeeesseineniinecines 232
11.3.1 Complete interchange method - 232
11. 3.2 Large number interchange method - 232
13.3.3 Grouping method «t+ss:sssssereemsersiiinuieiiiiuiii e ee s 232

Questions « 232

Exercises + 233

e T 1)



Chapter 1 Introduction

1.1 Interchangeability

The performance and cost of production is always considered by engineers (designer,
manufacturer and inspector), however, usually the performance is higher, and the cost is
higher. And at same performance, the cost is higher, and then the competitiveness in market
is lower. How to ensure a production with high performance and low cost is key problem for

engineers, one answer is to design a mechanical component with interchangeability.
1.1.1 Interchangeability and its advantages

During daily life, there are a lot of devices with interchangeability. Such as when a bulb
is fail, to buy a new one and replace the old one, then the light can be continue serve for us;
a component is fail in bicycle or watch, to buy a same specification and to replace it, the
bicycle and watch can be used again.

In the mechanical engineering, there are more devices with interchangeability. Shown in
Fig.1 -1, the nuts, bolts and rolling bearing are all manufactured and assembly according to

interchangeability principle.

Fig.1-1 Examples of Interchangeability

1. Definition

Interchangeability is the ability of one product, process or service to be used in place of
another to fulfill the same requirements. In the mechanical manufacturing, interchangeability
refers to fabricate workpiece respectively according to specified tolerances of geometric,

physical, and mechanical performance parameters, and then during assembly and repairing

01.



@ Fundamental of Geometric Tolerance and Measurement Technology

one such workpiece can freely replace another, without further machine or custom fitting
(such as filing).

The interchangeability of one workpiece has two aspects, one is functional
interchangeability and another is dimensional interchangeability. The mechanical parameters
(such as strength, stiffness and hardness) and physical parameters (such as voltage, rotate
speed, lighting) belongs to functional interchangeability. The geometrical parameters (such
as size, form and surface texture) belong to dimensional interchangeability. Dimensional
interchangeability is concerned with geometrical properties. In this book, only the
dimensional interchangeability are discussed.

The geometrical properties are defined as deviations from geometrical ideal elements
(usually called features in the documents related to geometrical production specifications) of
the workpieces (machine elements). Geometrical ideal elements are parts of the entire
workpiece surface, which have geometrical, unique and nominal form as e. g. planes,
cylinders, spheres, cones and tori. They can also be derived as, for example, axes, section

lines, generator lines of highest points and edges.
2. Advantages of a part with interchangeability

This interchangeability allows easy assembly of new devices, and easier repair of
existing devices, while minimizing both the time and skill required of the person doing the
assembly or repair. If a machine element with interchangeable, the machine element can be
used as possible as it can, so it is designed as standard workpiece or common workpiece,
then can be manufactured as mush as possible, then the following advantages can be
obtained.

In the design aspect, the drawing and calculation jobs will be decreased, the designing
time is saved and computer aided design can be used.

In the manufacture aspect: large numbers of standard machine elements can be made,
then distributional manufactures can be adopted and automatic manufacture lines can be
used, result to the cost of these standard machine elements is lower.

In the repairing aspect: a machine element can be replaced as quickly as possible when
the machine element is interchangeable, so the repairing time and cost are decreased, whole

machine is efficiency and long life,
3. Classification

According to the interchange extent, interchangeability can be divided into two types, 1. e. ,
complete interchangeability and incomplete interchangeability.

Complete interchangeability: in an assembly, any auxiliary options and repair are not
needed.

Incomplete interchangeability: in an assembly,selection (pre-grouping) before assembly
and adjustment during assembly is permitted.

Incomplete interchangeability is adopted only the assembly precision is very high, and it

« 9 e



Chapter 1 Introduction

is hard to fabricate or very expensive to fabricate, or even not able to fabricate. In this case,
the tolerance of workpieces is specified big value during machining these workpieces, and
after fabricated, the workpieces are grouped according to the actual size through measure. So
the difference of the workpieces actual size is very small in same group, then the workpieces
are assembled according to the corresponding group (that is the big holes fit with the big
shafts, and the small holes fit with small holes).

Usually the complete interchangeability is adopted during cooperate between different
factories and incomplete interchangeability is adopted during workpieces are assembled and
machined in same factory.

Reference information about interchangeability :

The beginning o f the nineteenth century , a crude form of the mass-production assembly
techniques was developed by Eli Whitney when he received an order from the U. S.
government for 10 000 rifles, which had to be manu factured in a short period of time. The
components of each rifle were manufacturing separately by dif ferent workers. Each
worker was assigned the task of manufacturing a large number of the same component.
Meanwhile, the dimensions of those components were kept within certain limits, sothat they
could possibly replace each other and their mating counterparts. By doing so, Eli Whitney
established very important concepts., on which modern mass production was based , namely,
interchangeability and fits.

— from Wikipedia item “Interchangeable Part”.

1.2 Standardization

1.2.1 Standard and standardization

Standardization is defined by ISO/IEC Guide 2 as “the development and implementation
of concepts, doctrines, procedures and designs to achieve and maintain the required levels of
compatibility, interchangeability or commonality in the operational, procedural, material,
technical and administrative fields to attain interoperability. ”

Standardization includes all the active process of formulating, publishing and
implementation, and implementation if the key process. Moreover, standardization is an
active process of continuous improvement through revision.

Standardization is one of the important means of modern organization of production, the
premise of professional collaboration of production, and important part of scientific
management.

A standard maybe developed privately or unilaterally, for example by corporation,
regulatory body, military, etc. Standards can also be developed by groups such as trade
union, and trade associations. Standard organizations often have more diverse input and
usually develop voluntary standards: these might become mandatory if adopted by

o
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government, business contract, etc.

The standards adopted in mechanicalindustry mainly are international standard, national
standards (such as GB(National Standards of the People’s Republic of China), DEC, ]IS,
ANSI), local area standards, and industrial standards. All international standards are with
code ISO (International Standard Organization). Chinese standards are with code GB,
Germany standards are with code DEC, Japanese standards are with code JIS, etc.

In order to achieve interchangeability of production, it is necessary to ensure unity in
technology between decentralized local branches of production and production links in
mechanical manufacturing industry. While standardization is the important means to
establish technology unity in modern production. So standardization is the technical basis for

the implementation of the interchangeability of production.

1.2.2 Related standards on geometrical interchangeability

In this book, only geometrical interchangeability is studied. All standards on
geometrical interchangeability are included in GPS (Geometrical Production Specifications)
standard matrix.

GPS is the system used to define the geometrical requirements of workpieces in
engineering specifications, and the requirements for their verification. GPS is also a system
which is used to describe certain work-piece characteristics through some of the different
stages of its life cycle (design, manufacture, inspection, etc).

GPS is concerned with geometrical characteristics such as size, location, orientation,
form, surface texture etc (it is not concerned with other properties such as hardness,
chemical composition, crystal structure,color etc).

For each geometrical characteristic, it is necessary to be able to define a specification for
that characteristic, it is necessary to be able to measure the characteristic, and it is necessary
to be able to compare the measurement with the specification. The GPS standards relating to
these requirements are defined as a series of 7 links in each chain of standards. The 7 links
are: (D Symbols and indications. (@ Tolerance zones and parameters. (@) Feature characteristics.
@ Comparison and compliance. ®Measurement. (§Measurement equipment. (?)Calibration.

Some manufacturing processes, such as casting and welding, have requirements which
are specific to that process. Standards which deal with specific processes are grouped in a
further 7 chains of standards.

Some machine elements, such as screw threads and gears, have requirements which are
specific to those machine elements. Standards which deal with specific machine elements are
grouped in a further 4 chains of standards.

In this book, the fundamental GPS standards and some complementary GPS standards
are introduced. The fundamental GPS standards introduced in this book include Limits and
fits (ISO 286 or GB 1800 series standards) , Geometrical Tolerancing-Tolerances of Form,
Orientation, Location and Runout (ISO 1101 or GB 1182) and Surface texture: Profile
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Chapter 1 Introduction

method-Terms, Definition, and Surface Parameters (ISO 7287 and GB 3505). Some
complementary GPS standards introduced are machine element geometrical tolerance
standard, they are: Rolling bearing-Radial-Tolerance (1SO 492), Shaft and Housing fit
with Rolling Bearing (GB/T 275), General purpose metrical screw thread-Tolerance (1SO
965. 3 and GB 2516) and Cylindrical gear-1SO system of accuracy (ISO 1328 and GB
10095).

1.3 Series of Preferred Values

Whilst it is possible to buy custom passive components with any desired value, standard
parts are manufactured in ranges of preferred values. The reason behind this is that the
manufacture method of many components results in a spread of characteristics and it is
expensive to make/select the accurate values, whilst most components will work adequately
with loose tolerance parts. It makes good economic sense to make and stock only a limited
range of values.

In industrial design, preferred numbers (also called preferred values) are standard
guidelines for choosing exact product dimensions within a given set of constraints. Product
developers must choose numerous lengths, distances, diameters, volumes, and other
characteristic quantities. While all of these choices are constrained by considerations of
functionality, usability, compatibility, safety or cost, there usually remains considerable
leeway in the exact choice for many dimensions.

Preferred numbers serve two purposes:

Using preferred numbers increases the probability of compatibility between objects
designed at different times by different people. In other words, it is one tactic among many
in standardization, whether within a company or within an industry and it is usually desirable
in industrial contexts, The opposite motive can also apply, if it is in a manufacturer’s
financial interest; for example, manufacturers of consumer products often have a financial
interest in lack of compatibility, in planned obsolescence, and in selling name-brand and
model-specific replacement parts.

They are chosen such that when a product is manufactured in many different sizes, these
will end up roughly equally spaced on a logarithmic scale. They therefore help to minimize
the number of different sizes that need to be manufactured or kept in stock.

In the 1870s, a French army officer, Colonel Charles Renard, tried to rationalize the
procurement of ropes for use with military balloons. He derived a preferred number system
(the Renard system) using a geometric progression based on the number 10. The numbers
created from the 5th (10th, 20th, 40th, 80th-«----- ) root of 10, rounded off to one/two
decimal places, created the R5 (R10, R20, R40, R80) series. R5, R10, R20, and R40 are
the basic series, and R80 is the additional series.

Series of preferred values are the decimal geometric series and their common ratio can be
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