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1. Introduction to tolerances 
 

  What are the products’ tolerances? 

  The Importance of Tolerance, Interchangeability 

  Case review  
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What are the products’ tolerances? 
 

Tolerance is the acceptable range for a physical dimension, which is 

determined by the product designer based on the shape, fit and function 

of a part [1]. 

 

Tolerance limits - specified values of the characteristic giving upper 

and/or lower bounds of the permissible value. 

 

Tolerance interval - variable values of the size between and including 

the tolerance limits. 

 

Tolerance class - shall be designated by the combination of an upper-

case letter(s) for holes and lowercase letters for shafts identifying the 

fundamental deviation and by the number representing the standard 

tolerance grade. Ex. H6 (holes), h6 (shafts).  
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Product tolerance  

 
 The tolerance is an absolute 

quantity without sign.  

 The lower the tolerance of the 

feature is, the bigger its prescribed 

precision will be! 

 

The precision of a feature is a term 

representing the consistency level 

between a feature that is at a certain 

development stage and its nominal or 

standard feature [1]. 
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International Tolerance grades  
 

The general applications of International Tolerance (IT) grades [2]:  
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The Importance of Tolerance, Interchangeability 

 

Interchangeable components are components  

that are for identical purposes.   

 

The advantages of interchangeable manufacturing include the following [3]: 

 It makes possible the standardization of products and methods of 

manufacturing. 

 It provides for ease of assembly and maintenance of products. 

 It allows mass production of products thus making it possible to take 

advantage of economics of scale in terms of manufacturing costs and cost of 

raw materials etc. 

 Because of larger volume of production, specialized processes and 

machines can be employed thus reducing manufacturing time and cost per 

piece. 

 Mass production enables the manufacturing setups to acquire a certain 

degree of specialization and skill of fabrication which again leads to better 

quality and lower costs. 
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Case review  
 

The tolerance (TF) of a feature  is the difference 

between the upper limit of the feature (Fmax) and lower 

limit of the feature (Fmin). 

 

TF = Fmax – Fmin 

dmax = 10 mm 

dmin = 9.95 mm 

TF = dmax – dmin 

TF = 10 mm – 9.95 mm 

TF = 0.05 mm 
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2. Dimensional tolerances 

 
 Definition 

 Symbology 

 Hole Basis Tolerance System 

      or Shaft Basis Tolerance System 

 Application 
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According to the standard SR EN ISO 286-

1: 2010/AC2013 

 

Nominal size - size of a feature of perfect 

form as defined by the drawing 

specification. 

Actual size - size of the associated integral 

feature. 

Limits of size - extreme permissible sizes 

of a feature of size. 

 Upper limit of size - largest permissible 

size of a feature of size. 

 Lower limit of size - smallest 

permissible size of a feature of size. 

Definitions 

1 tolerance interval 

2 sign convention for deviations 
a Nominal size. 
b Upper limit of size. 
c Lower limit of size. 
d Upper limit deviation. 
e Lower limit deviation. 
f Tolerance. 
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Symbology 
 

A feature of size may be toleranced by using the ISO code 
system defined   of ISO 286 or by using + and − tolerancing 
according to ISO 14405-1.  

Both indications are equivalent [2].   
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Hole: internal feature of size of a 

workpiece, including internal 

features of size which are not 

cylindrical [2]  

Shaft: external feature of size of a 

workpiece, including external 

features of size which are not 

cylindrical [2].  

Fit: relationship between an 

external feature of size and an 

internal feature of size (the hole 

and shaft of the same type) which 

are to be assembled [2]  

Hole and Shaft Basis Tolerance System 

1 tolerance interval of the hole  

2 tolerance interval of the shaft, case 1: when the upper limit of size of the shaft 

is lower than the lower limit of size of the hole, the minimum clearance is larger 

than zero  

3 tolerance interval of the shaft, case 2: when the upper limit of size of the shaft 

is identical to the lower limit of size of the hole, the minimum clearance is zero  

a Minimum clearance.  

b Maximum clearance.  

c Nominal size = lower limit of size of the hole.  

 Illustration of definitions of a clearance fit (nominal model) [2] 
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 Illustration of definitions of an interference fit (nominal model) [2]  

1 tolerance interval of the hole  

2 tolerance interval of the shaft, case 1: when the lower limit of size of the shaft is identical to the upper limit of size of 

the hole, the minimum interference is zero  

3 tolerance interval of the shaft, case 2: when the lower limit of size of the shaft is larger than the upper limit of size of 

the hole, the minimum interference is larger than zero  

a Maximum interference. 

b Minimum interference.  

c Nominal size = lower limit of size of the hole.   
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Illustration of definitions of a transition fit (nominal model) [2] 

1 tolerance interval of the hole  

2-4 tolerance interval of the shaft (some possible placements are shown)  

a Maximum clearance.  

b Maximum interference.  

c Nominal size = lower limit of size of the hole.  
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Hole-basis fit system [2] 

1 basic hole “H”  

2 tolerance interval of the basic hole  

3 tolerance interval of the different shafts 

a Nominal size.  



T
o
le

ra
n
c
e
s
 
 UPenAUTO 

UPenAUTO : 2017-1-ES01-KA203-03858 

Shaft-basis fit system [2]  

1 basic shaft “h”  

2 tolerance interval of the basic shaft  

3 tolerance interval of the different holes 

a Nominal size. 
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Schematic representation of the placement of the tolerance 

interval (fundamental deviation) relative to the nominal size [2] 

EI, ES fundamental deviations of holes (examples) 

a Nominal size. 
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Schematic representation of the placement of the tolerance 

interval (fundamental deviation) relative to the nominal size [2] 

ei, es fundamental deviations of shafts (examples)  

a Nominal size. 
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Selection of tolerance classes [2] 

 Holes  

Shafts 
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Application [2] 
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Application [2] 
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3. Surface roughness 

 

 Definition 

 Symbology 

 Application 

 Examples surface roughness 
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 The state of surfaces is defined by two aspects:  

- The geometric state/condition, characterized by the 
geometrical deviation.  

- The physic-chemical state/condition, defined by the 
physic-chemical characteristics. 
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Roughness is defined as the group of 
surface irregularities that have a 
relatively small space/step an that, 
normally comprise irregularities resulted 
from the manufacturing process and/or 
determined by other factors [1]. 

 

Roughness profile – the profile derived 
from the primary profile by suppressing 
the longwave components [1].  

 

  

Definition of surface roughness 
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Profile parameters, according to 
ISO 4287 

 P-profile (structural 
parameters).  

 W-profile (waviness 
parameters).  

 R-profile (roughness 
parameters).  

 

Roughness profile  
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Roughness parameters 
 

According to ISO  4287:1997 

Ra – arithmetical mean roughness value: The arithmetical mean of the 

absolute values of the profile deviations (Z i) from the mean line of the roughness 

profile. 

Rz – maximum height of profile: Average value of the five Rz values. 

Rz1max – maximum height of profile: Greatest Rz value from the five 

sampling lengths lr. 

Rt – total height of profile: Rt is the distance between the highest peak and the 

deepest valley of the profile of the total evaluation length ln. 
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Roughness parameters 
 

According to ISO  4287:1997 

RSm -  is the arithmetic mean value of the width of the roughness profile 

elements within the sampling length and requires the definition of height 

discriminations (c1, c2) matching the function of the surface.   
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Roughness parameters 
 

According to ISO  4287:1997 

RPc – standardized number of peaks: it corresponds to the number of 

local peaks, which successively exceed an upper section line c1 and a 

lower section line c2. The number of peaks is related to a length of 10 

mm irrespective of the evaluation length selected. 
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Roughness parameters 
 

According to ISO  4287:1997 

Rmr(c) – material ratio of the profile. Rmr indicates what ratio the 

totalled length in the material has assumed relative to the evaluation 

length (in %). The comparison is made in the specified section height c 

and the total evaluation length ln. The material ratio curve indicates the 

material ratio as a function of the section height. 
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Basic graphical symbol 
 

According to ISO 1302:2002  

 

 

a Single surface texture requirement  in μm 

b Two or more surface texture requirements 

(surface parameter in μm) 

c  Manufacturing method  

d  Surface lay and orientation  

e Machining allowance in mm 
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Indication of 

surface lay  

 

According to 

ISO 1302:2002  
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Application [4] 
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Examples surface roughness [5] 
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Examples surface roughness [5] 
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Case studies 
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4. Geometrical tolerances 

 

 Definition 

 Symbology 

 Application 

 Case studies 
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Definitions 
The relative position of surfaces is a geometric 
constrictive characteristic that entails three main 
categories of conditions/clauses determined by 
the geometric tolerance associated to them [1]: 

ISO defines Geometric Dimensioning and 
Tolerancing, GD&T as “geometrical product 
specifications (GPS)—Geometrical tolerancing—
Tolerancing of form, orientation, location and 
run-out.” 

Geometric Dimensioning and Tolerancing, is a 
system for defining and communicating design 
intent and engineering tolerances that helps 
engineers and manufacturers optimally control 
variations in manufacturing processes.   
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 Datum definition   
A datum is defined as follows in the   ISO 5459：2011   

``One or more situation features of one or more features associated with 

one or more real integral features selected to define the location or 

orientation, or both, of a tolerance zone or an ideal feature representing for 

instance a virtual condition.” 

 

Types of Datums [7] 

- Datum Feature. A real (non-ideal) integral feature of a target used for 

establishing a datum (e.g. surface of a part or hole). 

- Simulated Datum Feature. An actual surface with sufficiently precise 

shape that comes into contact with a datum feature and is used for 

establishing a datum (e.g. surface plate, bearing, and mandrel). 

- Datum System. A group of datums created by combining more than 

one individual datum in order to use it as a reference for toleranced 

features. 

 
Datum System 
A group of datums created by combining more than one individual datum in order to use it as a reference for toleranced features. 
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Maximum Material Condition (MMC) and Least Material Condition (LMC) 

 

Maximum material condition (MMC) is used to indicate tolerance for 

mating parts such as a shaft and its housing.  

Least material condition (LMC) is used to indicate the strength of holes 

near edges as well as the thickness of pipes [7]. 

 

Maximum Material Condition (MMC)- is that condition of a part 

feature wherein it contains the maximum amount of material within the 

stated limits of size. That is: minimum hole size and maximum shaft 

size. 

Least Material Condition (LMC) - implies that condition of a part 

feature of size wherein it contains the least (minimum) amount of 

material, examples, largest hole size and smallest shaft size. It is 

opposite to maximum material condition. 
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Geometric Characteristic (GD&T) Symbols: 

 

The symbols that are used to specify the type of geometric control. 
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Geometric Characteristic (GD&T) Symbols: 

 

The symbols that are used to specify the type of geometric control. 
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Geometric Characteristic (GD&T) Symbols: 
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Geometric Characteristic (GD&T) Symbols: 
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Applications [7] 

 
 

If a tolerance frame is connected to the size 

indicating the diameter of a cylinder, the axis 

of that cylinder must be within a cylinder with 

a diameter of 0.1 mm.  

This surface must be between two parallel 

planes separated by only 0.3 mm. 

The outer circumference of any cross-section of 

a shaft cut perpendicularly should be between 

two concentric circles just 0.1 mm apart on the 

same plane. 

The target plane must be between two 

coaxial cylinders just 0.1 mm apart. 
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Applications [7] 

 
 

The plane indicated by the indication arrow must be 

within a cylinder perpendicular to datum plane A 

and with a diameter of 0.03 mm. 

The plane indicated by the indication arrow must be theoretically exactly 

angled by 45 degrees to the datum plane A and between two parallel 

planes only 0.3 mm apart in the direction of the indication arrows. 

The plane indicated by the indication arrow must be parallel to 

datum plane A and be between two planes only 0.05 mm apart in 

the direction of the indication arrows. 



T
o
le

ra
n
c
e
s
 
 UPenAUTO 

UPenAUTO : 2017-1-ES01-KA203-03858 

Applications [7] 

 
 

The axis of the cylinder indicated by the indication 

arrow must be within a cylinder with datum axis line 

A as the axis and a diameter of 0.03 mm.. 

The axis of the cylinder indicated by the indication arrow 

must be within a cylinder with datum axis line A as the 

axis and a diameter of 0.05 mm.. 

The plane indicated by the indication arrow must be parallel to 

datum plane A and be between two planes only 0.05 mm apart in 

the direction of the indication arrows. 

The center plane indicated by the indication arrow 

must be between two parallel planes symmetrical to 

the datum center plane A and separated from each 

other by 0.05 mm. 
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Applications [7] 

 
 

The total run-out of the cylindrical surface in the 

radial direction, indicated by the indication arrow, 

must not surpass 0.03 mm at any point on the 

cylindrical surface when the cylinder part is rotated 

on the datum axis line. 

The run-out of the cylindrical surface in the radial 

direction, indicated by the indication arrow, must not 

surpass 0.03 mm on any measurement plane 

perpendicular to the datum axis line when the target 

is rotated once on the datum axis line.. 
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