
TOLERANCING  

(DIMENSIONAL TOLERANCES AND FITS) 

OVERVIEW 

Interchangeable manufacturing requires effective size control by the designer because, in mass production, all parts 

must fit together properly, regardless of where they are made. 

For example, an automobile manufacturer might subcontract parts manufacturing to other companies— both parts for 

new automobiles and replacement parts for repairs. All parts must be enough alike that each can fit properly in any 

assembly. 

The maximum acceptable amount that an actual part feature can vary from a specified dimension is called tolerance. On 

technical drawings, tolerances specify the degree of accuracy required for the provided dimensions. 

 Parts can be made to very precise dimensions, even to thousandths of a millimeter—as in gage blocks—but highly 

accurate parts are extremely expensive to produce and there is still some variation between the exact dimension and 

the actual size of the part. Fortunately, perfectly exact sizes are not needed. The accuracy needed in a part depends on 

its function. 

 One aspect of quality is determined by manufacturing tolerances. Products with small variations in shape may fit 

together more precisely and command higher prices. However, it would not be practical for all products to be 

manufactured to high precision.  

 

 

Tolerancing is an extension of dimensioning. It allows you to specify a range of accuracy for the shape, size, and 

position of every feature of a product, so that the manufactured parts will fit together and function properly when 

assembled. CAD software provide features for dimensioning, tolerancing, and checking fits and interferences that aid 

in the tolerancing process. To effectively provide tolerances in your drawings and CAD models, you must : 

• Understand the fit required between mating parts. 

• Have a clear picture of how inspection measurements are performed. 

• Be able to apply tolerance symbols to a drawing or model. 

• Apply functional tolerancing to individual part features. 

Tolerance 
Tolerance is the total amount a specific dimension is permitted to vary. Tolerances are specified so that any two mating 
parts will fit together. To keep part cost low, specify a tolerance as large as possible that still permits satisfactory 
function of the part.  
 

TOLERANCE TYPES 
 
There are two types of tolerances: 
i)  General Tolerances 
Includes dimensional tolerances and fits 
(Boyut toleransları ve alıştırma toleransları) 
 
ii) Geometric Tolerances 
Includes tolerances of shape/form and location/position 
(Şekil ve konum toleransları 

 
 



TERMS AND DEFINITIONS 
TS 1845:1996, ISO 286-1:1988, BS EN 20286-1:1993   
 
Shaft (Mil) 
A term used, according to convention, to describe an external feature of a workpiece, including features which are not 
cylindrical. 
 
Basic shaft (Esas-Normal Mil) 
Shaft chosen as a basis for a shaft-basis system of fits for the purposes of the ISO system of limits and fits, a shaft the 
upper deviation of which is zero 
 
Hole (Delik) 
A term used, according to convention, to describe an internal feature of a workpiece, including features which are not 
cylindrical  
 
Basic hole (Esas-Normal Delik) 
Hole chosen as a basis for a hole-basis system of fits for the purposes of the ISO system of limits and fits, a hole the 
lower deviation of which is zero 
 
Size (Ölçü) 
A number expressing, in a particular unit, the numerical value of a linear dimension. 
 
Basic Size; Nominal size (Anma Ölçüsü-Nominal Ölçü, AÖ) 
The size from which the limits of size are derived by the application of the upper and lower deviations (see following 
Figures). NOTE: The basic size can be a whole number or a decimal number, e.g. 32; 15; 8,75; 0,5; etc. 
 
Actual size (Gerçek Ölçü, GÖ) 
The size of a feature, obtained by measurement. 
 
Maximum limit of size (En büyük sınır ölçüsü-En büyük ölçü, EBÖ) 
The greatest permissible size of a feature (see following Figures) 
 
Minimum limit of size (En küçük sınır ölçüsü-En küçük ölçü, EKÖ) 
The smallest permissible size of a feature (see following Figures) 
 
 

 



 

 
 
Zero line (Sıfır çizgisi) 
In a graphical representation of limits and fits, the straight line, representing the basic size, to which the 
deviations and tolerances are referred (see above Figures) 
According to convention, the zero line is drawn horizontally, with positive deviations shown above and 
negative deviations below (see below Figure) 

 
 
Deviation (Sapma) 
The algebraic difference between a size (actual size, limit of size, etc.) and the corresponding basic size. 
NOTE: Symbols for shaft deviations are lower case letters (es, ei) and symbols for hole deviations are upper case letters 
(ES, EI) (see above Figure). 
 



Upper deviation (Üst sapma, (ES, es)) 
The algebraic difference between the maximum limit of size and the corresponding basic size (see above Figure) 
ES (es) = EBÖ - AÖ 
 
lower deviation (Alt sapma, (EI, ei)) 
The algebraic difference between the minimum limit of size and the corresponding basic size (see above Figure) 
EI (ei) = EKÖ – AÖ 
 
Actual deviation (Gerçek sapma , (GS)) 
The algebraic difference between the actual size and the corresponding basic size (see above Figure) 
GS = GÖ – AÖ 
 
Upper and Lower deviations of holes and shafts above and below the zero line can be located as in the following Figure. 
Deviations above zero line are positive (+), and deviations below zero line are negative (-). These are all possible 
combinations of deviations according to basic size of shaft and hole. 
 

 
 
Size tolerance (Ölçü toleransı, T ) 
The difference between the maximum limit of size and the minimum limit of size, i.e. the difference between the upper 
deviation and the lower deviation. NOTE: The tolerance is an absolute value without sign. 
T = EBÖ – EKÖ  or 
T = ES (es) – EI (ei) 
 
Clearance (Boşluk) 
The positive (+) difference between the sizes of the hole and the shaft, before assembly, when the diameter of 
the shaft is smaller than the diameter of the hole (see below Figure). 
 

 
 
 
 
 



Maximum clearance (En büyük boşluk, EBB ) 
In a clearance or transition fit, the positive difference between the maximum limit of size of the hole and the minimum 
limit of size of the shaft (see below Figures) 
EBB = Hole (Delik) EBÖ –  Shaft (Mil) EKÖ 
 
Minimum clearance (En küçük boşluk, EKB ) 
In a clearance fit, the positive difference between the minimum limit of size of the hole and the maximum 
limit of size of the shaft (see below Figures) 
EKB = Hole (Delik) EKÖ – Shaft (Mil) EBÖ 
 
 

 
 
 
 

 
 
 



 
 
Interference (Sıkılık) 
The negative (-) difference between the sizes of the hole and the shaft, before assembly, when the diameter of 
the shaft is larger than the diameter of the hole (see below Figure). 
 

 
 
Maximum interference  (En büyük sıkılık, EBS ) 
In an interference or transition fit, the negative difference, before assembly, between the minimum limit of size of the 
hole and the maximum limit of size of the shaft (see below Figures) 
EBS = Hole (Delik) EKÖ – Shaft (Mil) EBÖ 
 
Minimum interference (En küçük sıkılık, EKS ) 
In an interference fit, the negative difference, before assembly, between the maximum limit of size of the hole and the 
minimum limit of size of the shaft (see below Figures) 
EKS = Hole (Delik) EBÖ – Shaft (Mil) EKÖ 
 
 



 
 

 
 
Standard tolerance (Esas tolerans, IT ) 
For the purposes of the ISO system of limits and fits, any tolerance belonging to this system. 
NOTE: The letters of the symbol IT stand for “International Tolerance” grade. 
 
Standard tolerance grades (Esas tolerans niteliği) 
For the purposes of the ISO system of limits and fits, a group of tolerances, considered as corresponding to the same 
level of accuracy for all basic sizes. 
The standard tolerance grades are designated by the letters IT followed by a number, e.g. IT7. When the tolerance grade 
is associated with (a) letter(s) representing a fundamental deviation to form a tolerance class, the letters IT are omitted, 
e.g. h7. 
NOTE: The ISO system provides for a total of 20 standard tolerance grades of which grades IT1 to IT18 are in general 
use. Grades IT0 and IT01 are not in general use. 
 
The IT grades related to machining processes and practical use of the IT grades are shown in the following Figures. 
 



 
 
 

 
 
Standard tolerance factor (Tolerans faktörü, i ) 
For the purposes of the ISO system of limits and fits, a factor which is a function of the basic size, and which 
is used as a basis for the determination of the standard tolerances of the system. 
 
Calculation of the standard tolerance value for each IT grade: 
The standard tolerance value for each IT grade is obtained by multiplying a coefficient “k” specified for each of the IT 
grade with the standard tolerance factor “i”.  
 
Standard tolerance factor “i” for the diameter groups of 1…throgh 500 mm is given by the empirical relation, 

D0,001D0,45i 3   

and for the diameter groups of 500….through 3150 mm 

2,1D0,004i   

Here, D is the geometrical mean of the extreme sizes (min. and max. values) of the diameter group considered and given 
as 

21 .D DD  

where “i” is in micrometres (µm)  and D is in millimetres (mm). 



Note that these relations are valid for IT5….through IT18 grades. For grades below IT5 there are other empirical 
relations (refer IS : 1919-193 standards). 
 
The standard tolerance values for different IT grades can be calculated according to the following Table. 
In that Table, coefficient “k” is given for each IT grade. Moreover, standard tolerance factor “i” can be calculated from 
above relations, as explained. 
 

IT Grade IT5 IT6 IT7 IT8 IT9 IT10 IT11 IT12 IT13 IT14 IT15 IT16 IT17 IT18 

Standard Tolerance  value (k.i) 7i 10i 16i 25i 40i 64i 100i 160i 250i 400i 640i 1000i 1600i 2500i 

 
Standard tolerance values calculated and rounded at each nominal diameter group of all  of 20 IT grades are given in the 
following Table. 

 
 
 
Example :  Calculate the standard tolerance value at the diameter group of (10…18) mm for IT8 grade. 
Solution: 

Geometrical mean formula: 21D DD  

mm42.1318.10D   

Standard tolerance factor formula: D0.001D0.45i 3   

083.1)42.13(0.00113.420.45i 3   

Standard tolerance value = k.i   ,  (k=25 for IT8 grade) 
Standard tolerance value = k.i = (25)(1.083) = 27.075≈27 µm=0.027 mm (tallies with the value in Table). 
 
 
 



Tolerance class 
The term used for a combination of fundamental deviation and a tolerance grade, e.g. h9, D13, etc. 
 

 
 
Position of tolerance zone 
The position of the tolerance zone with respect to the zero line, which is a function of the basic size, is designated by 
(an) upper case letter(s) for holes (A . . . ZC) or (a) lower case letter(s) for shafts (a . . . zc)  
(see following Figure). 
NOTE: To avoid confusion, the following letters are not used: 
I, i; L, l; O, o; Q, q; W, w. 

 



Fit (Alıştırma) 
The relationship resulting from the difference, before assembly, between the sizes of the two features (the  
hole and the shaft) which are to be assembled. 
NOTE: The two mating parts of a fit have a common basic size. 
Variation of a fit (Alıştırma Toleransı, AT ) 
The arithmetic sum of the tolerances of the two features (the hole and the shaft) comprising the fit.  
NOTE: The variation of a fit is an absolute value without sign. 
AT = Thole + Tshaft   
AT = Tdelik + Tmil   or 
AT = EBB - EKB   or  
AT = EBS - EKS 
 
 
Fit types 
There are three general types of fits between parts: 
- Clearance fit (Boşluklu alıştırma-geçme) 
- Interference fit (Sıkı alıştırma-geçme)   
- Transition fit (Belirsiz (ara) alıştırma-geçme) 
 
Clearance fit (Boşluklu alıştırma-geçme) 
A fit that always provides a clearance between the hole and shaft when assembled, i.e. the minimum size of the hole is 
either greater than or, in the extreme case, equal to the maximum size of the shaft (see below Figure) 

 
 
Interference fit (Sıkı alıştırma-geçme)   
A fit which everywhere provides an interference between the hole and shaft when assembled, i.e. the maximum size of 
the hole is either smaller than or, in the extreme case, equal to the minimum size of the shaft (see below Figure) 

 
 
Transition fit (Belirsiz (ara) alıştırma-geçme) 
A fit which may provide either a clearance or an interference between the hole and shaft when assembled, depending 
on the actual sizes of the hole and shaft, i.e. the tolerance zones of the hole and the shaft overlap 
completely or in part (see below Figure) 

 



Fit system (Alıştırma sistemi) 
A system of fits comprising shafts and holes belonging to a limit system. 
 
Hole-basis system of fits (Normal delik alıştırmalar sistemi) 
A system of fits in which the required clearances or interferences are obtained by associating shafts of various tolerance 
classes with holes of a single tolerance class (i.e. The size of the hole is kept constant and the size of the shaft is varied 
to get the different class of fits). The hole basis system is preferred in most cases, since standard tools like drills, 
reamers, broaches, etc., are used for making a hole. 
For the purposes of the ISO system of limits and fits, a system of fits in which the minimum limit of size of the hole is 
identical to the basic size, i.e. the lower deviation of the hole is zero (EI=0). The letter symbol for the hole for this 
situation is ‘H’ (see below Figure).  Required clearance, interference or transition fits can be obtained by varying the 
shaft tolerance zone from “a” to “zc” and tolerance grade for this hole. 

 
Shaft-basis system of fits 
A system of fits in which the required clearances or interferences are obtained by associating holes of various tolerance 
classes with shafts of a single tolerance class (i.e. The size of the shaft is kept constant and the size of the hole is varied 
to get the different class of fits). The shaft basis system is preferred by (i) industries using semi-finished shafting as raw 
materials, e.g., textile industries, where spindles of same size are used as cold-finished shafting and (ii) when several 
parts having different fits but one nominal size is required on a single shaft. 
For the purposes of the ISO system of limits and fits, a system of fits in which the maximum limit of size of the shaft is 
identical to the basic size, i.e. the upper deviation of the shaft is zero (es=0). ). The letter symbol for the shaft for this 
situation is ‘h’ (see below Figure). Required clearance, interference or transition fits can be obtained by varying the hole 
tolerance zone from “A” to “ZC” and tolerance grade for this shaft. 
 

 
 



DESIGNATION of TOLERANCED INDIVIDUAL DIMENSIONS IN DRAWING  
A toleranced size is 
i) designated by the basic size followed by the designation of the required tolerance class (fundamental deviation letter 
followed by tolerance grade numeral), or 
ii) designated by the basic size followed by the explicit deviations. 
Examples:

 

 
 
The terms  Ø25H7, 10H10 and 40C11 refer to internal features, since the terms involve capital letter symbols. 
 

 

 
In above toleranced size, the capital letter ‘H’ signifies that the lower deviation of the hole is zero (hole basis system) 
and the number symbol 7 signifies the IT grade, the value of which is 21 microns which inturn is equal to the upper 
deviation. 

 

 
In above toleranced size, for the tolerance class  C11 of the inner feature with 40 mm dimension, the lower deviations is 
+120 microns. The value of the tolerance, corresponding to grade 11 is 160 microns. The upper deviation is obtained by 
adding 160  to 120 which is equal to 280 microns or 0.28 mm. 
 



The terms  10h9, Ø25h9 and Ø40h11 refer to external features, since the terms involve lower case letter symbols. 
 

 

 
In above toleranced size, the lower case letter ‘h’ signifies that the upper deviation of the external feature is zero (shaft 
basis system) and the number symbol 9 signifies the IT grade, the value of which is 36 microns which inturn is equal to 
the lower deviation. 
 

 

 
In above toleranced size, the lower case letter ‘h’ signifies that the upper deviation of the shaft is zero (shaft basis 
system) and the number symbol 9 signifies the IT grade, the value of which is 52 microns which inturn is equal to the 
lower deviation. 

 
DESIGNATION of FITS IN DRAWING  
When assembled parts are dimensioned, the fit is indicated by the basic size common to both the components, followed 
by the hole tolerance symbol first and then by the shaft tolerance symbol 
Examples 
 

 
 
  
 

TOLERANCE TABLES 
Tables giving the commonly used tolerance classes are used in Hole and Shaft-basis system of fits. 
These tables are given in the following pages. 
 
   



 



 



 



 



PREFERRED FITS 
 

Following Tables taken from different sources give the types of either the hole-basis or shaft-basis 
preferred fits (clearance, transition, and interference). 
 
Fits should be selected from these Tables for mating parts where possible. 
 
 

 
 



 
Following Table gives equivalent fits on the hole basis and shaft basis systems to obtain the same fit. 
 

 



 
 
 
 
 
 



 

 



 

 
 
Turkish meanings of fit descriptions are given in the following. 
 
Tutuk döner geçme: Sliding fit 

Döner geçme: Running fit 

Serbest döner geçme: Free-running fit 

Hafif döner geçme: Close-running fit 

Kaba geçme: Loose- running fit 

Kaygan geçme: Locational clearance fit 

Tutuk, çakma, kakma geçme: Locational transition fit 

Sıkı geçme: Locational interference fit 

Pres geçme: Force or shrink fit 

 



Examples for using Tolerance Tables 
 
Example: 30H7/g6 fit is given between a hole and a shaft. Determine 
- the upper and lower deviation limits for the hole and the shaft, 
- maximum limit of size for the hole and the shaft 
- size tolerance for the hole and the shaft 
- fit type between the hole and the shaft 
- maximum and minimum clearances (interferences) for the fit 
- variation of fit 
 
Solution: 
-Basic dimension for the interior and exterior parts (hole and shaft) is 30 mm. 
-Capital letter “H” designates the hole basis system of fit is used for the mating hole and the shaft. Therefore, hole-basis 
Table (see following table) is to be used.  
Follow across from the group of 24…30 mm for the basic size of 30 mm to H7. 
Upper and lower deviations for the hole are +21 µm = +0,021 mm and 0 µm = 0,000 mm respectively. 
The upper and lower deviation for the shaft are found in the g6 column. They are -7 µm =  -0,007 mm and 
 -20 µm = -0,020 mm respectively. 

 
 
Hole: 
ES = +0,021 mm (Upper deviation for hole, found from Table) 
EI  = 0,000 mm (Lower deviation for hole, found from Table) 
ES = EBÖ – AÖ 
EBÖ = ES + AÖ = 0,021 + 30 =30,021 mm  (Maximum limit of size for hole) 
EI  = EKÖ – AÖ 
EKÖ = EI + AÖ = 0,000 + 30 =30,000 mm (Minimum limit of size for hole) 
T = EBÖ – EKÖ =30,021-30,000=0,021 mm (Size tolerance for hole) or 
T = ES – EI = +0,021- 0,000=0,021 mm (Size tolerance for hole) 
 



Shaft: 
es = -0,007 mm (Upper deviation for shaft, found from Table) 
ei  = -0,020 mm (lower deviation for shaft, found from Table) 
es = EBÖ – AÖ 
EBÖ = es + AÖ = -0,007 + 30 =29,993 mm (Maximum limit of size for shaft) 
ei  = EKÖ – AÖ 
EKÖ = ei + AÖ = -0,020 + 30 =29,980 mm  (Minimum limit of size for shaft) 
T = EBÖ – EKÖ =29,993-29,980=0,013 mm (Size tolerance for shaft) or 
T = es – ei = -0,007 – (-0,020) =0,013 mm (Size tolerance for shaft) 
 
Fit :  
Fit type is clearance because Shaft EBÖ < Hole EKÖ 
 
EBB = Hole EBÖ – Shaft EKÖ = 30,021-29,980 = 0,041 mm (Maximum clearance) 
EKB = Hole EKÖ – Shaft  EBÖ = 30,000-29,993 = 0,007 mm (Minimum clearance) 
 
AT = Thole + Tshaft = 0,021 + 0,013  = 0,034 mm (Variation of fit) or 
AT = EBB - EKB = 0,041 – 0,007 = 0,034 mm (Variation of fit) 
  
All of these results can be obtained in AutoCAD Mechanical program as follows: 
 

 
 
 

 
 
 
 
 
 



Example: 50K7/h6 fit is given between a hole and a shaft. Determine 
- the upper and lower deviation limits for the hole and the shaft, 
 
Solution: 
-Basic dimension for the interior and exterior parts (hole and shaft) is 50 mm. 
-lowercase letter “h” designates the shaft basis system of fit is used for the mating hole and the shaft. Therefore, hole-
basis Table is to be used. 

 
 
 
 
Example: 25H7/h6 fit is given between a hole and a shaft. Determine 
- the upper and lower deviation limits for the hole and the shaft, 
 
Solution: 
-Basic dimension for the interior and exterior parts (hole and shaft) is 25 mm. 
-Capital letter “H” designates the hole basis system, whereas lowercase letter “h” designates the shaft basis system. 
Therefore, both Tables can be used. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



DESIGNATION of TOLERANCED INDIVIDUAL DIMENSIONS IN DRAWING (EXAMPLES) 
 
 

 
 
 
 

Designation of Deviations 
 

 
 
 
 



Designation of Limit Sizes 

 
 
 

Designation of different deviations (No use of IT Grades) 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 



DESIGNATION of TOLERANCED ASSEMBLED PARTS IN DRAWING (EXAMPLES) 
 
When assembled parts are dimensioned, the fit is indicated by the basic size common to both the components, followed 
by the hole tolerance symbol first and then by the shaft tolerance symbol (e.g., φ 25 H7/h6, etc.,). 
 
 

 
 
 

 
 



 
 

 
 
 

Letter Sizes 
 

 
 
 

Symbol and Letter Sizes 
 

 
 



Designation of deviations and limit sizes 

 
 

Designation of two different tolerances on the same size 
In this case the dimension to which the tolerance belongs is to be indicated. See following Figure. 
 

 
 
 

GENERAL TOLERANCE NOTES: 
For the sizes to which the tolerances are not assigned, tolerances should be given according to one of the following 
clauses. Therefore, corresponding clause should be written near (preferably above) the title block. 
 
General tolerance ± …… mm 
(Genel tolerans: ±…. mm) 
 
All tolerances  ± …… mm unless otherwise noted. 
(Toleransı verilmeyen ölçülerde tolerans: ± ……  mm’dir). 
 
All tolerances according to TS1980-f unless otherwise noted. 
All tolerances according to TS1980-m unless otherwise noted. 
All tolerances according to TS1980-c unless otherwise noted. 
(Diğer toleranslar TS1980-f’e göre) 
(Diğer toleranslar TS1980-m’e göre) 
(Diğer toleranslar TS1980-c’e göre) 
 

Note: The linear dimension tolerances are given in Turkish standards (TS1980) as in the following Table. 

 



Designation of Angular Dimension Tolerances 
 

 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



SOME EXERCISES 
 

 
 
 
 
 

 
 
 
 
 
 
 



 
 
 
 
 

 
 
 
 



 
 
 
 
 

 
 
 



 

 
 
 
 

 



 

 
 
 
 
 


