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Dimensional Tolerance:

Limits and Fits
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Limits and Fits

When parts are assembled together, engineers 

have to decide how they will fit together and 

the economics associated with it.

• How they will fit together?

– Clearance fit

– Transition fit

– Interference fit

• Economics?

– Interchangability

Standards

BS4500

ANSI B4.1
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Limits and Fits - Definitions
• Basic size /nominal size - the reference size of 

hole/shaft to which the limit of size are fixed, 

the basic size is the same for both members of 

a fit.

• Limits of size - the maximum and minimum 

sizes permitted for a feature.

• Maximum limit of size - the greater of the 2 

limits of size.

• Minimum limit of size - the smaller of the 2 

limits of size.
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Limits and Fits - Definitions

• Tolerance is the difference between the

maximum limit of size and the minimum

limit of size.

• Fit expresses the relationship between a

mating parts with respect to the amount of

clearance or interference which exists when

they are assembled together.
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Limits and Fits - Definitions

• Hole - designate all INTERNAL features of a 

part, including parts which are not cylindrical.

• Shaft - designate all EXTFRNAL features of a 

part, including parts which are not cylindrical.

• Upper deviation - difference between the 

maximum limit of size and the corresponding 

basic size.  This is designated ‘ES' for a hole 

and 'es' for a shaft.
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Limits and Fits - Definitions
• Lower deviation - difference between the 

minimum limit of size and the corresponding 

basic size.  This is designated ‘EI' for a hole 

and 'ei' for a shaft.

• Grade of Tolerance - Group of tolerances with 

the same level of accuracy for all basic sizes.

• Clearance - difference between the size of the 

hole and shaft (positive)

• Clearance - difference between the size of the 

hole and shaft (negative)
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Limits and Fits - Definitions
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Unilateral Tolerance

The upper and lower deviations are all positive or 

all negative. 033.0

0 30  +φhole 040.0

092.0 30  −

−φshaft
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Bilateral Tolerance

006.0

015.0 30  
+

−φhole 013.0

008.0 30  +

−φshaft

The tolerance is split above and below the 

basic size
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Fundamental Deviations (BS4500)

• The 27 deviations for HOLES are:

• A B C CD D E.EF F G H JS J K M N P R S
T U V X Y Z ZA ZB ZC

• The 27 deviations for SHAFTS are:
• a b c cd d e ef f g h js j k m n p r s t u v

x y z za zb zc
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Fundamental Deviations (BS4500)

• The 27 deviations for HOLES are:
– A B C CD D E EF F G H JS J K M N P R S T 

U V X Y Z ZA ZB ZC

• The 27 deviations for SHAFTS are:
– a b c cd d e ef f g h js j k m n p r s t u v x y 

z za zb zc
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Fundamental Deviations 

Grade 7 tolerance 

zone for the diameter 

range 6-10 mm

holes

shafts
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Grades of Tolerances

• There are 18 grades of tolerances IT01, IT0, 

and IT1 to IT16. (IT - ISO series Tolerances)

• IT01 and IT0 are very fine grades

• IT16 is the most coarse grade reflecting the 

precision of the process.

• The degree of error increases with:

– the precision of the process (IT grade), and

– the size of the component.
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Grades of Tolerances
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Limits and Fits Designation
• A hole tolerance with deviation 'H' and tolerance 

grade IT7 is designated 'H7'. 

• A shaft tolerance with deviation 'p' and tolerance 

grade IT6 is designated 'p6'. 

• Appropriate tolerance designation for a feature of 

45 mm, e.g. 45H7 or 45p6. 

• A fit combines the basic size of both features and 

their designations.  The designation of hole limits 

should always be quoted first.  E.g. 4SH7-p6 or 

45H7/p6.
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Three Classes of Fit

• Clearance fit - A fit provides a clearance. 

The tolerance zone of the hole is entirely 

above that of the shaft.

• Transition fit - A fit provides either a 

clearance or an interference. The tolerance 

zones of the hole and the shaft overlaps.

• Interference fit - A fit provides an 

interference. The tolerance zone of the hole 

is entirely below that of the shaft.
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Hole Basis System of Fit

• Associating various shafts with a single hole

• ISO - the lower deviation of the hole is zero
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Hole Basis System of Fit

• More commonly used

• It is easier to manufacture shaft to the 

tolerance values and measure those values
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Shaft Basis System of Fit

• Associating holes with a single shaft

• ISO - upper deviation of shaft is zero

MECH152-L6-1 (1..0) - 20

Shaft Basis System of Fit

• Less commonly used

• Preferable when a shaft may have to 

accommodate a variety of accessories such 

as couplings, bearings, collars, gears, etc. -

constant shaft diameter with varying bores 

of accessories to obtain different types of 

fits.
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Example - Clearance Fit

MECH152-L6-1 (1..0) - 22

Example - Transition Fit
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Example - Interference Fit
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Drawing
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ISO Fit (size 6-180 mm)

• Easy running - H7/e8

• Normal running - H7/f7

• Slide - H7/g6

• Location - H7/h6

• Push - H7/k6

• Light press - H7/p6

• Heavy press - H7/s6

Shafts and 

exposed 

bores 

should 

have 

chamfers
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ISO Fit (size 6-180 mm)
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