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5.1)  Definitions of tolerance
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Definition of Tolerance

 No feature of a component can be perfect (i.e., no surface flat, no 

hole round etc), because of the manufacturing process

 Thus, when dimensioning any feature

 Basic nominal dimension 

 Permitted variability (tolerance) 

 Dimensions should be given in as large a tolerances as possible without 

interfering with the function of the part to reduce production costs.

Limits
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Definition of Tolerance

Tolerance is the total amount a dimension 

may vary.  It is the difference between 

the maximum and minimum limits.
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Ways to Express Tolerance

 Direct limits or as tolerance limits applied to 

a dimension

 Geometric tolerances

 A general tolerance note in title block
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Tolerances and Fits

Designer specifies upper and lower limits to the dimensions

d

dmax

dmin

Tolerance is the difference between the maximum and

minimum size limits of a part:

minmax ddd 

Too tight tolerance  High manufacturing cost

Too large tolerance Part may not function as expected
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5.2) Basic Systems for Fit  

Specification
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Basic Systems for Fit  Specification

In order to standardize dimensioning of fits, two basic systems are used

1) Basic Hole System (BHS)

Minimum hole diameter is taken as the basis. Lower deviation for the

hole is equal to zero. Dmax is prescribed according to the specified 

tolerance.

2) Basic Shaft System (BSS)

Maximum shaft diameter is taken as the basis. Upper deviation for the

Shaft is equal to zero. dmin is prescribed according to the specified

tolerance.
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Basic Systems for Fit  Specification
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Specification for the Fits

tolerance zone

Fund. Dev.

BHS basic size

25 H7/g6

fund. dev.

for the hole

IT grade

for the hole

fund. dev.

for the shaft

IT grade

for the shaft

• H…/(a-z)…  BHS (fund. dev. for the hole is zero)

• (A-Z)…/h…   BSS (fund. dev. for the shaft is zero)

• Letters I, L, O, Q, W, i, l, o, q, w are not used.
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Fundamental Deviations (Letter Specification)
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dFbasic size

BHS: H…/(a-g)…  (negative)

H…/(j-k)…   (depends on size)

H…/(m-z)…  (positive)

BSS: (A-G)…/h…  (positive)

(J-K)…/h…   (depends on size)

(M-Z)…/h…  (negative)
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5.3) International Tolerance 

Grade Chart



International Tolerance Grade Chart









Copyright ©2010 by K. Plantenberg

Restricted use only

Example



Copyright ©2010 by K. Plantenberg

Restricted use only

Example

ø 60 H8f7

Upper deviation = ? 

Lower deviation = ? 

ø 60 H7g6

Upper deviation = ? 

Lower deviation = ? 

ø 60 H7m6

Upper deviation = ? 

Lower deviation = ? 

ø 60 H7p6

Upper deviation = ? 

Lower deviation = ? 
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5.4) International Tolerance 

Grade Numbers
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International Tolerance Grade Numbers

Example: A shaft of nominal diameter 25 mm is going to be manufactured.

IT grade is required to be IT7. Determine the tolerance on the shaft.

Use Table (tolerance grades, metric series)

Basic size  18-30 (Consider the 1st appearance)

• Tables can be used for both shafts and the holes.

• Tolerance on a shaft or a hole can be calculated by using 

the formulas provided by ISO.

mm 021.0minmax  dddTs
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Tolerance Designation (ISO R286)

Tolerance on a shaft or a hole can also be calculated by using the formulas

provided by ISO.

iKT 

where,

T is the tolerance (in mm)

DDi 001.045.0 3  (unit tolerance, in mm)

  6
6.110

ITITnK

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Example

Example: Consider the previous example (D = 25 mm and IT grade of 

IT7) and calculate the tolerance on the shaft using the formulas given in 

ISO standards.

DDi 001.045.0 3 

Note: When the nominal sized marking the beginning and end of a range of

sizes are not available, nominal size can be directly used to calculate i.

i = 1.341 mm

  
166.110

67  
K

mm 0.021m  45.21  miKTs

Same result is obtained using Table 
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5.5) Fit Types
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Fit Types

Fit: degree of tightness between two parts.

Fit types: 

 Clearance Fit – tolerance of mating parts always 

leaves a space

 Interference Fit – tolerance of mating parts always 

results in interference

 Transition Fit – sometimes interferes, sometimes 

clears
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Fit Types

There are three types of fits

a) Clearence Fits b) Interference Fits  c) Transition Fits



Copyright ©2010 by K. Plantenberg

Restricted use only

Fit Types

There are three types of fits

a) Clearence Fits   b) Interference Fits c) Transition Fits
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Fit Types

There are three types of fits

a) Clearence Fits   b) Interference Fits  c) Transition Fits
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Fit Types

 Clearance = Hole – Shaft

 Cmax = Hmax – Smin

 Cmin = Hmin – Smax

Both Cmax and Cmin <0 – Interference fit

Both Cmax and Cmin >0 – Clearance fit

Cmax > 0; Cmin < 0 – Transition fit

 System Tolerance = Cmax – Cmin

 Allowance = Min. Clearance = Cmin
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Example

In the second table, interference and clearence values for commonly used

fits are given.

For example, consider G7/h6, D = 20 mm.

From the table we read:

m 7

m 41

min

max

m
m




C

C
clearence fit.

m 7

m 28
G7 m

m



m 13

m 0
6h m

m


G7

h6

Cmax

Cmin
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Consider H7/m6, D = 20 mm.

From the table we read:

interference fit.

H7 m6

max

max

12 m

21 m

C

I

m
m

 
 

0

m 21
H7

m
 21 m

m6
9 m

m
m






nominal size

Example



Copyright ©2010 by K. Plantenberg

Restricted use only

Tolerance on the Fit

Tolerance on the fit is defined as the sum of the tolerance on the hole and

tolerance on the shaft.

   minmaxminmax ddDDTTT shf 

Cmin Cmax
Imax

Imin

Cmax

Imax

minmax CCT f  minmax IIT f 

maxmax CIT f 

clearence interference

transition
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5.1) Exercices
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Example

????

????

7.960

7.925

Free Running H9/d9

Basic Size:  8

(1) Nominal Size:  ?(1) Nominal Size:  8

(2) Shaft Limits:

(7) Minimum

Clearance:  ????

(8) Maximum

Clearance:  ????

(3) Shaft Tolerance:  ????(3) Shaft Tolerance:  0.035

(4) Hole Limits: ????

????

8.036

8.000(5) Hole Tolerance:  ????(5) Hole Tolerance: 0.036

(6) Ts:  ????(6) Tf:  0.071

(7) Minimum

Clearance:  0.040

(8) Maximum

Clearance:  0.111

CHECK:  Ts = Cmax – Cmin?CHECK:  0.071 = 0.111 – 0.040 = 0.071
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Exercices 1

For a nominal diameter of 25 mm and for a fit specification of H7/k5

determine the following:

a) Type of the tolerancing system

b) Tolerance on the hole

c) Tolerance on the shaft

d) Upper and lower limits of the hole (Dmax, Dmin)

e) Upper and lower limits of the shaft (dmax, dmin)

f) Type of the fit

g) Tolerance on the fit

h) Allowance
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Correction

a) H7/k5  Basic Hole System

b) D = 25 mm, from the given table:

m 0

m 21
H7 m

m
11 m

k5
+2 m

m
m




nominal sizeH7

k5

+

-

c)

m 21mhT

m 9 msT
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Correction

d) min 25,    (Basic Hole System)D 

mm 021.25021.025max D

e) min 25 0.002 25.002 mmd   

max 25 0.011 25.011 mmd   

f) Transition fit.

g) Tolerance on the fit:

m 30921 m shf TTT

or, max 11 m,I m max 21 2 19 m.C m  
m. 30maxmax m CIT f

h) Allowance = Imax= 11 mm.
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Exercise 2
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Example 1
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Copyright ©2010 by K. Plantenberg

Restricted use only

Example 2
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Example 3
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Example 4
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The End


