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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 Standards
— Interference fit ‘ BS4500
: ANSI B4.1
e Economics?
— Interchangability
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Limits and Fits - Definitions

e Basic size /nominal size - the reference size of
hole/shaft to which the limit of size are fixed,
the basic size i1s the same for both members of
a fit.

e [imits of size - the maximum and minimum
sizes permitted for a feature.

e Maximum limit of size - the greater of the 2
limits of size.

e Minimum limit of size - the smaller of the 2
limits of size.
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Limits and Fits - Definitions

e Tolerance 1s the difference between the
maximum limit of size and the minimum
limit of size.

e 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

e Hole - designate all INTERNAL features of a
part, including parts which are not cylindrical.

e Shaft - designate all EXTFRNAL features of a
part, including parts which are not cylindrical.

e 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 'e1’ for a shaft.

» Grade of Tolerance - Group of tolerances with
the same level of accuracy for all basic sizes.

e (Clearance - difference between the size of the
hole and shaft (positive)

e (Clearance - difference between the size of the
hole and shaft (negative)
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Limits and Fits - Definiti
Tolerance
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Unilateral Tolerance

The upper and lower deviations are all positive or
all negative. hole ¢ 30 ;"% shaft ¢ 30 0%

-0.092
+0.033
-0.092

@7 Zero line ~0.040
i

Hole Shaft 6

/]

Basic size

430

Unilateral Tolerance
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Bilateral Tolerance
The tolerance is split above and below the
basic size hole ¢ 30 5413 shaft $ 30 "5,
+0.013
w_ _0 . 008
. -0.015 —
5_7 Zero line
A 7
p _
Hole Shaft
/]
Basic size Bilateral Tolerance
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Fundamental Deviations (BS4500)

e The 27 deviations for HOLES are:

+ ABCCDDEEFFGHISJKMNPRS
TUVXYZZAZBZC

e The 27 deviations for SHAFTS are:

eabccddeeffghjsjkmnprstuv
Xy zzazbzc
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Fundamental Deviations (BS4500)

e The 27 deviations for HOLES are:

~ABCCDDEEFFGHISJKMNPRST
UVXYZZAZBZC

e The 27 deviations for SHAFTS are:

—abccddeeffghjsjkmnprstuvxy
zzazb zc
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Fundamental Deviations

Grade 7 tolerance
zone for the diameter
range 6-10 mm
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Grades of Tolerances

— the size of the component.

The degree of error increases with:

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

There are 18 grades of tolerances ITO1, ITO,
and IT1 to IT16. (IT - ISO series Tolerances)

ITO1 and ITO are very fine grades

IT16 is the most coarse grade reflecting the
precision of the process.

W

MECH152-L6-1(1..0) - 14

Grades of Tolerances

Tolerance for sample
(1/1000 mm)

size
Nominal size (mm)
Class of Work and Process Over 3| Over 50 | Over 120
to 6 to 80 to 180
ITL [Slip blocks, reference gauges. I 1.0 2 3.5
IT2 |High quality gauges, plug gauges. 1.5 3 5
IT3 |[Good quality gauges, gap gauges. 2.5 5 8
IT4 |Gauges, fit of extreme precision 4 8 12
produced by lapping.
IT5 {Ball bearings, machine lapping, 5 13 18
fine grinding.
IT6 [Grinding, fine honing. 8 19 25
IT7 {High quality turning, broaching, honing. 12 30 40
IT8 [Centre lathe work, capstan and automatic. 18 46 63
IT9 [Worn capstan or automatic, horizontal 30 74 100
and vertical boring.
IT10|Milling, slotting, planing, metal rolling | 48 120 160
or_extrysion.
IT11{Drilling, rough turning, boring, precision| 75 190 250
tube drawing.
IT12|Light press work, tube drawing. 120 300 400
IT13|Press work - tube rolling. 180 460 630
IT14[{Die casting or moulding, rubber moulding. |300 750 1000
IT15[Stamping. 480 1200 1600
IT16|Sand casting, flame cutting. 750 1900 2500
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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'.

e 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.

The Hong Kong University of Science and Technology
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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.

The Hong Kong University of Science and Technology




Iﬁ-ﬂ MECH152-L6-1(1..0)- 17
Hole Basis System of Fit

e Associating various shafts with a single hole
 ISO - the lower deviation of the hole is zero

Hole
C C 1
I
””—‘mzx Shaft m:x mex AR
min
S N
// ! AN -
1 AN ~N
P

D
max
D
min
o~
dmin
dmax
dmin
dpax
doin
dnax

Clearance Fit Transition Fit Interference Fit
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Hole Basis System of Fit

e More commonly used

e [t is easier to manufacture shaft to the
tolerance values and measure those values

The Hong Kong University of Science and Technology »
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Shaft Basis System of Fit

e Associating holes with a single shaft
e ISO - upper deviation of shaft is zero

Shaft Hole

(g}
—

max max max

-t
—

crnin max min

e

d
max
amin
Dmin
D
max
Dmin
D
max
Dmin
D
max

Clearance Fit Transition Fit Interference Fit
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Shaft Basis System of Fit

e 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
C = +0.37
c1 £it, 630 HI flole =
earance fit, ¢30 H1l/cll Cpin = *0.11
Hole dimension ¢ 30 H11(+8'13) Zeroline
. . -0.11 :// —_1_ /
Shaft dimension ¢ 30 c:ll(“0 24) —_— /// Shaft
Largest hole = 30.13 28 J——l:l
Small shaft = 29.76 ol o o fon
28 NE
Max clearance +0.37 IR
1 ©
Smallest hole = 30,00 ///
Largest shaft = 29.89
Min clearance +0,11 Basic size | Clearance Fit
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Example - Transition Fit

C = +0,019
max
Hole I = -0.015

Transition fit, ¢ 30 H7/k6 max

e Zero Line ;z;z;z]
Hole dimension ¢ 30 H7(+8'021) \ L { Shaft

7 .
J_
Shaft dimension ¢ 30 k6(+0°015) “jL //C;f

+0.002 —TT {

Largest hole = 30,021

3|8 e
[aa]
Smallest shaft = 30.002 olo ol e
213 2l a
Max. clearance +0,019 o © ) o
Smallest hole = 30.000
Largest shaft = 30.015
Max. interference =-0.015 | Basic Size

The Hong Kong University of Science and Technology »
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Largest hole
Smallest shaft

Min. interference

Smallest hole
Largest shaft

Max. inteference

Interference fit, ¢ 30 H7/p6
Hole dimension ¢ 30 H7(

Shaft dimension ¢ 30 p6(

The Hong Kong University of Science and Technology »

Zero line
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Example - Interference Fit

Ipax =-0.035

Hole

Inin =-0.001

Shaft

1K

]

!

+0.021, \
0 ~&./;’/
+0.035, -
+0,022 e

30.021 S S

30.022 slg

o e

-0.,001

30.000

30.035

-0.035

$30.022
$30.035

%

Basic size

W

+0.15
L 325 00
I
32%0.1
i
0
32_9.02

T
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Drawing

(a)
$30£7

or ¢30£7¢(

OT ¢30£7(

Gb24H7 /p6

r«-n-——————-—

For shafts

-0.020

—0.041)

29.980
29.959

)
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For holes

(b)

$30HS

or ¢30H8(go'033)

30,033

30_000)

or $30HSE(
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ISO Fit (size 6-180 mm)

e Easy running - H7/e8

e Normal running - H7/f7 Shafts and
e Slide - H7/g6 exposed
e Location - H7/h6 bores
« Push - H7/k6 should
. have
* Light press - H7/p6 chamfers

e Heavy press - H7/s6

The Hong Kong University of Science and Technology 7
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ISO Fit (size 6-180 mm)
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TOLERANCE AND MACHINING

TOLERANCES FOR GRADES 1TH TO 1716 FROM O T0 I S0mm:BS4500: 1960
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PROCESSES RELATED TO SURFACE FINISH AND APPLICATIONS
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{STRESS CONCENTRATION AND WHERE APPEAIANCE 1S UNIMPORTANT.
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1 ¥ngineering Companies mormally select two or three tolerance
grades for their own standardjeg 176 Fine, 177 nomal 1T8 coarse,
to cover fits and working clearances, with a genral note

osetric errors
w e, Fore tunately machines that will
give close tolerances  produce fine Sinishes iwtrinsically,
3.However some componen a fine surface finish without
requires a
to prevent rapid wcar,

seal track surface finish of 0.2pm 0
but will operate perfestly well on a shaft having a tolerance
grade of 1T7 or even ITB (rather than the grade IT4 norsally
assoesated with & 0.2um R surface £laish).

4.Tolerance grades | to 5 ave comsonly used for gauges with grades
6 to L] for fits. Iowever, for high precision Fits, grades §
and 4 are frequently used, similarly grades & or 7 are adequate
for gauges used to inspect coarse work,
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1. Surfuce finish s spectficd as the mixima allouible surfice rouh-
ness in micro-metr This is usually mcasured by eq
Tith 8 the tamk 19y10r Hobson *Tatysurf! wnieh providos an et
netic centre line average value, designated R (roughness arith-
notic) see DS1134;1972

2. This value is the averape height both above AKD below a mean line
through the surface profile, so that, for gomersl engineering
surfaces, the piven value i3 appros. one quarter of the total
surface variation,

3. ¥olues are indicated by the standard machining symbol together with
the mazimm nermissible Toughness value from the preferred series
eg. oz 08, s

4. High grade surface finishesare expensive’and must only be speci-
fied where sbiolutely necessary.  Where ever possible se the

iherent aversge finish resulting from the process speci Eied,
necessary to achieve the tolevance required.  (Ome
twice as smooth and could cost twice as much!)

§. General control of surface roughness can be effected by use of a
note:  MACHINER SURFACES 3.2 wa k, BAX EXCEPT WIUERE SHOWN OTHER-

WISE (For precision products 1.6 v k_ may be the normal standard)

Trade Tiner is

Extracted

from
BS 4500 1969

BRITISH STANDARD

SELECTED ISO FITS—HOLE BASIS
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Data Sheet

4500A.

Vs 1. February 1970
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