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ANSI Standard Fits. — Tables 2 to 6 inclusiv i
s. y ¢ show a series of
::layss::co;g;ss (:\[/lil? ;:mgral hole basis, such that the fit producedsl;;n;::?ntgym:?:
. € approximately similar perform: h
of sizes. These tables prescribe the fit fo e Size. or type of i, e range
4 pre; for any given size, or t f fit; th
prescribe the standard limits for the matin; i i e the Bt The oo
et o e andard limit g parts which will produce the fit. The fits
Britsh-Canation s .am all of those which appear in the approved American-
Selection of Fits: In selecting limi i i
' : g limits of size for any application, th i
g::;r':‘elge‘tjhgsttﬁcbl?;?s g;l stil;: ufstehor service required from the’eqﬁignp:n?fbg;r:;
dcsm e will be oo of the mating parts are established, to insure that the
oretically, an infinite number of fits could be
y b chosen, but th -
dard fits shown in the accompanying tables should cover most appliec:llil::s).er of stan

Designation of Standard Fits: Standard fi i
. [ nd ; ts are designated b
lsl;'gmsb)g;;b::'se »;l;utch t;acn(l;tadte re;‘:rence to classes of ﬁt%:r cduczt;gmspgggz:: “'(I)‘I‘:e'
intended to i i i si
hould be oo er iy shown on manufacturing drawings; instead, sizes
The letter symbols used are as follows:

RC  Running or Sliding Clearance Fit

lljg TLocational Clearance Fit I
ransition Clearance or Interference Fi

LN Locational Interference Fit e

FN Force or Shrink Fit

These letter symbols are used in conj i i
' unction witl )
H g:thNf 4hrepresents 2 G s fgjr unctic ith numbers representing the class of
of these symbols (two letters and a numbe;
) the \ u r) represents a com
t\;/‘l::lcl'n :he minimum and maximum clearance or interference and the Iimits l::; es'ﬁl gor
mating parts are given directly in the tables. tee for

Description of Fits. — The classes of fit arranged i
running and sliding fits, locational fits, and fosr::eﬁts. od in three general groups:

ancft:;:mgv:nd_ Sl_itgcg Fits (RC): Running and sliding fits, for which limits of clear-
ance are lg)ll ln bu! ible 2, are intended to provide a similar running performance
g su :‘i” e lu rication allowance, throughout the range of sizes. The clearances for
ihe first tw : :t:z:ecsl,a:ss:;i ?::l?yt as slide fits, increase more slowly with the diameter
of Fom reloer class , at accurate location is maintained even at the expense
{Iéeic éilts malydbc described as follows:
ose sliding fits are int i i
ass;mblc wi_th_out pericptible pla;.nded for the accurate focation of parts which must
e arfn czestltl:::l"g lﬁt.\' ?{é intended for accurate location, but with greater maximum
Srearance runc ;s; y a:‘.dP_arttshmT:re to this fit move and turn casily but are not
hapied s in the larger sizes may seize with small temperature
RC 3 Precision running fits are abou i
L re t the closest fits which can be
:"r:telayr,e a:gta;lelil:;tbelrcld;d I.‘:or precision work at slow speeds and light jo:r)"ng:l(;::gs;?xrreusn
Sut are 1o re appreciable temperature differences are likely to be en:
Mt}?g‘gd Ce'lr?; r::rr;:g ﬁsts are integd_cd chiefly for running fits on accurate machinery
) s i
mm;gum;;l:y S desired.p”d and journal pressures, where accurate I on and
5 RC 6 Medium runni i i i
heavy joornal presauncoum run. ing fits are intended for higher running speeds, or

O

RC 7 Free running fits are intended for use where accuracy is not essential, or
where large temperature variations are likely to be encountered, or under both these
conditions. '

RC 8 and RC 9 Loose running fits are intended for use where wide commercial
tolerances may be necessary, together with an allowance, on the external member.

Locational Fits (LC, LT, and LN): Locational fits are fits intended to determine
only the location of the mating parts; they may provide rigid or accurate location, as
with interference fits, or provide some freedom of location, as with clearance fits.
Accordingly, they are divided into three groups: clearance fits (LC), transition fits
(LT), and interference fits (LN).

These are described as follows:

LC Locational clearance fits are intended for parts which are normally station-
ary, but which can be freely assembled or disassembled. They range from snug fits
for parts requiring accuracy of location, through the medium clearance fits for parts
such as spigots, to the looser fastener fits where freedom of assembly is of prime
importance.

LT Locational transition fits are a compromise between clearance and interfer-
ence fits, for application where accuracy of location is important, but either a small
amount of clearance or interference is permissible.

LN Locational interference fits are used where accuracy of location is of prime
importance, and for parts requiring rigidity and alignment with no special require-
ments for bore pressure. Such fits are not intended for parts designed to transmit
frictional loads from one part to another by virtue of the tightness of fit, as these
conditions are covered by force fits.

Force Fits (FN): Force or shrink fits constitute a special type of interference fit,
normally characterized by maintenance of constant bore pressures throughout the
range of sizes. The interference therefore varies almost directly with diameter, and
the difference between its minimum and maximum value is small, to maintain the
resulting pressures within reasonable limits.

These fits are described as follows:

FN 1 Light drive fits are those requiring light assembly pressures, and produce
more or less permanent assemblies. They are suitable for thin sections or long fits, or
in cast-iron external members.

FN 2 Medium drive fits are suitable for ordinary steel parts, or for shrink fits on
light sections. They are about the tightest fits that can be used with high-grade cast-
iron external members.

FN 3 Heavy drive fits are suitable for heavier steel parts or for shrink fits in
medium sections.

FN 4 and FN §  Force fits are suitable for parts which can be highly stressed, or
for shrink fits where the heavy pressing forces required are impractical.

Graphical Representation of Limits and Fits. — A visual comparison of the hole
and shaft tolerances and the clearances or interferences provided by the various types
and classes of fits can be obtained from the diagrams on page 610. These diagrams
have been drawn to scale for a nominal diameter of 1 inch.

Use of Standard Fit Tables. — Example 1: A Class RC 1 fit is to be used in
assembling a mating hole and shaft of 2-inch nominal diameter. This class of fit was
selected because the application required accurate location of the parts with no per-
ceptible play (see description of RC 1 close sliding fits). From the data in Table 2,
establish the limts of size and clearance of the hole and shaft.

Maximum hole = 2 + 0.0005 = 2.000§; minimum hole = 2 inches
(Continued on page 619)
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Graphical Representation of ANSI Standard Limits and Fits*

—14
—16
—18
-20
-22

!
[ %]
m
5] -3
g 5
P
g
P 2
2 X
3 4 i e
5// ™ - F\‘I
2R 2 -
ol | E & _ ol |52
= - g mm - e~
N\
S| 2| |55 & -
) = - b R} He o
e R
| &}
! M| |2 P
o | z a -
3 < ]
o o
* LLLLLLLL
IR NR ANE R RN [11RENE
cYeeTTYTe ~=eT
|

LN2

LN1

FORCE OR SHRINK FITS
(TABLE 6)

(TABLE §)

* Diagrams show disposition of hole and shaft tolerances (in thousandths of an inch) with

INTERFERENCE LOCATIONAL FITS
respect to basic size (0) for a diameter of 1 inch.
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Table 5. ANSI Standard Interference Locational Fits (ANSI B4.1-1967, R1979)

Tolerance limits given in body of table are added or subtracted to basic size (as indicated by +

or ~ sign) to obtain maximum and minimum sizes of mating parts.

of

Adard tol

limits,

Class LN 1 Class LN 2 Class LN 3
Standard Standard Standard
Nominal | Limits Limits Limits Limits Limits Limits
Size Range, | of Inter- | Hole | Shaft | of Inter- | Hole | Shaft [ of Inter- | Hole | Shaft
Inches ference Hé ns ference H7 pb ference H7 6
Over To Values shown below are given in thousandths of an inch

0~ 0.12 o +0.25 | +0.45 [ +0.4 | +0.65| o0.1 +0.4 | +0.75
0.45 [ +0.2§ 0.6% [ +0.4 0.75 | +0.5

0.12— 0.24 ] +0.3 | +0.5 [ +0.5 | +0.8 0.1 +0.5 | +0.9
0.5 [ +0.3 0.8 ) +0.5 0.9 [ +0.6

0.24~ 0.40 (/] +0.4 | +0.65 [ +06 | +1.0 0.2 +0.6 | +1.2
0.65 ] +0.4 1.0 [ +0.6 1.2 ] +0.8

0.40- 0.71 ] +0.4 | +08 o +0.7 | +1.0 0.3 +07 | +1.4
0.8 o +0.4 1.3 ] +0.7 1.4 [ +1.0

0.71- 1.19 [ +0.5 | +1.0 ) +08 | +1.3 0.4 +08 { +1.7
1.0 [ +0.5 .3 [] +0.8 1.7 ] +1.2

1.19- 1.97 ] +0.6 | +1.1 o +1.0 | +1.6 0.4 +1,0 | +2.0
1.1 [ +0.6 1.6 [ +1.0 2.0 [ +1.4

1.97- 3.15] o +0.7 | +1.3 0.2 +1.2 | +2.1 0.4 +1.2{+23
1.3 [ +0.8 2.3 ] +1.4 2.3 [ +1.6

3.15- 4.73 0.1 +09 | +1.6 0.2 +1.4 | +2.5 0.6 +1.4 | +29
1.6 ] +1.0 2.5 ] +1.6 2.9 ] +2.0

4.73—- 7.09 0.2 +10 [ +1.9 0.2 +1.6 {+28 0.9 +1.6 { +3.8
1.9 ] +1.2 2.8 ] +1.8 3.5 1] +2.5

7.09- 9.85| 0.2 +1.2 | +2.2 0.2 - +1.8 | +3.2 1.2 +1.81+4.2
2.2 [ +1.4 3.2 [ +2.0 4.2 [} +3.0

9.85~12.41| 0.2 +1.2 | +2.3 0.2 +2.0 [ +3.4 IS +2.0 | +4.7
2.3 [ +1.4 3.4 [} +2.2 4.7 [ +13.§

12.41-15.75 | 0.2 +1.4 | +2.6 0.3 +2.2 | +3.9 2.3 +2.2 | +59
2.6 ] +1.6 3.9 1] +2.5 5.9 [ +4.5

15.75-19.69{ 0.2 +1.6 | +2.8 0.3 +2.5 | +4.4 2.5 +2.5 | +6.6
2.8 1] +1.8 4.4 1] +2.8 6.6 o +5.0

All data in this table are in accordance with American-British-Canadian (ABC) agr

Limits for sizes above 19.69 inches are not covered by ABC agreements but are given in

the ANSI Standard.
Symbols H7, p6, etc. arc hole and shaft designations in ABC system.
* Pairs of values shown represent minimum and maximum amounts of interference result-

ing from appli
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Table 6 (Concluded). ANSI Standard Force and Shrink Fits (ANSI B4.1-1967, R1979
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Basic Size: The size to which limits of deviation are assigned. The basic size is the
same for both members of a fit. For example, it is designated by the numbers 40 in
40H7.

. Deviation: The algebraic difference between a size and the corresponding basic
size.

Upper Deviation: The algebraic difference between the maximum limit of size and
the corresponding basic size.

Lower Deviation: The algebraic difference between the minimum limit of size and
the corresponding basic size.

Fundamental Deviation: That one of the two deviations closest to the basic size.
For example, it is designated by the letter H in 40H7.

Tolerance: The difference between the maximum and minimum size limits on a
part.
Tolerance Zone: A zone representing the tolerance and its position in relation to
the basic size.

UPPER DEVIATION ——ﬂ
LOWER DEVIATION —| r—— MIN SIZE—

MAX SIZE —|

INTERNATIONAL

TOLERANCE GRADE —+| P4+

(IT NUMBER)
FUNDAMENTAL

— DEVIATION
(LETTER)
~——BASIC SIZE —|
LOWER DEVIATION -

UPPER DEVIATION —~| ——

%

J FUNDAMENTAL
t—= [+— DEVIATION
INTERNATIONAL (LETTER)
TOLERANCE GRADE ——~| [—
(IT NUMBER)
‘ MIN SIZE
MAX SIZE

Fig. 1. ustration of Definitions

International Tolerance Grade (IT): A group of tolerances which vary depending
upon the basic size, but which provide the same relative level of accuracy within a
given grade. For example, it is designated by the number 7 in 40H7 or as IT7.

Hole Basis: The system of fits where the minimum hole size is basic. The funda-
mental deviation for a hole basis system is H.

Shaft Basis: The system of fits where the maximum shaft size is basic. The fun-
damental deviation for a shaft basis system is h.

Clearance Fit: The relationship between assembied parts when clearance occurs

under all tolerance conditions.

Interference Fit: The relationship between assembled parts when interference
occurs under all tolerance conditions.

Transition Fit: The relationship between assembled parts when either a clearance
or an interference fit can result, depending on the tolerance conditions of the mating
parts.

Tolerances Designation. — An “fnternational Tolerance grade’ establishes the
magnitude of the tolerance zone or the amount of part size variation allowed for
external and internal dimensions alike (see Fig. 11). Tolerances are expressed in grade
numbers which are consistent with International Tolerance grades identified by the
prefix IT, such as IT6, IT11, etc. A smaller grade number provides a smaller tolerance
zone.

A fundamental deviation establishes the position of the tolerance zone with re-
spect to the basic size (see Fig. 1). Fundamental deviations are expressed by toler-
ance position letters. Capital letters are used for internal dimensions and lower case
or small letters for external dimensions.

Symbols. — By combining the IT grade number and the tolerance position letter,
the tolerance symbol is established which identifies the actual maximum and mini-
mum limits of the part. The toleranced size is thus defined by the basic size of the
part followed by a symbol composed of a letter and a number, such as 40H7,
40f7, etc.

A fit is indicated by the basic size common to both components, followed by a
symbol corresponding to each component, the internal part symbol preceding the
external part symbol, such as 40H8/f7.

Some methods of designating tolerances on drawings are:

a. 40H8  b. 40H8 (40'039> c. (40'039> 4oH8
40.000 40.000

The values in parentheses indicate reference only.

Table 1. American National Standard Preferred Metric Sizes (ANS] B4.2-1978, R1984)

Basic Size. Basic Size, Basic Size. Basic Size.
mm mm mm mm
1St 2nd 15t 2nd 1St 2nd 15t 2nd
Choice Choice || Choice | Choice || Choice | Choice || Choice Choice

1 6 40 250
1.1 7 45 280
1.2 8 50 300
1.4 9 55 350
1.6 10 60 400
1.8 11 70 450
2 32 80 500
2.2 14 90 550
2.5 16 100 600
2.8 18 110 700
3 20 120 800
3.5 22 140 900
4 25 160 1000

4.5 28 180
3 30 200

5.5 35 220




