A figure after the letter shows a grade of tolerance that determines the value of
tolerance (Table 7-2). Tolerance is the total permissible variation of a size. It is the
difference between the maximum and minimum limits of size. Numbers 6 and 7 grades of
tolerance are accuracy and are obtained by grinding, accuracy turning processing, etc.
Numbers 8,9,10 are middle accuracy; 11, 12 are rugged enough; 14 is very rugged.

4 1l
= z'lf_/l
E I_I
N , @—l&. €]\ 2] LIJF&WJ ZEV (p)
w 8§ D‘ﬂ
L
S S|
3 a m
%‘ 7]

Fig. 7-4. A scheme of fundamental deviations of shafts.
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Fig. 7-5. A scheme of fundamental deviations of holes.



The values of tolerance and fundamental deviation depend on the part size. All the
range of sizes is divided into intervals of sizes within which the values of tolerance and
fundamental deviation are equal. In tables the values of tolerance and fundamental
deviation are written in micrometers.

In our example 30g6 the fundamental deviation fd in accordance with the letter g is -7 n
m = -0.007mm (Table 7-1). The size tolerance is Tq4=13um in accordance with the number
6 of the grade of tolerance (Table 7-2). The upper deviation es is equal to the fundamental
deviation fd in this example: es=-7 um, Fig. 7-6. We define the lower deviation ei: ei=-7-
13=-20pum. A lower limit of the tolerance zone corresponds to the lower deviation. An
upper limit of the tolerance zone corresponds to the upper deviation. We can write:
30g6(2%7) or 307297 mm. The
maximum  limit of the size:

dmaxzdbasic+eS:30+(' ¢3§mm f&’:—ga‘ﬂ:ﬁ’.{?’=€ﬁ%
0.007)=29.993mm. b5=-7 P77 N

The minimum limit of the size: M ;,75/ L76=R3um EIE
Amin=0pasictei=30+(-0.02)=29.98  mm. y AS
The right size is settled between 29.98 “ tfj?m A : r

and 29.993 mm, including size limits.
If the fundamental deviation proves

positive we will draw analogy

between what we have written before.
For example 30s7: the fundamental deviation fd

Fig. 7-6. A scheme of the tolerance zone 30g6.

in accordance with the letter s is +35um =  &5=%6[7 Q
+0.035mm (Table 7-1). The size tolerance is T4=21 % 7772 1
um in accordance with the number 7 of the grade , }P’/ 55,:?
of tolerance (Table 7-2).The lower deviation ei is ~ &=*%5 N
equal to the fundamental deviation fd in this /g_-,g;_-&/:gj
example ei=+35pm. We define the upper deviation . l

es: es=+35+21=+56 um. We can write: 3037(18;822) ¢,3¢?|
or 30305 mm. The maximum limit of size:

Omax=0pasictes= 30+(+0.056)=30.056 mm. The Fig. 7-7. A scheme of the tolerance
minimum limit of size:  zone 30s7.
Aimin=0pasict€1=30+(+0.035)=30.035 mm. The right

size is settled between 30.035 and 30.056 mm including size limits.

Holes standard is analogous to shafts standard but the arrangement of fundamental
deviations is like a mirror and fundamental deviations are marked with a capital letter
(Fig.7-5).

For example, for 30G6 the fundamental deviation is +7 um likely -7um for the shaft
30g6. Lower deviation coincides with the fundamental deviation: El=+7 um. The size
tolerance is Tp=13um. The upper deviation is ES=+7+13=+20um. We can write:
30G6(5007) OF 307506, mm.

There are standards where deviations are already defined. First of all we find the
standard for a hole or a shaft, then we find the necessary grade of a tolerance number.
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After that we find the necessary letter of the fundamental deviation (for example, g6). On
an intersection letter column with a size line we obtain both deviations (for example, 30g6:

-7
2o b £8 020 [N

Sometimes we can use LR v
the mean  deviation: 42 “‘?MJJ‘% S
em=(es+ei)/2 or =7 g
EM=(ES+EI)/2. For VAT

+0.020

example, for 30G6( 007 P

EM=(+0.02+0.007)/2=+0.
0135 mm.

A

In order to reduce Fig. 7-8. A scheme of tolerances zones 30G6 (A) and basic holes H6

quantity of tolerance zone  and H7 (B).
we have to use a tolerance
zone for the preferable
application. These zones are marked in standards.
It is better if the lower deviation of a hole will
be equal to O to reduce the number of cutting tools
such as drills, reamers and others. If the lower
deviation is not equal to 0 we must have cutting
tools of several sizes, for example, 10.1mm,
10.2mm, 10.3mm, etc. When we use the hole
tolerance zone with a zero lower deviation we can
use only the tools with whole millimeters, for
example, 10mm, 1lmm, 12mm, etc. These
tolerance zones are H6, H7, H8, etc. This hole is
called a basic hole.

A hole together with a shaft makes a fit. Fits are

divided into: 1) clearance fits; 2) interference
fits; 3) transition fits.

When we deal with clearance fits a shaft is
always smaller then a hole and we obtain
only clearances between minimum clearance
and maximum clearance (Fig. 7-9). We can
define the tolerance of the fit: Te=Ts= Spax-
Smin= TD+Td-

When we deal with interference fits a shaft
is always larger then a hole and we obtain
only interferences between the minimum
interference and maximum interferences (Fig.
7-10). We can define a tolerance of the fit:
TF=TN: :Nmax'Nmin: TD+Td-

When we deal with transition fits we can

£ £S5=+21
=+/]
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&
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2 Smin=10 3 |ﬁ
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Er=-4/ /ﬂff <
A moy=~48

Fig. 7-9. A scheme of the clearance fit.
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Fig. 7-10. A scheme of the interference fit.

obtain clearances or interferences dependent on an actual size of a hole and a shaft (Fig. 7-
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11). These fits have S, and N We can define a tolerance of the fit: Te= NpactSma=
:TD+TC|.

We can nominate a fit using the hole-basis system of fits or shaft-basis system of fits.

When we nominate a fit using the hole-basis system of fits the hole is made as the basic
hole (H) and we select (pick out) a shaft tolerance zone to this basic hole in order to obtain
the necessary fit.

When we nominate a fit | $mar, gy Nmees Smag

using the shaft-basis system Norar 4]
of fits, the shaft is made as ’ b | 7| At 2

the basic shaft (h) and we ' 72,
select a hole tolerance zone a&*ﬁ*T
to this basic shaft in order to

obtain the necessary fit. Fig. 7-11. A scheme of transitions fits: 1) Tp/Tq1; 2) To/Tq2;

The hole-basis system of 3) To/Tas.
fits is more preferable than
the shaft-basis system of fits.

For example, it is necessary to pick out a fit if the basic size of the fit is 30 mm, the
maximum clearance must be less than 70pum (Spa<70pum ), the minimum clearance must
be more than 10pum (Spi,>10pm).

dp=30 mm, [Spax]=70um, [Spmin]=10um.

1. We define an approximate tolerance of the fit: Tr =Ts=[Smax] - [Smin] = 70-10=60pm.

2. We define an approximate tolerance of the hole and shaft considering Tp=Ty: if Tp+

T4=Tk, that is Tp=T¢/2=60/2=30um. [Tp]=30um.

3. We define the grade of tolerance: a tolerance must be less than 30 um. For d=30 mm

that is number 7 (IT7=21um). For number 8 IT8=33um>[Tp]=30um.

4. We draw the tolerance zone for the hole 30H7.

The letter H we have nominated as we use the  £§=+2/ \Q S
basic hole (a hole-basis system). The lower % 5
deviation is 0, the upper deviation is +21 um. EI=0\ t—% .
5. We Iay_ [SrPax]=7OMm and [Spin]=10pum as it is 2 Td]mifr]ﬂd? E 1 S
shown in Fig.7-12. o o
6. The fundamental deviation must be less than - 820 o 1 =
o ] A & §
10pum and the lower deviation must be larger than J77=1 /7 S
49 um. A shaft tolerance zone must settled between - Bie-bf %g -% =
10pumand -49um, Fig. 7-12.
7. Looking at the fundamental deviation table we B may== 49

define the letter of the shaft tol_erz_;mce zone. This is Fig. 7-12. A scheme of the fit
the letter f (the fundamental deviation fd=-20um). 0HT/FT.
8. We define shaft tolerance: IT7=21 pum.
9. We define lower deviation: ei=-20-21=-41um.
10. We define clearances:
Smin=20pum > [Syin]=10um; Spa=ES-ei= =+21-(-41)=62 u m<[S;a]=70pm.
All conditions are executed.
11. We have defined the fit: H7/f7 or 30H7/f7.



6.5. Control of Surface Finish

The smoothness of a machined surface is determined by a combination of factors
involved in the machining process. Some of the most significant of them include: type and
condition of cutting tool used, rigidness of the machine and setup, type of material being

cut, depth of cut, rate of feed, cutting speed, and kind of

FLAW cutting fluid used. Figure 6-13 shows surface

o ] characteristics involved in measurements of surface finish
quality.

The type of surface required for a given product is
determined by the designer. Such items as bearings, gear
teeth, and pistons must have controlled surface quality.
For example, the surface on a bearing can be excessively
rough or smooth. If it is too rough, it will wear rapidly,
resulting in limited life. If it is too smooth, it will not have
adequate provision for oil pockets and it will be difficult
to keep lubricated, thus again resulting in limited life.

To require a high surface quality where it is not
§ necessary is expensive and unprofitable. Where detailed

= L J ﬁ specifications concerning surface quality are not
VALLEYS ' SPACING

TYPICAL
TRAVERSING
LENGTH

wAviNESS
SPACING
/)\ EWAwNI

HEIGH

indicated, it means that the surface normally produced by
that particular kind of machine operation is adequate.

The machinist must produce machined surfaces which
Fig. 6-13. Surface characteristics. ~ meet specified standards of quality, and must be able to

interpret the surface quality specifications indicated on
drawings and blueprints. The machinist also must know how to determine whether
machined surfaces meet surface quality specifications.

All machined surfaces, including those which appear to be very flat and smooth, have
surface irregularities. Under high magnification, scratches or grooves in the form of peaks
and valleys are revealed. These irregularities may or may not be superimposed on larger
waves. Such complex factors as height, width, and direction of surface irregularities
determine surface texture. They are specified with standard symbols on drawings.

The following terms related to surface texture have been defined by the American
National Standards Institute (ANSI) and have been extracted from ANSI B46.1-1978 with
the permission of the publisher:

Surface texture. Repetitive or random deviations from the nominal surface which form
the three-dimensional topography of the surface. Surface texture includes roughness,
waviness, lay, and flaws.

Profile. The profile is the contour of a surface in a plane perpendicular to the surface,
unless some other angle is specified.

Centerline. The centerline is the line about which roughness is measured and is a line
parallel to the general direction of the profile within the limits of the sampling length, such
that the sum of the areas contained between it and those parts of the profile which lie on
either side are equal.

ROUGHNESS SAMPLING LENGTH
OR CUTOFF
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Fia. 6-14. Short section of hypothetical profile divided into increments.

Roughness. Roughness consists of the finer irregularities in the surface texture, usually
including those irregularities which result from the inherent action of the production
process. These are considered to include the traverse feed marks and other irregularities
within the limits of the roughness sampling length.

Roughness average. Roughness average is the arithmetic average of the absolute
values of the measured profile height deviations taken within the sampling length and
measured from the graphical centerline, Fig. 6-1. Roughness average is expressed in
micrometers.

1L 1
Ra:ZZb}i :7J|y(x)|dx, (6.1)
i=1 0

Roughness sampling length. The roughness sampling length | is the sampling length
within which the roughness average is determined. This length is chosen, or specified, to
separate the profile irregularities which are designated as roughness from those
irregularities designated as waviness. Roughness sampling length is measured in
millimeters. Standard values are (mm): 0.08 (Ra<0.025um), 0.25 (0.025<Ra<0.4), 0.8
(0.4<Ra<3.2), 2.5 (3.2<Ra<12.5), 8 (12.5<Ra<100).

Height of the profile roughness on ten points. Height of the profile roughness on ten
points is a sum average absolute values of the 5 highest peaks and of the 5 depthest valleys
taken within the sampling length and measured from the graphical centerline. Roughness
IS expressed in micrometers.

L oIS ] A

Roughness spacing. Roughness spacing is the average spacing between adjacent peaks
of the measured profile within the roughness sampling length. Roughness spacing average
is expressed in millimeters.

:%i&, 6.3)



Roughness spacing on the centerline. Roughness spacing on the centerline is the
average spacing measured on the graphical centerline of the measured profile within the
roughness sampling length. Roughness spacing average is expressed in millimeters.

Sm = %ZSmi, (6.4)
i=1

Relative profile length. This parameter is measured on the specified level p relatively
the centerline, and p is calculated in percents (5%, 10%, 15%, 20%, 25%, 30%, 40%, etc.)
relatively Ry Relative profile length is expressed in %.

= %im, (6.5)
i=1

Cutoff. The cutoff is the electrical response characteristic of the roughness average
measuring instrument which is selected to limit the spacing of the surface irregularities to
be included in the assessment of roughness average. The cutoff is rated in millimeters.

Waviness is the more widely spaced component of the surface texture. Unless
otherwise noted, waviness is to include all irregularities whose spacing is greater than the
roughness sampling length and less than the waviness sampling length. Waviness may
result from such factors as machine or work deflections, vibration, chatter, heat treatment,
or warping strains. Roughness may be considered superimposed on a «<wavy» surface.

Waviness height. The waviness height is the peak-to-valley height of the modified
profile from which the roughness and flaws have been removed by filtering, smoothing, or
other means. The measurement is to be taken normal to the normal profile within the limits
of the waviness sampling length and expressed in millimeters.

Waviness spacing. The waviness spacing is the average spacing between adjacent
peaks of the measured profile within the waviness sampling length.

Lay. Lay is the direction of the predominant surface pattern, ordinarily determined by
the production method used.

Flaws. Flaws are unintentional irregularities which occur at one place or at relatively
infrequent or widely varying intervals on the surface. Flaws include such defects as cracks,
blow holes, checks, ridges, scratches, etc. Unless otherwise is specified, the effect of flaws
shall not be included in the roughness average measurements. Where flaws are to be
restricted or controlled, a special note as to the method of inspection should be included on
the drawing or in the specifications.

Application of Surface Finish Symbols

Surface quality is designated with a surface finish symbol and ratings. The symbol is
similar to a check mark, but with a horizontal extension line added, Fig.6-15. The long leg
of the check-like symbol is to the right as the drawing is read. If only the roughness height
Is designated, the horizontal extension line may be omitted.

The point of the surface symbol is located on the line indicating the surface specified. It
also may be located on an extension line or leader pointing to the surface specified, as in
Fig. 6-15. Symbols used with the surface symbol to indicate lay are shown in Table 6-1.

Surface quality ratings for various characteristics such as roughness, waviness, and lay
are positioned specifically in relation to the surface symbol. The relative location of these
specifications and ratings is indicated in Table 6-2.

Designations for Roughness Height

The roughness average, according to the ISO standard, is expressed in micrometers as
the simple arithmetical average (AA) deviation, measured normal to the centerline. In
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previous standards the roughness height was expressed in micrometers as the root mean
square average (RMS) deviation, measured normal to the centerline. Certain instruments
are equipped with a selector switch for selecting either the RMS or the AA reading.

Table 6-1. Lay symbols.
Lay Meaning
symbol

Lay approximately parallel to the line representing the surface to which
the symbol is applied.

J_ Lay approximately perpendicular to the line representing the surface to
which the symbol is applied.

Lay angular in both directions to the line representing the surface to
which the symbol is applied.

M | Lay multidirectional.

C | Lay approximately circular relative to the center of the surface to which
the symbol is applied.

R | Lay approximately radial relative to the center of the surface to which
the symbol is applied.

P | Lay particulate, nondirectional, or protuberant.

Roughness measuring instruments calibrated for AA values will indicate approximately
11 percent lower for a given surface than those calibrated for RMS average values.
However, because the absolute limit of roughness for satisfactory functioning of a surface
is indefinite, many manufacturers adopt AA ratings without changing the RMS values
indicated on older drawings. For most surface measurement applications, the difference
between the two values is of no consequence.

In order to eliminate error or confusion in the use of various stylus instruments,
standards are included in ANSI B46.1-1978. For instruments indicating a numerical value
only, a spherical-tip stylus with a 10 micrometer (400 microinch) radius tip is standard.
The accuracy of instruments for surface roughness measurement should be checked
periodically by measuring a precision reference specimen.
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Fig. 6-15. Application of surface finish symbols.



