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INTERNATIONAL STANDARD

1SO 5166-1982 (E)

System of cone fits for cones from C = 1: 3 to 1 : 500,
lengths from 6 to 630 mm and diameters up to 500 mm

0 Intrdduction

This Interrjational Standard is derived from 1SO 286, and is a
complemept to 1ISO 1947 and 1SO 1119.

The annex dealing with the effect on the cone fit of the de-
partures the internal and external cones, from the basic
cone, has|been provided for information only, and is not an
integral part of this International Standard.

1 Scope and field of application

This Interrjational Standard applies to cones which are dimen-
sioned anfl toleranced according to Method 1, Basic Taper
method of 1SO 3040; this means that the tolerances limit the
variation of penetration of mating surfaces, each surface being
within twd limiting profiles of the same taper corresponding to
the maximum material condition (MMC) and the least material
condition [LMC). For dimensioning and tolerancing conés.en
drawings, [see 1SO 3040. :

2 References

1SO 286, [SO system of limits and fits \= Part 1 : General,
tolerances|and deviations.1)

ISO 1119, |Series of conical tapers.and taper angles.

ISO 1947,| System of cone ‘tolerances for conical workpieces
from C =|1: 3 to 1: 500%and lengths from 6 to 630 mm.

1SO 3040, |Technical-drawings — Dimensioning and toferancing
cones.

The axial position of the conical workpiece$ with respect to
each other for obtaining the required, ciearange or interference
of the cone fit in the final position of the assembled conical
workpieces can be made by different methods. These are
al by constructional formation;
b) ~ by dimensional location;

¢) by an actual axial displacement; .

d) by‘@n dctual axial displacement with adefined assembly
force:

3:1“ Constructional formation

A cone fit resulting from the constructional|formation of the
workpieces to be assembled (see figure 1).

The axial position of the cones relative to each other in the final
position (see 4.5.2) is determined by the fofm of the conical
workpieces. Figure 1 shows a clearance cong fit in which the
workpiece with the external cone has a collgr which contacts
the surface of the workpiece with the interngl cone. This type
of construction is also valid for an interfererice cone fit when
the workpiece with the internal cone must be|pressed on to the
workpiece with theexternal cone in order tq make contact at
the collar. )

3.2 Dimensional location

A cone fit made by the assembly of the conical workpieces to a
predetermined axial position relative to each pther, irrespective
of the actual size of the mating cones {see f|gure 2).

The fin relative to each

3 Formation of cone fits

A special feature of cone fits is that clearances and in-
terferences are made by defining the axial position of the
assembled internal and external cones with respect to each
other. The conical workpieces to be assembled are manufac-
tured separately according to the tolerance zones indicated for
their common basic cone diameter. Because of the methods of
manufacture @ hole basis system of fits is recommended.

1) At present at the stage of draft. {Revision of ISO/R 286-1962).

other is specified on the drawing (see figure 2} and, if need be,
marked on the internal cone and on the external cone.

3.3 Axial displacement
A cone fit made by axial displacement of the (actual) cones

with respect to each other by a fixed amount, starting from the
actual starting position (see 4.5.1.3).
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In order to reach the required clearances or interferences of the
cone fit, the necessary axial displacement (dimension E, in
figure 3 for the example of an interference cone fit) is indicated
from the actual starting position.

3.4 Axial displacement with a defined assembly
force

A cone fit made by displacement of the actual cones using a
defined assembly force from the actual starting position (see
figure 4).

4.4 Definitions for constructional and
dimensional location cone fits

4.4.1 variation of cone diameter fit (7pp) : The tolerance
of the fit; it is the possible variation of the diametral clearance
and/or interference between the -conical workpieces to be
assembled and is the absolute value of the difference between
the maximum and minimum clearances and interferences
respectively, (see figures 1 to 6).

Tor = Smax —Smin O Umax ~ Unin

For an interference cone fit, the final position of the assembled
conical wofkpieces relative to each other is reached. on
assembly by a defined axial force (Fy).

4 Definitions

The definitigns used for cylindrical fits in 1SO 286 are also valid
in this Interhational Standard.

Definitions flor cones, cone dimensions and cone tolerances are
given in 1SQ 1947.

4.1 cone ffit : The relationship resulting from the difference
on assembly between the cone diameters of conical workpieces
(internal cone and external cone) having circular sections and
the same bdsic cone angle o or the same rate of taper C.

The definitign for a cone fit with a circular section is also ap-
plicable for {aper workpieces with other sections, for example;
prismatic pgrts, wedges, etc.

4.2 charaﬁter of a cone fit : Defined by clearances or in-

terferences measured normal to the cone axis.

The clearanges and interferences: are effective normal to the
conical surfgces, but are indicated and measured normal to the
cone axis. The differences between the values shown normal to
the cone sufface on the one hand-and normal to the cone axis
on the othel are negligible for_cenes with rates of taper up to
1 : 3 and caf be ignored for-practical purposes.

4.3 Axial|ldisplacement for smgle conical
workpiecés

4.3.1 axial| 'displacement (EN): The calculated axial

where 5, and S, are the maximum and miRimum diametral
clearances respectively and Uy, and Ugi, afe the maximum
and minimum diametral interferences réspectively.

The variation of cone diameter fitis’equal to|the sum of the
cone diameter tolerances of the internal cone T}, and the exter-
nal cone Tp i.e. :

Tpp = Tp; + T

4.4.2 axial displacement for cone assemblies (EP) : The
axial displacemient of the conical warkpieces tp be assembled
with- respect/to” each other; it is the algebric sum of the
calculated.displacements EN; of the internal cpne and EN, of
the external cone (referred to the basic cone).

4421 minimum axial displacement| for cone
assemblies (EP, ;) : The displacement whigh is calculated
from the sum of EN,,, of the internal cone and ENg,,;, of the
external cone.

EPmin ENlmm + ENemin
NOTE — For the basic hole system, ENji, = 0
4.4.22 maximum axial displacement for cone
assemblies (EP,,.) : is the displacement whigh is calculated
from the sum EN,,,, of the internal cone and ENgp,, of the
external cone :
EPpax = ENjmax + ENgmax
1

NOTE — For the basic hole system, EN jna, = el A IT

4.5 Definitions for axial displacement type cone
fits

45.1 startmg position {P) : The axnal positiop of the conical

distance of the cone with regard to the basic cone [see Tigures
5a) to 5d)].

It has importance only for the calculation of the axial displace-
ment for cone assembilies (see 4.4.2).

4.3.1.1 minimum axial displacement (EN,;,): That
displacement relative to the basic cone which is calculated from
the fundamental deviation for the basic cone diameter.

4.3.1.2 maximum axial displacement (EN,,J): That
displacement relative to the basic cone which is calculated from
the fundamental deviation and the tolerance for the basic cone
diameter.

workpieces-with-respecttoeachotherat-whicth the cones con-

tact without force.

4.5.1.1 limit starting positions (P, and P,) : Those extreme
axial positions of the conical workpieces to be assembled with
respect to each other which are calculated from the limit cones
at contact without force, the limit cones being those (extreme)
cones having basic cone angle and cone dlameter tolerances
Tp; and Tp, respectively.

The limit starting positions are calculated from the assembly of
the smallest possible internal cone with the largest possible
external cone on the one hand, and the largest possible internal
cone with the smallest possible external cone on the other
hand, (see figure 7).
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45.1.2 tolerance on the starting positions (7} : The max-
imum axial distance between the reference planes of the inter-
nal cone and the external cone relative 10 each other, resulting
from the calculated limit starting positions P; and P, (see
figure 7.

The tolerance Tp of the starting position is calculated from

1
Tp =z (Tp; + Tpe

45.1.3 actual starting position (P,) : The axial position of
the actual_cones (internal cone and external cone) relative to

ISO 5166-1982 (E)

dicated for the basic cone diameter in a reference plane normal
to the cone axis. Figures 5a) to 5c) show for the hole basis fit
system the possibilities of axial displacements EN of the exter-
nal cones relative to the basic cone for each of the 1ISO symbols
for the cone diameter tolerance zones. Figure 5d) shows the ax-
ial displacement for an internal cone with tolerance position H
{i.e. basic hole).

These displacements EN are of importance for the calculation
of the axial displacement of two conical workpieces relative to
each other. Using the tolerance system of (SO 286, for the
basic cone diameter of a cone fit, the following axial

each othér at which they contact without force (see figures 3
and 4).

NOTE — Tlhis parameter is important in the production of cone fits and
must lie within the limit starting positions P4 and P {(see figure 7).

45.2 f| al position {Py) : That axial position prescribed for
the conichl workpieces with respect to each other in the final
state in wWhich the required clearances or interferences exist.

4.5.3 agsembly force (F,) : The force to be applied axially in
the assenpbly of the conical workpieces starting from the actual
starting ppsition in order to reach a defined interference cone fit
in the finpl position of the cones (see figure 4).

45.4 axial dlsplacement for assembled cones (E,) : The
algebraic difference measured axially between the separation of
the referdnce planes of the internal and external cones respec-
tively at the actual starting position (P,), and the separation of
the refergnce planes at the final position (P;) required for the
cone fit (figure 3 gives an example of an interference conefit).

nt of the axial displacement E, depends on ‘the rate of
both conical workpieces to be assembled.

inimum axial displacement){E,.;,} : The axial
ent giving the minimum clearance and the minimum
ce respectively in the final ‘position of the conical
s {figure 6 gives an eXxample of an interference cone

aximum axial displacement (E,,} : The meas-
displacement giving the maximum clearance or the

maximunp interferénce respectively in the final position of the
conical Wworkpieces (figure 6 gives an example of an in-
terferenceg cone fit).

displacements (EN) result :

a) A displacement EN7 [see figures 5b) and 5d) and table
1] resulting from the standard;tolerance [T

1
ENT =—Xx IT
C

b) Minimum(Oand maximum displacements ENgyn,
ENgmax [see figure 5a) and 5c) and tables 1 and 2}, a
combination of the fundamental deviatioh and the standard
tolerance

1
ENgrmin = ") x fundamental deviation

ENemax = ENgmin + ENgt

¢} Minimum and maximum displacerhents ENi, and
EN;nx [see figure 5d) and table 1] for| the internal cone
resulting from the standard tolerance I7T jonly since the fun-
damental deviation for the basic hole is gero.

ENigin = 0

ENimax = ENit

5.2 Axial displacement type cone fits

5.2.1 Axial displacements (E,) from the actual starting
position (P,)

From the actual starting position {P,) the axfal displacement of
the internal cone relative to the external cone results in a

45.4.3 tolerance on the axial displacement (7¢) : The dif-
ference between the minimum and maximum axial displace-
ments (see figure 6), i.e.

Tt = Eymax — Eamin

5 Calculatidn of axial displacements for
the hole basis system of cone fits

5.1 Axial displacement of the single conical
workpiece (EN) with regard to the basic cone

For each of the conical workpieces to be assembled, the ubper
and lower deviation and the ISO symbol respectively is in-

/ing apart) or an in-
terference fit (negative displacement i.e. forcing together).

For a clearance fit, the minimum axial displacement giving the
minimum clearance is

1
Eamin = _C— X Strin

and the maximum axial displacement giving the maximum

clearance is

1
Eymax =—C-X Snax ‘


https://standardsiso.com/api/?name=bcb9d8bc105f071cb8c3ada5c755612f

1SO 5166-1982 (E)

For an interference fit, the minimum:axial displacement giving
the minimum. interference (to obtain the necessary securing
force) is

Eamin =E X Unin

and the maximum axial displacement giving the maximum in-
terference with regard to the strength of the cone fit is

1
Eomax = X Unax

placements (EN;) referred to the basic cone, of the internal
cone and (EN,} of the external cone.

Minimum displacement EP,;, = ENgnin
Maximum displacement EP, ., = ENjpax + ENgmax
= ENi + ENet + ENgrin

The values given in tables 1 and 2 for ENy and ENg,,i, respec-
tively are derived for cones with arate of taper C = 1 : 10 from

A%

NOTE — The|maximum interference U, can be reduced in order to
avoid an excepsive maximum displacement E, in regard to fabrication.

5.2.2 Tolefance (T¢) of the axial displacement (E,)

Starting from the actual starting position P, the displacement
to be used ih order to reach the required cone fit must lie be-
tween E, ..|and E,., calculated according to 5.2.1, i.e. the
tolerance Te = Eznax — Eamin:

Because of the uncertainties in manufacturing the cones and in
measuring the displacement, it is recommended that the
calculated displacement E,;, be slightly increased, and also
E,nax slightly reduced. In so doing, the actual tolerance T,
resulting frof E, .. —E,., is reduced in practice.

5.3 Dimensional location type cone fits

5.3.1 Axial displacement (EP) of the conical workpieces
to be assembled with each other (fit displacement)

The axial digplacement (EP) of the conical workpieces with
respect to edch other is the algebraic sum of the calculated dis-

the-values—oftTgrades—and—fundamental-devjations given in
1SO 286.

For cones with rates of taper othefthan C =|1: 10, the ap-
propriate axial displacement for therequired tqlerance class is
calculated from tables 1 and 2\and then multiplied by the con-
version factor for the required rate of taper givien in table 3.

Table 1 gives the axial displacement (ENy) of the internal and
external cones with regard to the basic cone| resulting from
tolerance grades IT 0 to IT 16 as given in SO 286. The values
apply for cone rates of taper C = 1: 10; th¢y are given in
micrometres for tolerance grades up to IT 5 and millimetres for
tolerance grades IT 6 to IT 16 inclusive.

Table 2 gives the axial displacement (ENyy,) [of the external
cone with regard to the basic cone resulting| from the fun-
damental deviations a to zc given in 1ISO 286 fol the basic cone
diameter of an external cone with a rate of taper C = 1: 10,

Table 3 gives the conversion factors to be appligd to the values
given in tables 1 and 2 for the axial displacement of all rates of
taper {other than C = 1: 10) given in 1ISO 111p.
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6 System of cone fits

Internal cone

3l . — = R
) :,E e . y )
’ =2 SO S T
™ [‘——_‘—_‘_ |
e * — \ *:;
(& e /o o

Figure 1 — Cone clearance fit made by constructional formation
{Final position P; fixed by cohtact at a collar)

External cone

Datum planes

o
0

[ LS [ LLLLS
. |

— -

Cone interference fit made by pressing in to a defined dimension

Figure 2 —
{Final position P; fixed by distance a)
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igure 3 — Cone interference fit made by a defined axial'displacement of the cones with respédct
to each other from the actual starting position P,
(Pressing in and on respectively by a defined displacement E,)

./l//——— Final position
Force F I

‘A |

Actual starting

position _\ / /iV/

!
—

Figure 4 — Cone interference fit made by a defined force of assembly from the actual starting position P
(Pressing in and on respectively by a defined force of assembly F)
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Figure 5 — Axial displacements EN of the single conical workpie

d) Internal cone — Position of deviation H

ce with regard to the basid cone (basic displacement)
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Figure 6 - Maximum and minimum interference of a cone interference fit made by a defined axial displacement
of the cones with respect to each other from théactual starting position P,
(Pressing in and on respectively by displacement Eamin and E, . respectively)

Limit starting position

{Largest internal cone
on smallest external cone)

Limit starting position
/
P
(Smallest internal.cone v
on largest external.cone)

L Datum\ Planes —mer—— i

ZA min : TP

ZA max

Figure 7 — Limit starting positions
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Table 2 — Axial displacement EN, ., of the external cone with regard to the basic cone resulting from the fundamental

amin
Devigtion a | b [ c Joed [ d [ e [ef | ¢ T [ g b j
Tolerance Irs
grade All IT grades nd IT?7 IT8
Range of ire
cone diametefs
Over to3 + 27| +14] +06+034|+02i{+014]+01 |+006][+0,04]|+ 0,02 0 +[0,02 | + 0,04 | + 0,06 '
3 6 + 27| +14| +071+046}1+030};+02 |+0,14]+0,1 |+006]+004 0 +[0,02 | + 0,04 -
6 10 + 28| +151 +08(+05|+040)+025]+ 08|+ 0,13 | + 0,08-\+ 0,06 0 +10,02 | + 0,06 -
10 14 )
” v + 29 +15] +09| - +050 |+ 032 - + 0,16 = + 0,06 0 +10,03 | + 0,06 -
| 18 24
+ 3 + 16 { + 11 - + 065+ 04 — +,0,20 - + 0,07 0 +(0,04 | + 0,08 —
24 30
30 40 + 31 +1,7 | +12 '
— +08 |+ 05 — + 0,25 - + 0,09 0 +10,06 | +0,1 —
40 < B0 + 32 +18 1) +13 .
50 65 + 34| +19( +14
- +1 + 0,60 — + 0,3 - + 0,1 0 +10,07 | + 0,12 -
65 80 + 36| +2 + 1,8 i‘ ~
80 100 + 38] +22] +17 =
- + 1,25+ 0,72 — + 0,36 — + 0,12 0 +H +0,09 ; + 0,15 -
100 120 + 41| +24 | +18 "
120 140 + 46| +26 | +2 Z“’
140 160 + 52| +28 | + 21 — + 1,46 | + 0,85 — + 0,43 - + 0,14 0 = +0,11 { + 0,18 -
160 180 + 58] +31 ) +23
180 200 + 66| +34 | +24
200 225 + 74| +38 ]| +26 — + 17 [+1 - + 0,50 — + 0,15 0 +0,13 | + 0,21 -
225 250 +.82| +42 ) + 28
250 280 + 92| 48| +3
- +19 |+ 1,1 - + 0,56 — + 0,17 0 + 0,16 | + 0,26 -
280 315 + 10,5 \N+54 | + 33
315 355 + 42 +.6 + 3,6
— +21 [+ 125 - + 0,62 — + 0,18 0 +0181+ 0,28 —
355 400 +#135| +68{ + 4
400 450 + 15 +76 | + 44
- |[+23 |+13 - + 0,68 - + 02 0 + P20+ 0,32
450 500 + 16| +84 | + 48
NOTES

1 The signs associated with the value given in this table are reversed with respect to the relevant diametral values given in 1SO 286.
Therefore : )

+ means the external cone has an axial clearance with regard to the basic cone;

— means the external cone has an axial interference with regard to the basic cone.

2 For cones other than C = 1 : 10 the above values for the fundamental deviations should be multiplied by the appropriate conversion factor given in
table 3.

10
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deviations a to zc according to I1SO 286 for the basic cone diameter of the external cone for rate of taper C = 1:10

Dimehsions in millimetres
k m [ n l p l r J s l t l u [ v J X I y r 2 ] za | b I zc
IT 01 iT4
to to All IT grades
iT3 T2 :
0 0 -0,02 -0,04 - 0,06 -0,1 -0,14 — -0,18 — ~0,20 = ~0,26 -0,32 -04 -0,6
-0,q1 -0,04 -0,08 ~0,12 -0,15 -0,19 - -0,23 — -0,28 L= -0,35 v -0,42 ~-05 -0,8
0 ~0,01 -0,06 -0,1 ~0,15 -0,19 -0,23 - -0,28 — -0,34 - -0,42 -0,52 ~0,67 V -0,97
-0,33 — 0,4 — -0,6 -0,64 -0,9 -1,3
0 -0,01 -0,07 -0,12 -0,18 | ~0,23 -0,28 - - -
-0,33 ~0,39 —0,45 — -0,6 -0,77 ~1,08 -15 ,
— ~-0,41 - 0,47 -0,54 -0,63 -0,73 -0,98 -1,36 -1,88
0 -0.02 -0,08 -0,15 -0,22 ~0,28 -0,36 -
-0,41 ~0,48 - 0,55 -0,64 -0,75 -0,88 -1,18 -1,6 -2,18
-0,48 -0,6 -0,68 -0,8 -0,94 -1,12 -1,48 -2 -2,74
0 -0,42 ~0,09 -0,17 -0,26 -0,34 -0,43
-0,54 -07 -0,81 -0,97 ~1,14 -1,36 -1,80 ~-2,42 -3,26
T 0,41 -0,53 -0,66 =0,87 -1,02 -1,22 ~-1,44 ~1,72 -2,256 -3 ~4,056
0 -0,02 ~0,11 -0,2 -0,32 -
-0,43 -0,59 -0,75 -1,02 -1,2 - 1,46 -1,74 -~2,1 -274 -3,6 ~4,8
i -@,51 -0,71 —0,91 -1,24 -~ 1,46 -1,78" -2,14 ~2,58 -3,35 —4,45 ~5,85
0 -0,03 -0,13 -0,23 -0,37
-0,54 -0,79 -1,04 - 1,44 -1,72 -2,10 ~2,54 ~3.1 -4 ~5,25 ~6,9
-0,63 -0,92 -1,22 -1,7 ~2,02 -2,48 -3 ~3,65 —-4,7 -6,2 -8
0 -0,03 -0,15 ~-0,27 -0,43 ~0,68 ~1 -1,34 -1.9 ~2,28 -2,8 —-\3,4 -4,15 -5,36 -7 -9
-0,68 ~1,08 - 1,46 -2,1 -2,52 -~3,1 -3,8 —4,65 -6 -7.8 -10
£0,77 -1,22 -1,66 ~2,36 -2,84 -3,5 -4,25 -5,2 -6,7 -8,8 -1,5
0 -0,04 -0,17 ~0,31 -0,5 0,80 ~1,3 -1,8 -2,58 -3,1 -3,85 -4,7 -5,78 ~7.4 -9,6 ~12,56
-0,84 -1,4 - 1,96 —2,84 -3,4 ~-4,25 ~5,2 -6,4 -82 -10,5 ~-13,5
-0,94 - 1,68 -2,18 -3,16 -3,86 - 4,75 -5,8 -7.1 -9,2 -12 ~15,5
0 ~0,04 -0,2 -0,34 ~0,56
-0,98 -1,7 ~2,4 -3.5 —4,25 -5,25 -6,5 -7,9 -10 ~13 ~17
-1,08 -1,9 -~ 2,68 -39 -4,75 -5,9 -73 -9 -11,5 -15 -19
0 -0,04 -0,21 ~0,37 -0,62
~1,14 -2,08 ~2,94 -~4,35 -5,3 -8,6 -8,2 -10 -13 -16,5 -21
-1,26 -2,32 -3,3 -49 -5,95 -74 -9,2 -1 -14,5 -18,6 -24
0 -0,05 -0,23 -0,4 ~-0,68 - L
-1,32 -2,52 ~3,6 -5,4 -6,6 -8,2 ~10 -12,5 ~16 =21 - 26
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Table 3 — Conversion factors to be applied to the values given in tables1 and 2
for the axial displacement of all rates of taper other than C = _1:.10
Cones for general use Cones for special cases|
Nominal value Rate of taper Conversion Nominal Rate of taper Conversion
Series 1 Series 2 c factor value C factor
120° —_ 1:0,288 675 0,029 182/30' 1:3,070 115 0,3
90°. - 1 : 0,500 000 0,05 11° 54/ 1: 4,797 451 0,48
— 75° 1:0,651 613 0,065 8° 40’ 1:6,598 442 0,66
60° - 1:0,866 025 0,086 7° 1:8,174 928 0,82
45° - 1:1,207 107 0,12 7:24 1:3,428 571 0,34
30° - 1: 1,866 025 0,186 1:9 - 0,9
1:3 — - 0,3 1:12,262 : - 1,2
- 1:4 - 0.4 1:12,972 - 1,3
1:5 - - 05 1:15,748 - 1,57
— "1:6 — 0,6 1:18,779 - 1,8
- 1:7 — 0,7 1:19,002 - 1,9
- 1:8 - 0,8
’ 1:19,180 - 1,92
- 1:12 = 1,2 : 1:19,212 — 1,92
— 1:15 — 1,5 1:19,254 — 1,92
1:20 : - - 2 1:19,264 - 1,92
- 1:30 - 3 1:19,922 - 1,99
1:50 - - 5 1:20,020 — 2
1:100 — -~ 10 120,047 - 2
1:200 “ — 20 1:20,288 - . 2
1: 500 — — 50 1:23,904 — 2,4
The rates of taper correspond to 1ISO 1119.
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Annex

Effect on the cone fit of departures of the internal and
external cones from the basic cone

A.1- Effect of cone diameter tolerances

Minimum cone angle clearance = minimum- internal cone
angle minus maximum external cone angle. ‘

A.1.1 Cone diameter tolerance (Tp)

Applicatioh of the cone diameter tolerance as given in sub-
clause 3.3.2 of ISO 1947 means that each individual internal
and exterfal cone must conform to their respective maximum
material cpndition (MMC) and least material condition (LMC)
boundaries over the whole length of the cone, and therefore
the designed fit will be achieved throughout the whole cone
length.

A.1.2 Qone diameter tolerance (Tpg) in a defined
section

Application of the cone diameter tolerance in a defined section
as given ih sub-clause 3.3.5 of 1S0 1947 means that each in-
dividual internal and external cone must conform to the max-
imum and minimum (diametral} limits in a specifically defined
section ofly, and therefore the maximum material condition
(MMC) av]‘d least material condition (LMC) boundaries may be
exceeded [in other sections of the cones.

A.2 Eifect of cone form tolerances

All departures from circular form of the section and from the
straightnelss of the generator are included in the cone diameter
tolerance |(Tp). They affect the guality of the contact of the
assembled conical workpieces at.the conical surfaces and must
be taken ihto account in designIf the possible extremes of cir-
cular forn} and straightness cannot be tolerated for functional
reasons then the cone diameter limits must be reduced, either
by changing the cone\diameter tolerance appropriately or by
separately specifying’ tolerances on circular form and
straightness.

Samin = imin — Pemax

ATp = (Gimax — %omin) — (@imin = emax!
thus

ATp = Symax — Somis
The variation of cone.angle is equal to the|sum of the cone
angle tolerances of'the internal cone AT; gnd external cone
AT,.

ATp AT, + AT,

A4, Effect of cone angle tolerance

The cone angle tolerance (AT;) for the internal cone and (AT}
for the external cone affect the unifornity of the clearance or
interference respectively and also the degreg of contact at the
conical surfaces and the alignment of the gssembled conical
workpieces over the length of the conical syrfaces.

Furthermore the cone angle tolerances detgrmine, dependent
upon the relationship with the basic cone ahgle, whether the
first contact between the surfaces of the conlical workpieces to
be assembled is at the large or small cone dlameter, or on the
whole conical surfaces.

For interference cone fits, the cone angle [tolerances should
decrease corresponding to the designed intgrferences in order
to obtain as great a contact length as possible between the
conical surfaces. The relation between the gontact length (L.}
with respect to the fit length (L) is zero at the moment of the
first contact [see figure 8a)l. This increages after pressing
together the workpieces through intermedigite values smaller
than 1 [see figure 8b}], until after further pregsing, the relation-
ship _at the full contact length reaches the value 1 [see

A.3 Variation of cone angle fit (A7)

The  tolerance of the cone angle between the conical
workpieces of the cone fit; it is the possible variation of the

~ {cone) angle clearance and/or interference between the conical
workpieces 1o be assembled and is the absolute value of the dif-
ference between the maximum and minimum (cone) angle
clearance and interferences respectively.

Maximum cone angle clearance = maximum internal cone
angle minus minimum external cone angle.

Somax = Fimax — Xemin

figure 8cl].

If the external cone is pressed in further, full contact is main-
tained but there is interference at position x [see figure 8d)}
which results in an effective L; value, which is larger than one.

A.4.1 Effect of cone angle tolerances having the
same value and the same signh symbol for internal
cone and external cone

The first contact between the conical workpieces to be
assembled depends on the actual cone angles and occurs either
at the small cone diameter or the large cone diameter (see
figures 9 and 10).
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If the basic cone angle & of the internal cone and of the external
cone is indicated on the drawing with the same sign symbol
(+ see figure 9, or + or — see figure 10) and with the same
amount for the angle tolerance (4 7), then the maximum varia-
tion of cone angle fit (AT}), i.e. the possible variation of the
angle of fit between the internal cone and the external cone is
2 AT.

A.4.2 Effect of cone angle tolerances having the
same value and opposite sign for internal and
external cone :

The tolerance indications + AT; for cone angle a of the inter-
nal cone and — AT, for the cone angle a of the external cone
result in a first contact at the small cone diameter or on the
whole conical surface [see figure 11a)].

The tolerance indications —~ AT; for the cone angle  of the in-
ternal cone and + AT, for the cone angle & of the external
cone result in a first contact at the large cone diameter or on
the whole conical surface [see figure 11b)l.

In this case the maximum variation of cone angle fit (A7), i.e.
the possiblg variation of angle of the fit between the internal
cone and the external cone is likewise 2 AT.
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