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Foreword

This standard makes reference to the following British Standards:

BS 2045, Preferred numbers.

BS 4114, CM. Special slide rule for calculating tolerances (Metric units).
BS 4114, CI. Special slide rule for calculating tolerances (Inch units).

This British Standard has been authorized by the Iron and Steel Industry

Standards Committee. It is based on the co-operative project undertaken by the
French, German and United Kingdom Drop Forging Associations.

Due acknowledgement is made to the work of the National Association of Drop
Forgers and Stampers who were the instigators of the work which resulted in the
proposals being prepared by the Special Tolerances Committee set up by the
“Euroforge” Technical Committee.

A British Standard does not purport to include all the necessary provisions of a
contract. Users of British Standards are responsible for their correct application.

Compliance with a British Standard does not of itself confer immunity
from legal obligations.

Summary of pages

This document comprises a front cover, an inside front cover, pages 1 to vi,
pages 1 to 35 and a back cover.

This standard has been updated (see copyright date) and may have had
amendments incorporated. This will be indicated in the amendment table on the
inside front cover.
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Section 1. Dimensional tolerances for steel drop and

press forgings
Scope

This British Standard specifies the dimensional and
quantity tolerances for steel drop and press forgings
and for upset forgings made on horizontal forging
machines.

The tables showing dimensional tolerances in the
British and metric system of measurement are not
direct conversions as both are based on the R20
series of preferred numbers?.

1 General remarks — drop and press
forgings

1.1 Scope of Section 1. This section applies to hot
drop forgings, as delivered, made in carbon and
alloy steels under hammers and presses. The
tolerances specified apply to forgings not
exceeding 250 kg (560 1b) in weight

or 2 500 mm (100 in) maximum dimension.
Tolerances for heavier or larger forgings are subject
to negotiation.

The tolerances shown in this section cover both
forgings to normal requirements and forgings to a
closer range of tolerances. However, there are
certain to be occasional instances which necessitate
the use of tolerances wider than those indicated,
e.g. specially complicated designs and steels having
particularly difficult forging characteristics. In such
cases these standard tolerances can form only a
basis on which to agree modifications appropriate to
the particular circumstances.

Reference is made under “Special tolerances” to the
procedure for dealing with requirements for
tolerances closer than those given in the standard.

1.2 Tolerance grades. Alternative grades, F and
E, of tolerances are provided for the various
categories of dimensions as follows.

Quality F represents normal manufacturing
standards for the production of steel drop forgings.
This quality level can be achieved only by the use of
sound production techniques and provides adequate
dimensional accuracy for most applications.

Quality E provides closer tolerances to assist in
accommodating those instances in which the normal
manufacturing standards are inadequate. While
quality E (close) tolerances may be applied to all
dimensions on one forging, it is more economical to
apply them only to those specific dimensions on
which closer tolerances are essential. This quality
should not be specified unless the additional forging
cost entailed can be justified by a consequent saving
in overall cost.

1) BS 2045 “Preferred numbers”.

1.3 Special tolerances. The standard does not
include ranges of special tolerances. Such
requirements usually necessitate supplementary
operations, e.g. hot or cold coining.

Considerations of this nature, whilst frequently
encountered, are highly individual, and vary widely.
They are best dealt with by consultation at the
design stage and shall be agreed between the
purchaser and the supplier. This approach will
ensure that optimum use is made of the forging
process in fulfilling the purchaser’s special
requirements at the lowest additional cost.

2 Information required in determining
tolerances — drop and press forgings

To determine the tolerances applicable to a given
forging in accordance with Table 1 to Table 6
or Table 7 to Table 12 the following information is
required in addition to the dimensions of the
forging:

1) Weight of forging.

2) Shape of die line.

3) Type of steel used.

4) Shape complexity factor of forging.

1) The forging weight is calculated.

2) The shape of die line is determined as falling
within one of the following categories:

EITHER
OR  Asymmetrically cranked.

Flat or symmetrically cranked.

(See Figure 1 for examples.)

S——{—

SYMMETRICALLY CRANKED

ASYMMETRICALLY CRANKED

Figure 1 — Die lines
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3) The type of steel used is determined as falling
within one of the following categories:

EITHER M1 Steel with carbon content not
more than 0.65 % and total of
specified alloying elements (Mn,
Ni, Cr, Mo, V, W) not more

than 5 %.

Steel with carbon content

above 0.65 % or total of specified
alloying elements (Mn, Ni, Cr,
Mo, V, W) above 5 %.

OR M2

To determine the category in which a steel falls,
the maximum permitted contents of the
elements in the steel specification shall be the
values used.

4) The complexity factor of a forging is the ratio of
the Weight?‘) of the forging to the Weightg) of the
overall shape necessary to accommodate the
maximum dimensions of the forging.

S = Wforging
Woverall shape
P S
NP
£ !
i
d
Figure 2 — Enveloping shapes of circular
forgings

The enveloping shape of a circular forging
(see Figure 2) is the circumscribing cylinder the
weight of which is calculated from the formula:

W _ 3.14d”
overall shape — 4

Ly

where y = specific gravity (7.83 glem?) (0.283 1b/in®)
h = height, or length, of cylinder.
For a non-circular forging the overall shape is

constituted by the smallest rectangular block that
will encompass the forging (see Figure 3).

Woverall shape = l-b-h-y

Figure 3 — Enveloping shapes of
non-circular forgings

The resulting complexity factor is determined as
falling within one of the following categories:

S4: Up to and including 0.16.

S3: Above 0.16 up to and including 0.32.

S2: Above 0.32 up to and including 0.63.

S1: Above 0.63 up to and including 1.
EXCEPTION

In determining the complexity factor for thin disks
or flanges there is an exception to the above
procedure when the expression e/d does not
exceed 0.20, where d is the diameter and e is the
corresponding thickness of the disk or flange.

In such cases the factor S4 i1s used; the weight to be
taken into consideration is only that of a cylinder
having diameter d and height e. This special
procedure is not applied if larger tolerances will
result from use of the normal procedure as shown in
Clause 2 4) (see Figure 4).

J T\
RN

Exception based upon;el < 02 applies only if this provides larger
tolerances than the normal procedure based on d x h.

Figure 4 — Exception in determining

complexity factor

2 If desired, the complexity factor may be calculated as the ratio of the volume of the forging to the volume of the overall shape.

© BSI 01-2000
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3 Categories of tolerances — drop and
press forgings

3.1 Scope of categories

3.1.1 First group of tolerances (Table 1 and
Table 2 or Table 7 and Table 8)

Length, width and height tolerances
Mismatch tolerances

Residual flash (and trimmed flat) tolerances
Pierced hole tolerances.

3.1.2 Second group of tolerances (Table 3 and
Table 4 or Table 9 and Table 10)

Thickness tolerances

Ejector mark tolerances.

3.1.3 Third group of tolerances (Table 5 or
Table 11)

Straightness and flatness tolerances
Tolerances for centre-to-centre dimensions.
3.1.4 Other categories of tolerances

Fillet and edge radii tolerances (Table 6 or Table 12)
Burr tolerances (Table 6 or Table 12)

Surface tolerances

Tolerances on draft angle surfaces
Eccentricity tolerances for deep holes
Tolerances for unforged stock

Tolerances for deformation of sheared ends.

3.2 Definition of categories

3.2.1 First group of tolerances (Table 1 and
Table 2 or Table 7 and Table 8).

3.2.1.1 Length, width and height tolerances
(see Figure 5).

a:zb DIE LI

o+ 2 o

ol 0

[«

a dimensions of length in one die
b dimensions of width in one die
c dimensions of height in one die
d dimensions of thickness across parting line

Figure 5 — Types of dimensions

Except for certain centre-to-centre dimensions

(see 3.2.3.2), length, width and height tolerances
relate to all dimensions of length, width and height
(including diameters) on one side of the parting line.
All variations, including those due to die wear and
shrinkage, are included in the length, width and
height tolerances. Length and width tolerances are
to be applied in directions parallel to the main die
parting plane, or as nearly so as practical
considerations will permit.

Length, width and height tolerances comprise the
following:

Tolerances on dimensions to external and
internal forged surfaces;

Tolerances on dimensions from an axis to a
single surface;

Tolerances on dimensions of length, width and
height of steps within one die.

Length, width and height tolerances are shown in
Table 1 and Table 2 or Table 6 and Table 7 as
applied to dimensions between external surfaces
(see Figure 6), i.e. with a dispersion of + 25, — % for
all length and width tolerances and also all height
tolerances unless the more restrictive step height
tolerances are required.

=
s
G

AN Rus
N M

G

N

Figure 6 — Length and width dimensions
between external surfaces

For dimensions between internal surfaces
(see Figure 7), the signs should be reversed so that
the tolerance dispersion is + %5, — %5.

© BSI 01-2000
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—-

Figure 7 — Length and width dimensions
between internal surfaces

When applying length, width and height tolerances
to a forging, the tolerances for the greatest
dimension of length (i.e. the overall length) should
be applied, wherever possible, to all dimensions of
length and similarly for dimensions of width and
dimensions of height. This should be done to obviate
unnecessary minor variations between tolerances,
thus facilitating drawing preparation and
simplifying inspection procedures. In those
instances where the variation is of importance

(e.g. where there is a large difference in dimensions
of length), individual tolerances may be applied
from Table 1 and Table 2 or Table 7 and Table 8 to
those dimensions where this is considered
necessary. The application of such tolerances should
be kept to a minimum and, in these instances, the
tolerances shall be indicated clearly against the
appropriate dimension(s) on the forging drawing.

W/ Y,

7
Y,

N Wa
YIRS
|

-

Figure 8 — Length and width dimensions
from a centre to a surface

(A

For dimensions from a centre to a surface

(see Figure 8) and for dimensions on steps within
one die, the tolerances for the greatest length, width
and height shall apply wherever possible. Where
more restrictive tolerances are required, they shall
be indicated against the appropriate dimension on
the drawing and shall be + %5, — ' of the total
tolerances shown in Table 1 and Table 2 or Table 7
and Table 8.

3.2.1.2 Mismatch tolerances. Mismatch tolerances
indicate the permissible extent of misalignhment
between any point on one side of the parting line
and the corresponding point on the opposite side, in
directions parallel to the main parting line of the
dies.

Mismatch tolerances are applied independently of
any other tolerances.

Measurement. In measuring mismatch, accuracy
depends upon making due allowance for surplus
metal caused by uneven die wear. For that reason
measurements should be made at areas of the
forging least affected by die wear.

Formula for calculating mismatch. With reference
to Figure 9, mismatch at any position relative to the
length or width of a forging may be calculated as
follows:

Qg —0aq
2

m =

where m = mismatch;

lesser projected length or width
dimension, measured parallel to the
main parting line of the dies;

a

a9 = corresponding greater projected
length or width dimension, measured
parallel to the main parting line of the

dies.
a?2 az2
al (e]]
m
'U-l m_ . ]
i\ | i \

L

Figure 9 — Mismatch
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3.2.1.3 Residual flash (and trimmed flat) tolerances.
Variations in trimming may produce either a
residual flash or a trimmed flat. The positive
(residual flash) and negative (trimmed flat) values
permitted are given in Table 1 and Table 2 or
Table 7 and Table 8. The residual flash is measured
from the body of the forging to the trimmed edge of
the flash, as indicated in Figure 10. The position of
the trimmed flat is measured relative to the
theoretical point at which the draft angles meet
(see Figure 11).

MISMATCH

RESIDUAL FLASH

——n—

Figure 10 — Residual flash

H

TRMMED FLAT |

Figure 11 — Trimmed flat

Residual flash and trimmed flat tolerances are
applied independently of, and in addition to, any
other tolerances.

3.2.1.4 Pierced hole tolerances. Tolerances for
dimensions of pierced holes shall be taken

from Table 1 or Table 2, or Table 7 or Table 8 but
the positive and negative dispersions shall be
reversed. Normally the tolerances for the greatest
dimension of length (or diameter) of the forging will
be applied but, if more restrictive tolerances are
required, those for the specific dimension of the
pierced hole may be used. In the latter case the
tolerances shall be indicated against the
appropriate dimension on the forging drawing.

3.2.2 Second group of tolerances (Table 3 and
Table 4 or Table 9 and Table 10).

3.2.2.1 Thickness tolerances (see Figure 5).
Thickness tolerances govern permissible variations
in any dimension which crosses the parting line of
the dies. All variations in thickness, due to
die-closure, die-wear and shrinkage are included in
the thickness tolerances.

The characteristics of the drop forging process
require that, for any given forging, all tolerances for
thickness dimensions are uniform. The tolerances
are determined from Table 3 and Table 4 or Table 9
and Table 10 in accordance with the greatest
thickness dimension of the forging.

Where more restrictive tolerances are required for
application to individual dimensions of thickness,
supplementary operations are involved. Such
special tolerances should be negotiated between the
purchaser and the supplier in accordance with 1.3.

EXCEPTION

In the case of forgings having a flange from which
projects either a) a deep hub the height of which is
more than 1.5 times its diameter or b) a non-circular
projection, the height of which is more than 1.5
times its enveloping diameter, all thickness
tolerances other than that of the overall thickness
will be calculated as if the height of the hub or
projection had been equal only to 1.5 times its
diameter (or enveloping diameter) and not to the
greatest thickness dimension (see Figure 12).

3.2.2.2 Ejector mark tolerances. When forging dies
incorporate ejectors, an allowance is required for the
marks made on the forgings; these marks may be
either sunken or raised. The total tolerances
permitted are shown in Table 3 and Table 4 or
Table 9 and Table 10.

The height or the depth of an ejector mark, relative
to the surrounding surface, shall not exceed one-half
of the total tolerance permitted, unless stated
otherwise on the agreed forging drawing.

The nominal diameter and the location of ejector
marks will be indicated to the purchaser on the
forging drawing before the commencement of
production.

Ejector mark tolerances are applied independently
of, and in addition to, any other tolerances.

© BSI 01-2000
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Figure 12 — Application of thickness
tolerances to deep hubs. Base all thickness
tolerances except those for overall thickness
on dimension t shown above

When straightness tolerances or flatness tolerances
are required, this shall be indicated on the agreed
forging drawing.

Straightness and flatness tolerances are applied
independently of, and in addition to, any other
tolerances.

3.2.3.2 Tolerances for centre-to-centre dimensions.
The tolerances for centre-to-centre dimensions, up
to and including 1 250 mm (50 in), shall be taken
from Table 5 or Table 11 and shall be indicated
against the appropriate dimension on the agreed
forging drawing. When no tolerance is indicated
against the dimension concerned, the tolerance for
the maximum length (or width) of the forging shall
be applied (from Table 1 or Table 2, or Table 7

or Table 8), but the dispersion will be plus and
minus one-half of the total tolerance, and not as
shown in the tables. For centre-to-centre
dimensions greater than 1 250 mm (50 in) length,
tolerances from Table 1 or Table 2, or Table 7

or Table 8, with equal plus and minus dispersions,
shall be applied. The centre-to-centre tolerances
provided in this standard apply only when a
straight line joining the two centres falls within the
profile of the forging (see Figure 14).

3.2.3 Third group of tolerances (Table 5
or Table 11)

3.2.3.1 Straightness and flatness tolerances.
Straightness tolerances relate to deviations of
centre lines from the specified contour

(see Figure 13). Flatness tolerances relate to
deviations of surfaces from the specified contour.

~—
NP

O,
W

Figure 14 — Dimensions to which
centre-to-centre tolerances are applicable

STRAGHTNESS
TOoLERANCE

ﬁ/—’%‘
!

OVERALL LENGTH

Figure 13 — Application of straightness
tolerances

In other instances (see Figure 15) centre-to-centre
tolerances, if required either by the purchaser or the
supplier, shall be negotiated before the
commencement of production.

© BSI 01-2000




BS 4114:1967

Figure 15 — Dimensions to which
centre-to-centre tolerances are not
applicable (other than by negotiation)

Centre-to-centre tolerances shall be applied
independently of, and not aggregated with, any
other tolerances.

3.2.4 Other categories of tolerances

3.2.4.1 Fillet and edge radii tolerances (Table 6

or Table 12). Sharp edges and corners on drop
forgings are undesirable features and all fillet and
edge radii should, therefore, be as generous as
design requirements permit. Tolerances for fillet
radii and edge radii are shown in Table 6 or

Table 12 and examples of such radii are shown in
Figure 16.

FILLET RAD

Figure 16 — Fillet and edge radii

The minus tolerances do not apply to edge radii up
to and including 3 mm (% in) when such radii are
affected by subsequent removal of draft by trimming
or punching. In such cases the minus tolerance is
modified to allow for the formation of a square
corner.

Tolerances for fillet and edge radii shown in
Table 12 are applicable to both quality E and
quality F.

3.2.4.2 Burr tolerances (Table 6 or Table 12). An
allowance is made for the burr or drag formed,
during trimming or punching, on the edges of
certain forgings; for example, when an edge is close
to the trim line. Tolerances for the maximum
permissible extent of burr relative to such edges are
based on the weight of the forging, in accordance
with Table 6 or Table 12 and are applied unless the
purchaser specifies otherwise. The location of burrs
will be indicated to the purchaser on the forging
drawing for approval before the commencement of
production.

Burr tolerances are applied independently of, and in
addition to, any other tolerances.

3.2.4.3 Surface tolerances. Surface tolerances relate
to depth of scale pits and depth of surface dressing.
They apply within the limits stated below unless the
purchaser specifies otherwise.

On forged surfaces which are to be machined
subsequently, scale pits and surface dressing shall
be permitted, but the maximum depth shall be such
that at least one-half of the nominal machining
allowance remains. Dimensional checks regarding
depth of scale pits or any other point in question
should be made in relation to the machining
locations. On forged surfaces which are not
machined subsequently, scale pits and surface
dressing shall be permitted to a depth equal to
one-third of the total value of the thickness
tolerance.

3.2.4.4 Tolerances on draft angle surfaces. It is
normal practice to apply the tolerances for a
nominal dimension of length or width, shown on the
agreed forging drawing, to any corresponding
dimension required between points on the adjacent
draft angle surfaces. Many instances of heavy die
wear occur in which these tolerances are
inadequate. The supplier will draw the attention of
the purchaser to such instances and it will be
necessary to negotiate greater tolerances on the
draft angle surfaces to meet these circumstances.
Such special tolerances shall be agreed between the
supplier and the purchaser before the
commencement of production.

3.2.4.5 Eccentricity tolerances for deep holes. For a
hole, the depth of which is greater than the greatest
diameter, an eccentricity tolerance of 0.5 % of hole
depth shall be applied but this value shall be
doubled (1.0 %) if measured as a total indicator
reading. Instances occur in which this tolerance is
inadequate. In such cases, special tolerances shall
be negotiated with the purchaser before the
commencement of production.

Eccentricity tolerances for deep holes shall be
applied in addition to the normal tolerances for
mismatch (see Figure 17).
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Figure 17 — Eccentricity tolerance for deep
holes

3.2.4.6 Tolerances for unforged stock (Table 1

and Table 7). Unforged stock is that part of a forging
which has not been intentionally deformed by the
forging process.

When a forging incorporates a length of unforged
stock, local deviations from the actual bar stock
diameter or section are allowed adjacent to the
forged portion.

The permissible increase or decrease in original
actual diameter or section of bar stock adjoining
such forged portions is the same as the tolerance
applicable to the adjoining forged portion on
dimensions at right angles to the polar axis of the
unforged stock.

Instances occur in which the negative tolerances for
such local deviations cannot be permitted on
unforged stock where it is not subsequently
machined. In such cases it can be arranged by
negotiation between the purchaser and the supplier

that the entire tolerance is shown as a positive one.

The permissible length of local deviation from the
bar stock diameter or section adjoining a forged
portion shall be equivalent to 1.5 times the bar stock
diameter or largest cross-sectional dimension, but
with a maximum value of 100 mm (4 in)

(see Figure 18).

LENGTH DIMENSIONS

. ] APPLY FROM SHORT

B SIDE OF TAPER
ARISING FROM SHEARING

S R
RC='Sun

Thax 4nchas)

A

THIS PORTION MAY BE TAPERED OR
PARALLEL OVER THIS LENGTH

Figure 18 — Tolerances for unforged stock
and sheared ends

When a forging is produced at the extremity of a
portion of unforged stock, the length tolerance from
any inner face of the forged portion to that extremity
shall be determined from Table 1 and Table 7
employing material factor M1 and complexity factor
S1. Only tolerances to grade F shall be applied. The
weight of the total length in question shall be
calculated as if of unforged stock, irrespective of
whether this is the ease or not.

3.2.4.7 Tolerances for deformation of sheared ends.
An allowance is made for distortion occurring at the
end of the unforged stem of a forging due to
shearing. Tolerances for the maximum permissible
extent of such distortion are based on the nominal
diameter of the unforged stock in accordance

with Table A and Figure 18.

Table A — Tolerances for deformation of
sheared ends

Nominal stock diameter (d) x y
max. max.
mm in
< 36 <14 0.07d d
> 36 >14 0.05d 0.7d

When tolerances for sheared ends are required, this
will be indicated to the purchaser on the forging
drawing before the commencement of production.

Tolerances for sheared ends are applied
independently of, and in addition to, any other
tolerances.
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4 Use of tables — drop and press
forgings

4.1 Table 1 and Table 2 or Table 7 and Table 8.
Tolerances for length, width and height,
residual flash (and trimmed flat), and
mismatch. Normal tolerances to grade F are shown
in Table 1 and Table 7 and close tolerances to grade
E are shown in Table 2 and Table 8.

The same method applies for the use of all tables
according to the grade of tolerances required.

To determine length, width and height tolerances,
reference is first made to the appropriate category
in the weight column. The horizontal line is then
followed to the right. If the “difficulty of material”
factor is M1, the same horizontal line 1is followed
further to the right. If the “difficulty of material”
factor is M2, the heavy diagonal line is followed
downward to the point of intersection with the
vertical line M2 and the horizontal line thus met is
followed to the right (i.e. if the factor is M2 the
horizontal line used is moved two places downward).
A similar procedure is followed for the factor of
complexity so that downward displacement of the
horizontal line used is nil, one place, two places and
three places for factors S1, S2, S3 and S4
respectively. By further movement to the right, the
correct tolerance is found under the appropriate
vertical column heading for the dimension
concerned (wherever possible the greatest
dimension of length, width or height — see 3.2.1.1).
(See also Figure 19.)

r- o ———
M S S2SsS4
% =0
\
TN
0
\

Figure 19 — Use of tables

To determine tolerances for residual flash (and
trimmed flat) and for mismatch from Table 1

and Table 2 or Table 7 and Table 8 it is again
necessary to commence at the appropriate category
in the weight column, but then to move horizontally
to the left in the table. According to whether the die
line is flat/symmetrically cranked or
asymmetrically cranked the correct tolerances for
residual flash (and trimmed flat) and for mismatch
are read from the appropriate columns.

4.2 Table 3 and Table 4 or Table 9 and

Table 10. Tolerances for thickness and ejector
marks. Normal tolerances to grade F are shown
in Table 3 and Table 9 and close tolerances to grade
E are shown in Table 4 and Table 10.

Tolerances for thickness, based on the greatest
dimension of thickness, are obtained from the
appropriate table for the grade required by the same
method as that described above for length, width
and height tolerances in Table 1 and Table 2

or Table 7 and Table 8.

Tolerances for ejector marks are obtained by
referring to the appropriate category in the weight
column and moving horizontally one column to the
left.

4.3 Table 5 and Table 11. Tolerances for
straightness and flatness; tolerances for
centre-to-centre dimensions. Tolerances for
straightness and flatness are obtained from the
upper part of Table 5 or Table 11 by referring to the
appropriate horizontal line for quality F or quality
E, whichever is required, and by reading the
tolerance under the vertical column heading for the
dimension concerned.

Tolerances for centre-to-centre dimensions are
obtained as indicated in 3.2.3.2.

4.4 Table 6 and Table 12. Tolerances for fillet
and edge radii; tolerances for burrs. Tolerances
for fillet and edge radii are shown as percentages of
the dimension concerned and are obtained by
reference to the upper part of Table 6 or Table 12.
Reference is made to the appropriate dimension in
the left-hand column “r”; the positive and negative
components of the tolerance are shown on the right
as percentages of the nominal radius.

Tolerances for burrs are shown in the lower part of
Table 6 or Table 12. Reference is first made to the
appropriate category in the weight column and the
tolerances are read off from the vertical columns
headed “a” and “b”.

5 Design procedure — drop and press
forgings

5.1 Information required by the forger. In order
to assist the forging supplier to utilize his
experience to best effect, both in designing his dies
and tools and in establishing forging inspection
procedures, it is in the purchaser’s interest to supply
the following information:

A finished machined drawing;

Details and dimensions of machining locations
(prior notice should be given of any subsequent
changes in these location points);

Any other relevant information on machining
operations and function of the component.
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5.2 Preparation of forging drawings. It is
recommended that the drop forger should prepare
the forging drawing which should then be submitted
to the purchaser for approval and, if necessary, for
joint consultation.

In instances where the customer wishes to prepare
his own fully dimensioned forging drawing, it is no
less necessary that the drawing of the finished
machined component and the other information
referred to above should be made available to the
supplier.

5.3 Indication of dimensions on forging
drawings. It is imperative to note that, with the
exception concerning draft angle surfaces referred
toin 3.2.4.4, the tolerances indicated in this
standard shall be applied only to those dimensions

specifically indicated on the agreed forging drawing.

For this reason the method of indicating dimensions
on the forging drawing has a vital bearing on the
dimensional control of the forging.

Tolerances for dimensions not shown on the forging
drawing cannot be taken from the standard but can
be determined, if required, only by calculation based
on the dimensions and tolerances which are already
shown on the agreed forging drawing.

5.4 Indication of tolerances on forging
drawings. All forging drawings should be endorsed
“Tolerances conform with BS 4114 unless otherwise
indicated.”

For correct endorsement of forging drawings the
following form of presentation of tolerances at the
foot of the drawing is recommended:

Category Tolerances

é Length and overall diameters
= Widths
2 Heights
4 | Mismatch
E Residual flash and trimmed flat
= Thickness
8 Straightness
# | Flatness
Z | Fillet and edge radii
=)

Surfaces

Any tolerances which are only applicable to specific
dimensions shall be indicated on the drawing
against the particular dimensions concerned.

Ejector mark tolerances and burr tolerances should
be shown on the forging drawing against the specific
locations.

Any special tolerances agreed between the
purchaser and the supplier shall be indicated
clearly on the forging drawing and will, wherever
possible, be entered against the specific dimensions
concerned.

5.5 Importance of forging drawing. The drawing
of the forged part which has been accepted by the
customer is the only valid document for inspection of
the forged part. This drawing is also the only valid
document for tolerances on parts of the forging
remaining unmachined.

10
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Appendix A Deviations of form — drop
and press forgings

The tolerances for lengths, widths, heights, and
thicknesses cover not only the differences of
dimensions, but also the deviations of form which
are:

Out of round,;

Deviations from cylindricity;

Deviations from parallelism;

Other deviations from specified contour.
These deviations are not to exceed the limits given
by the tolerances. In extreme cases they can cover

the whole fields of tolerances unless otherwise
agreed between the supplier and the purchaser.

Where restrictions in deviations of form have been
agreed, this shall be noted on the drawing.

Deviations of straightness or flatness as given in
Table 5 or Table 11 are not included in the
above-mentioned faults of form. Also the deviations
of form do not include scale pits and depth of surface
dressing (see 3.2.4.3) nor any roughness of surface.

© BSI 01-2000
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Section 2. Dimensional tolerances for steel upset
forgings made on horizontal forging machines

6 General remarks — upset forgings

6.1 Scope of Section 2. This section applies to hot
upset forgings, as delivered, made in carbon and
alloy steels on horizontal forging machines.

The tolerances shown in this section cover upset
forgings to normal requirements. However, there
are certain to be occasional instances which
necessitate the use of tolerances wider than those
indicated, e.g. specially complicated designs; steels
having particularly difficult forging characteristics.
In such cases these standard tolerances can form
only a basis on which to agree modifications
appropriate to the particular circumstances.

Reference is made under “Special tolerances” to the
procedure for dealing with requirements for
tolerances closer than those given in the standard.

6.2 Special tolerances. This section does not
include ranges of special tolerances. Considerations
of this nature, whilst frequently encountered, are
highly individual, and vary widely. They are best
dealt with by consultation at the design stage and
shall be agreed between the purchaser and the
supplier. This approach will ensure that optimum
use 1s made of the forging process in fulfilling the
purchasers’ special requirements at the lowest
additional cost.

7 Definitions and principles of
application — upset forgings

7.1 Definition of an upset portion of a forging.
For the purpose of classification, an upset portion of
a forging comprises an upset, or group of upsets,
produced without the direction of presentation of
the bar stock to the heading tool having been
reversed endwise (see Figure 20).

1S w NV NG INDER

UPSET GPSET PORTION /ga CALCULATION OF

FORTION. e e OMPLEXITY FACTOR
Portion A
DIRECTION DIRECTION

OF HEADING TOOL OF HEADING TOOL
70 FORM 'B' TO FORM A
-

UNFORGED _BAR _STOCK

(Not less than one bar diometer m length ses 7.2. nxu;mon)

EACH UPSET PORTION 1S CONSIDERED AS AN
FORGING FOR _THE PURPOSE OF APPLYING

INDEPENDENT
TJOLERANCES,

Figure 21 — A double-ended upset forging

EXCEPTION

If such a forging has either no unforged stock

(see 7.3) retained or its length does not exceed its
diameter, the tolerances shall be applied as if the
forging had been produced as a single upset portion.

7.3 Definition of unforged stock. For the purpose
of classification any part of an upset forging which
has been forged or formed prior to the upsetting
operation shall be regarded as unforged stock

(see Figure 22).

UPSET

PORTION EFFECTIVE DA.FOR CALCULATION
OF WEIGHT OF "UNFORGED' STOCK
T AN
L I3

Figure 22 — “Unforged ” stock

UNFORGED BAR STOCK

DIRECTION OF X

2=

HEADING _ TOOL
UPSET PORTION

TO FORM UPSET
PORTION

Figure 20 — An upset portion of a forging

7.2 Application of tolerances to double-ended
upset forgings. In the case of double-ended upset
forgings, where two separate upset portions have
been forged from opposite directions, the upset
portion at each end shall be considered as an
independent forging for the purpose of classification
(see Figure 21).

8 Information required in determining
tolerances — upset forgings
To determine the tolerances applicable to a given
upset forging, the following information is required
in addition to the dimensions of the forgings:
1) Weight of given upset portion(s) and weight
of “unforged” stock (if any) (see 7.3
and 9.2.1.3).
2) Type of steel used.
3) Shape complexity factor for a given upset
portion of a forging.
1) The weight of the upset portion is calculated.
2) The type of steel used is determined as falling
in one of the following categories:

EITHER M1 Steel with carbon content not more
than 0.65 % and total of specified
alloying elements (Mn, Ni, Cr, Mo,
V, W) not more than 5 %.

12
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OR M2 Steel with carbon content
above 0.65 % or total of specified
alloying elements (Mn, Ni, Cr, Mo,
V, W) above 5 %.

To determine the category in which a steel falls,
the maximum permitted contents of the
elements in the steel specification shall be the
values used.

3) The complexity factor for a given upset portion
of a forging (see Figure 21) is the ratio of the
weight® of that portion to the Weight3) of the
overall shape necessary to accommodate the
maximum dimensions of that portion.

S = Wforging
Woverall shape
The enveloping shape of an upset portion
(see Figure 23) is the enveloping cylinder the weight
of which 1s calculated from the formula:

W _ 3.14d°.
overall shape — 4

h.y

wherey = gpecific gravity (7.83 g/em?) (0.283 1b/in®);
h = height, or length, of cylinder.

h

\]_

|~ ENVELOPING CYLINDER

el

EMPLOY NORMAL PROCEDURE FOR ARRIVING
AT COMPLEXITY FACTOR. (ddia.x h langth).
WHEN $ <02IF THIS PROVIDES

LARGER TOLERANCES.

Figure 23 — Exception in determining
complexity factor

The resulting complexity factor is determined as
falling within one of the following categories:

S4: Up to and including 0.16

S3: Above 0.16 up to and including 0.32

S2: Above 0.32 up to and including 0.63

S1: Above 0.63 up to and including 1.
EXCEPTIONS

In determining the complexity factor for an upset
portion there are exceptions to the above procedure
when one of the following conditions applies:

1) e/d up to and including 0.20,
2) eld greater than 2,

where d is the greatest diameter of an upset portion,
and e is the corresponding dimension of thickness or
length crossing the parting line between header die
and grip dies.

In cases 1) and 2) the factor S4 is used and the
weight is that of the cylinder d X e even if this is not
the entire upset portion (see Figure 24).

W §>2
. USE FACTOR S4

——F—\

WHEN APPLYING § < 02
WEIGHT OF UPSET SHOULD BE
CONSIDERED AS WEIGHT OF FLANGE ONLY (exd diq)
(i) 3< o2
:.USE FACTOR S4

Figure 24 — Exception in determining
complexity factor

This special procedure is not applied if larger
tolerances will result from use of the normal
procedure as shown in 8 3), taking into account the
whole of the upset portion (see Figure 23).

9 Categories of tolerances — upset
forgings
9.1 Scope of categories

9.1.1 First group of tolerances (Table 1 or
Table 7)

Diameter tolerances

Tolerances on step dimensions

Length tolerances

Tolerances for mismatch and eccentricity
Tolerances for local deviations from original bar
stock diameter

Residual flash tolerances

Tolerances on internal dimensions including
diameters of holes.

9.1.2 Second group of tolerances (Table 3
or Table 9) Thickness tolerances.

9.1.3 Third group of tolerances (Table 5 or
Table 11)

Straightness and flatness tolerances
Tolerances for centre-to-centre dimensions.

3) If desired, the complexity factor may be calculated as the ratio of the volume of the forging to the volume of the overall shape.

© BSI 01-2000
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9.1.4 Other categories of tolerances
Fillet and edge radii tolerances (Table 6 or Table 12)

Tolerances for parting line fins and trimming burrs
(Table 6 or Table 12)

Eccentricity tolerances for deep holes
Tolerances for deformation of sheared ends
Surface tolerances

Tolerances on draft angle surfaces.

9.2 Definition of categories

9.2.1 First group of tolerances (Table 1 or
Table 7)

9.2.1.1 Diameter tolerances. Tolerances for
dimensions of external diameter on all upset
portions of a forging (i.e. excluding unforged stock)
are taken from Table 1 or Table 7. In the case of
asymmetric forgings, the tolerances for the
diameter of the enveloping cylinder are applicable.
For external dimensions the tolerance dispersions
are as shown in the table.

For internal dimensions the plus and minus signs
are reversed. For diameters in that part of an upset
portion formed in the grip dies, the tolerances are
those for the maximum dimension of the given upset
portion of the forging (see Figure 25).

UPSET PORTION A
Kr_ m‘Jm
3

=z

UPSET PORTION '8'

L)
LARGEST
DIA‘A ETER

LARGEST
DAMETER

]
LARGEST “—1— ~y— —1—
OIAMETER B stocK

L U :

UPSET PORTION!
Figure 25 — Application of tolerances
based upon the largest diameter of an
upset portion

When applying tolerances to diameters in that part
of an upset portion formed in the heading die, the
tolerances for the greatest dimension of diameter
should be applied, wherever possible, to all such
dimensions of diameter. This should be done to
obviate unnecessary minor variations between
tolerances, thus facilitating drawing preparation
and simplifying inspection procedures.

In those instances where the variation is of
importance (e.g. where there is a large difference in
dimensions of diameter), individual tolerances may
be applied from Table 1 or Table 7 to those
dimensions where this is considered necessary. The
application of such tolerances should be kept to a
minimum and, in these instances the tolerances
shall be indicated clearly against the appropriate
dimension(s) on the forging drawing.

9.2.1.2 Tolerances on step dimensions. For a given
upset portion, the tolerances for the greatest
dimension shown on the agreed forging drawing
from the parting plane to the extremity of that upset
portion measured in a direction parallel to the axis
of the bar stock, should be applied from Table 1

or Table 7 with a dispersion of + 25, -5 to all step
dimensions formed in one die.

Where more restrictive tolerances are required,
they shall be indicated against the appropriate
dimension on the drawing and shall be + %, — %5 of
the total tolerances shown in Table 1 or Table 7
(see Figure 26).

D e p e
H ﬁ\
~
_J e e . p. P
—
€ = thickness dimension LT_T“——']
p = step dimension _______]
u_n—d

Figure 26 — Step and thickness dimensions

Note on gap dimensions. Tolerances on step
dimensions do not apply to gap dimensions between
flanges within any given upset portion. Wherever
possible, the method of applying dimensions should
avoid the use of gap dimensions, but if such
dimensions are essential the tolerances shall be
calculated by reference to the tolerances on the
other dimensions.

9.2.1.3 Length tolerances. Length tolerances are
applied to dimensions, parallel to the axis of the bar
stock, from the inner face(s) of an upset portion to
the extreme opposite end of the forging. Such
tolerances are calculated as if the whole of the
length in question consisted of unforged stock

(see Figure 27).
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Figure 27 — Length tolerances

When the “unforged” stock varies in diameter,

e.g. as a result of any other forming operation, the
weight of such “unforged” stock shall be calculated
as if it were all of the greatest diameter involved,
provided that the diameter is not greater than that
of the original bar stock which should be indicated
on the forging drawing (see Figure 22).

Length tolerances are taken from Table 1 or

Table 7. In the case of a forging having a separate
upset portion at each end, dimensions may be taken
from either upset portion to the opposite extremity
but not from both upset portions. Normally in such
cases length dimensions are applied from the inner
flange face(s) of the main upset portion to the
opposite extremity (see Figure 28 and Figure 29).

2
2
P —x
T
LENGTH DIMENSIONS
L'—J—-'— 1LY ApeLy 1o sHoRT sioe

OF TAPER ARISING
MAX. FROM SHEARING

Figure 28 — Typical length dimensions and
tolerances for deformation of sheared ends

22

EXTREMITY

EXTREMITY
NO 2

.
0
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TMEY ARE NOT MEASURED FAOM THE SAME EXTREMITY OF THE

FORGNG.THEY ARE, HOWEVER, PERMISSIBLE ALTERNATIVES FOR THE
APPLICATION OF LENGTW TOLERANCES. (SEE TEXT)
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Figure 29 — Application of length tolerances
to double-ended upset forgings

Where the surface at the extremity of the forging
has been formed by shearing, tolerances apply from
the short side of any taper which may result

(see Figure 28).

9.2.1.4 Tolerances for mismaitch and eccentricity
(see Figure 30).

Mismatch tolerances indicate the permissible
extent of displacement of a point, in that part of a
forging formed by one gripping die of a pair, from its
correct position relative to the corresponding point
in the other gripping die of the pair. Mismatch is
measured in a direction parallel to the main parting
line of the gripping dies.

\MisMATCH ) ECCENTRICITY
- %D

Section A-A

Figure 30 — Mismatch and eccentricity

Tolerances for mismatch are taken from Table 1

or Table 7. Eccentricity tolerances indicate the
permissible extent of axial displacement of contours
formed by the heading tool, relative to the polar axis
of the forging.

Tolerances for eccentricity are equal in value to
those for mismatch, and the values shall be doubled
if measured as total indicator readings.

Mismatch and eccentricity tolerances are applied
independently of, and in addition to, any other
tolerances.

9.2.1.5 Tolerances for local deviations from original
bar stock diameter. Local deviations from the
original actual bar stock diameter adjoining an
upset are allowed. The permissible increase or
decrease in original actual diameter of bar stock
adjoining an upset portion of a forging is the same
as that applicable to the greatest external diameter
of that upset portion.

Instances occur in which the negative tolerances for
such local deviations cannot be permitted on
unforged stock where it is not subsequently
machined. In such cases it can be arranged by
negotiation between the purchaser and the supplier
that the entire tolerance is shown as a positive one.

© BSI 01-2000
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THIS PORTION MAY BE TAPERED OR
PARALLEL OVER LENGTH f
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Figure 31 — Local deviations from original
actual bar stock diameter

The permissible length of local deviation from bar
stock diameter adjoining an upset portion of a
forging shall be equivalent to 1.5 times the bar stock
diameter but with a maximum value

of 100 mm (4 in) (see Figure 31).

9.2.1.6 Residual flash and trimmed flat tolerances.
Variations in trimming may produce either a
residual flash or a trimmed flat. The positive
(residual flash) and negative (trimmed flat) values
permitted are given in Table 1 or Table 7. The
residual flash is measured from the body of the
forging to the trimmed edge of the flash, as
indicated in Figure 32.

MISMATCH

RESIDUAL FLASH

Figure 32 — Residual flash

9.2.1.7 Tolerances on internal dimensions including
diameters of holes. Tolerances on internal
dimensions formed by the heading tool, including
diameters of holes, shall be taken from Table 1

or Table 7, but the positive and negative dispersions
must be reversed.

Normally the tolerances for the greatest dimension
of diameter on the upset portion of the forging will
be applied but, if more restrictive tolerances are
required, those for the specific dimensions may be
used. In the latter case the tolerances shall be
indicated against the appropriate dimensions on the
forging drawing.

9.2.2 Second group of tolerances (Table 3
or Table 9)

9.2.2.1 Thickness tolerances. Thickness tolerances
are applied to those dimensions, parallel to the axis
of the bar stock, of contours which are formed
entirely within an upset portion and cross the
parting line between header and grip dies.

Thickness tolerances are taken from Table 3
or 9.

EXCEPTION

In the case of upset forgings having a flange and an
upset projection on either side of the flange, the
length of the projection being more than 1.5 times
its diameter, all thickness tolerances except that for
the overall thickness of the upset portion will be
calculated as if the length of the projection had been
equal only to 1.5 times its diameter (see Figure 34).

The position of the trimmed flat is measured
relative to the theoretical point at which the draft
angles meet (see Figure 33).

TRIMMED FLAT

Figure 33 — Trimmed flat

/\THE OVERALL THICKNESS
h TOLERANCE MUST BE
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— DIMENSION  (h)
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ALL THICKNESS TOLERANCES EXCEPT THAT OF THE OVERALL

THICKNESS ‘MUST BE BASED ON THIS CALCULATED
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Figure 34 — Exception to application of
thickness tolerances

Residual flash and trimmed flat tolerances are
applied independently of, and in addition to, any
other tolerances.

If there are such projections on each side of the
flange, the calculation is based on the projection
having the larger diameter.

9.2.3 Third group of tolerances (Table 5 or
Table 11)

9.2.3.1 Straightness and flatness tolerances.
Straightness tolerances relate to deviations of
centre lines from the specified contour.

Flatness tolerances relate to deviations of surfaces
from the specified contour.

16
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When straightness tolerances or flatness tolerances
are required, this shall be indicated on the agreed
forging drawing and the method of checking must
also be indicated.

Straightness and flatness tolerances are applied
independently of, and in addition to, any other
tolerances.

9.2.3.2 Tolerances for centre-to-centre dimensions.
Tolerances for centre-to-centre dimensions are
taken from Table 5 or Table 11. In all cases the
centre-to-centre tolerances provided in this
standard shall only be applied when both centres
are within the same upset portion and the line
joining them is at right angles to the polar axis of
the forging (see Figure 35).

CENTRES

Lo,

§ A Y

Figure 35 — Tolerances for centre-to-centre
dimensions

Such tolerances shall be indicated against the
appropriate dimensions on the agreed forging
drawing.

Centre-to-centre tolerances shall be applied
independently of, and not aggregated with, any
other tolerances.

9.2.4 Other categories of tolerances

9.2.4.1 Fillet and edge radii tolerances (Table 6

or Table 12). Sharp edges and corners on upset
forgings are undesirable features and all fillet and
edge radii should, therefore, be as generous as
design requirements permit. Tolerances for fillet
radii and edge radii are shown in Table 5 or

Table 12 and examples of such radii are shown in
Figure 36.

EDGE RADII

FILLET RADII

Figure 36 — Fillet and edge radii

The minus tolerances do not apply to edge radii up
to and including 3 mm (% in) where such radii are
affected by subsequent removal of draft by trimming
and punching. In such cases the minus tolerance is
modified to allow for the formation of a square
corner.

9.2.4.2 Tolerances for parting line fins and
trimming burrs (Table 6 or Table 12). An allowance
is made for parting line fins and trimming burrs
formed at grip and header die parting lines

(see Figure 37).

PARTING LINE
TRMMING BURRS s

~ - N )
%\ L.
. ]
&T<T < C\
PUNCHING BURRS

L X

SECTION X =~X

Figure 37 — Trimming burrs, punching
burrs, and parting line fins

Tolerances for the maximum permissible extent of
such burrs or fins are based on the weight of the
upset portion of the forging and are in accordance
with Table 6 or Table 12 (burr tolerances). They are
applied unless the purchaser specifies otherwise.

The location of parting line fins and trimming burrs
will be indicated to the purchaser on the forging
drawing for approval before the commencement of
production.

Tolerances for parting line fins and trimming burrs
are applied independently of, and in addition to, any
other tolerances.

When a forging is upset in closed dies, a fin is
formed as indicated in Figure 38.

FIN FORMED WHEN CLOSED DIES ARE USED,

Figure 38 — Fin

The dimensions of such fins can be too large to be
subject to normal tolerances and are a matter for

individual negotiation between the purchaser and
the supplier.

© BSI 01-2000
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9.2.4.3 Eccentricity tolerances for deep holes. For a
hole formed by the heading tool, the depth of which
is greater than the diameter an eccentricity
tolerance of 0.5 % of hole depth shall be applied, but
this value shall be doubled (1.0 %) if measured as a
total indicator reading (see Figure 39).

Eccentricity tolerances for deep holes shall be
applied in addition to the normal tolerances for
eccentricity.

9.2.4.4 Tolerances for deformation of sheared ends.
An allowance is made for distortion occurring at the
end of the unforged stem of a forging due to
shearing. Tolerances for the maximum permissible
extent of such distortion are based on the nominal
diameter of the unforged stock in accordance

with Table B and Figure 28.

DEPTH FOR DEEP HOLES,
( ADDITIONAL TO
ECCENTRICITY TOLERANCE.

0005 IN. PER IN. OF HOLE
nmzbz;
| B )
" =

Figure 39 — Eccentricity tolerance for deep
holes

When tolerances for sheared ends are required, this
will be indicated to the purchaser on the forging
drawing before the commencement of production.

Tolerances for sheared ends are applied

independently of, and in addition to, any other
tolerances.

Table B — Tolerances for deformation of
sheared ends

Nominal stock x y
diameter(d) max. max.
mm in
< 36 <14 0.07d d
> 36 >1.4 0.05d 0.7d

9.2.4.5 Surface tolerances. Surface tolerances relate
to depth of scale pits and depth of surface dressing.
They apply within the limits stated below unless the
purchaser specifies otherwise.

On forged surfaces which are to be machined
subsequently, scale pits and surface dressing shall
be permitted, but the maximum depth shall be such
that at least one-half of the nominal machining
allowance remains. Dimensional checks regarding
depth of scale pits or any other point in question
should be made in relation to the machining
locations. On forged surfaces which are not
machined subsequently, scale pits and surface
dressing shall be permitted to a depth equal to
one-third of the total value of the thickness
tolerance.

9.2.4.6 Tolerances on draft angle surfaces. It is
normal practice to apply the tolerances for a
nominal dimension of length or width, shown on the
agreed forging drawing, to any corresponding
dimension required between points on the adjacent
draft angle surfaces. Many instances of heavy die
wear occur in which these tolerances are
inadequate. The supplier will draw the attention of
the purchaser to such instances and it will be
necessary to negotiate greater tolerances on the
draft angle surfaces to meet these circumstances.
Such special tolerances shall be agreed between the
supplier and the purchaser before the
commencement of production.

10 Use of tables-upset forgings

10.1 Table 1 and Table 7. Tolerances for
diameter, length, residual flash (and trimmed
flat), mismatch and eccentricity. Tolerances are
shown in Table 1 or Table 7. To determine diameter
and length tolerances reference is first made to the
appropriate category in the weight column. The
horizontal line is then followed to the right. If the
“difficulty of material” factor is M1, the same
horizontal line is followed further to the right. If the
“difficulty of material” factor is M2, the heavy
diagonal line is followed downward to the point of
intersection with the vertical line M2 and the
horizontal line thus met is followed to the right
(i.e. if the factor is M2 the horizontal line used is
moved two places downward). A similar procedure is
followed for the factor of complexity so that
downward displacement of the horizontal line used
is nil, one place, two places and three places for
factors S1, S2, S3 and S4 respectively. By further
movement to the right, the correct tolerance is found
under the appropriate vertical column heading for
the dimension concerned (see Figure 40).

18
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|’

M1 M2|S1S2Ss S4

e

AV

Figure 40 — Use of tables

To determine tolerances for a) residual flash (and
trimmed flat) and b) for mismatch or eccentricity
from Table 1 or Table 7 it is again necessary to
commence at the appropriate category in the weight
column, but then to move horizontally to the left in
the table. According to whether the die line between
header die and gripping dies is flat/symmetrically
cranked or asymmetrically cranked the correct
tolerances for residual flash (and trimmed flat) and
for mismatch are read from the appropriate
columns.

10.2 Table 3 and Table 9. Tolerances for
thickness. Tolerances are shown in Table 3

and Table 9. Tolerances for thickness are obtained
from the table by the same method as that described
above for diameter, length tolerances, etc., in
Table 1 or Table 7.

10.3 Table 5 and Table 11. Tolerances for
straightness and flatness; tolerances for
centre-to-centre dimensions. Tolerances for
straightness and flatness are obtained from the
upper part of Table 5 and Table 11 by referring to
the appropriate horizontal line for quality F and by
reading the tolerance under the vertical column
heading for the dimension concerned.

Tolerances for centre-to-centre dimensions are
obtained from the lower part of Table 5 or Table 11
by referring to the appropriate horizontal line for
quality F, and by reading the tolerance under the
vertical column heading for the dimension
concerned.

10.4 Table 6 and Table 12. Tolerances for fillet
and edge radii; tolerances for parting line fins
and trimming burrs. Tolerances for fillet and edge
radii are shown as percentages of the dimension
concerned and are obtained by reference to the
upper part of Table 6 or Table 12. Reference is made
to the appropriate dimension in the left-hand
column “r”; the positive and negative components of
the tolerance are shown on the right as percentages
of the nominal radius.

Tolerances for parting line fins and trimming burrs
are shown in the lower part of Table 6 or Table 12.

Reference is first made to the appropriate category
in the weight column and the tolerances are read off
from the vertical columns headed “a” and “b”.

11 Design procedure — upset forgings

11.1 General. In arriving at a suitable design
procedure for upset forgings, 5.1, 5.2, 5.3 and 5.5 for
hammer and press forgings apply.

11.2 Indication of tolerances on drawings for
upset forgings. All drawings for upset forgings
should be endorsed “Tolerances conform to BS 4114
unless otherwise indicated.”

For correct endorsement of forging drawings the
following form of presentation of tolerances at the
foot of the drawing is recommended:

Upset
portion A

Upset
portion B

Tolerance category

External dimensions
Step dimensions

Mismatch and eccentricity

Local deviations from
actual bar stock
diameter

Residual flash
Internal dimensions
Fillet and edge radii
Surfaces

UNLESS OTHERWISE STATED

Any tolerances which are only applicable to specific
dimensions (e.g. thickness tolerances) shall be
indicated on the drawing against the particular
dimensions concerned.

Tolerances for parting line fins and trimming burrs
should be shown on the forging drawing against the
specific locations.

Any special tolerances agreed between the
purchaser and the supplier shall be indicated
clearly on the forging drawing and will, wherever
possible, be indicated against the specific
dimensions concerned.

© BSI 01-2000
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Appendix B Deviations of form —
upset forgings

The tolerances for lengths, diameters, steps and
thicknesses cover not only the differences of
dimensions, but also the deviations of form which
are:

Out of round,;

Deviations from cylindricity;

Deviations from parallelism;

Other deviations from specified contour.

These deviations are not to exceed the limits given
by the tolerances. In extreme cases they can cover
the whole fields of tolerances unless otherwise
agreed between the supplier and the purchaser.

Where restrictions in deviations of form have been
agreed, this must be noted on the drawing.

Deviations of straightness or flatness as given

in Table 5 or Table 11 are not included in the
above-mentioned faults of form. Also the deviations
of form do not include scale pits and depth of surface
dressing (see 9.2.4.5) nor any roughness of surface.

20

© BSI 01-2000



BS 4114:1967

Section 3. Tables of tolerances for use when
specifying in metric units

NOTE The tolerances shown in Table 1 to Table 6 can be
calculated by means of a slide rule BS 4114 CM.
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Table 4 — Thickness and ejector marks for drop and press forgings (close tolerances)
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Table 5 — Straightness, flatness and centre to centre dimensions for drop, press and upset forgings

DROP, PRESS AND UPSET FORGINGS
NOTE. QUALITY E DOES NOT APPLY TO UPSET FORGINGS

RANGE OF TOLERANCES FOR STRAIGHTNESS AND FLATNESS

LENGTH M M
ABOVE O [i0oli25[160[200]250 (315 [400]500|630[800]1000 {1250 [1600 {2000
TO (NCL) |100|125|160|200[250 (315 |400[|500|630 |800|1000 {1250 {1600 |2000{2500
Floelo7l08l09| 1 |11 |12ltalie]18]| 2 |22 |25 (28 |32

QUALITY
E |04|05|05]|06|06|07]|08[09] I |14 |12 |4 |16]18] 2

RANGE OF TOLERANCES FOR CENTRE TO CENTRE DIMENSIONS

LENGTH MM
ABOVE o) (00 | 160 | 200 | 250 | 315 [400 [500 | 630 |800 {1000
TO (INCL) 100 | 160 | 200 | 250 | 315 | 400 | 500 | 630 |[800 | 1000 |I1250
+0-3 +0-4 *o.5 *0.6 *0-8 * *1-2 +1.6 +2 *25 3.2
Floe |08 I [+2 6 2 24 |32 |4 5 64
QUALITY *oz2s, *o03 *o4/ *o's *o.6 *0.8 T *.2 el *2 tes
E |O5 o6 |08 |I 12 16 2 24 (32 |4 5

SEE SECTIONS 3.2.3. AND 9,2,3.
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Table 6 — Fillet, edge radii and burrs for drop, press and upset forgings

DROP, PRESS AND UPSET FORGINGS

FILLET AND EDGE RADII TOLERANCES

A'B:)VE,-\-A- r\'/:o {incL) =+ -
O — 10 509, 25%
IO — 32 40% 207
32 —-100 329, 5%

> 100 25%, 107,

—~

b

t
- Q

BURR TOLERANCES

(AND PARTING LINE FINS FOR UPSET FORGINGS)

Y

WEIGHT (k
ABOVE — 'roimii) a b
O — | [ 05
| — 6 1°6 O-8
6 —40 25 -2
40 -250 4 2

/[
s

b 32.4., 3.24.2,

SEE CLAUSES 9.2.4.1 AND 9,2.4.2
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Section 4. Tables of tolerances for use when
specifying in inch units

NOTE The tolerances shown in Table 7 to Table 12 can be
calculated by means of a slide rule BS 4114 CI.

28
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Table 7 — Length, width, height, mismatch, residual flash and trimmed flat of drop, press and
upset forgings (normal tolerances)

DROP, PRESS & UPSET FORGINGS - TOLERANCES FOR: LENGTH, \A/IDT:I & HelgHT™
— — MISMATCH ; ResIDUAL FLASH & TRIMMED FLAT, (* o4& SRS ThuaCr
¥ '-'_' E:m\é D [ [FomEXT™ NOTE: CENTRE TO SURFACE; STEP IN ONE DIE; +§—l OF gro;A‘:.!1'or:,:;:A\NGcsE
5 g q = K j o (BUT SEE CLAUSES 3.2.1.1AND 9.2.1.2) .3
;5: al g SE—) 5 r g _sg INTERNAL DIMENSION : REVERSE + AND - SIGNS.
= v
5 |3 EEY ¢ PEaie of INCHES
b3 g E § E%W(-TO 9 m9595?5° Tz a 3 1© % 25 ) Eles
h 1525354 2] 4 &3 (] -3 25 40 100
0I6 |020 ©-09 045%8|050%¢|056 58063 |05 R loac
020|025 0922 05654 |056 8063|010 ot 0ot
- | + > <404? :’Od'l -‘-.o +080) :061 :_-G‘M
025/028 22 A 056806 > 107010807 109600 0 ™¢|
028(032 4 -7 06584? o15°% Oeo-o? 090°>|100°%2| Io-g’;:, |2of-o4o 1403-042
+0d7 ~233i + + 087 + 074 +080 +084 <10 +120
032,040 TR ovd:;; oaodgg-ogof~|oo' | 10712040 1601180
- bd :6 :: 31 -‘-216 -. :094 &l -o‘- =] :_-ID
0400 l2-22 0867710961100 ° 1 10”***}120" **|I40"*|160 1180 =200
050 056 22‘45 09(5 'IOO:“; g1 :'gg: 2 pt=>3 | :?’oé' ‘-}'3051. "1!:2‘% .200." K ’-#:;
056 070 45.“0 +067 +074 00000 Oo 094 doom 60’04&0 leo:az - 147 220:- 7
1007223} | IO;:;: 1207°%[140" 4 [160 5> ||IBO™ %0 200 *°| 220 °™| 250 °82
. +ON4 EX +094 + 107 +120 KLY *147 - 1§ 187
o100 o0 1107 °1120 **H40 ***li60 >80 1200 %1220 (250" 220%
+ -+ +107 +120 +194 147 + 167 <187 21
089100 20 120 “2140°°% 160 180" 120071220 2501280 *320 %
+094 +107 120 *l <147 +107 - 187 +214 +-2.
000|110 |~ 14021160 -teo“’:-zoc'>‘° 220°7250°280° 320 360 1%
* 4120 . +147 * +187 +214 +:240 +207
|e O-losa '80-060 2000& ,220-073 250 O%!_ 20-106 360—»110 400 fas
) =51 ~ora § 08Bl e 1SR A~ e oo 1189 o]
QUALITY F (NORMAL) 180771200 1220 1250 128071320 ~1960 #1400 21450 =
1200°°[ 220?250 °®* 280 °221320" 21360 '©[400 #8450 ' [S00 e
SEE SECTIONS 321 AND 92.1.| Y220 9| 25g%l0a0 ™300 36028400 84508500 560 8
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Table 8 — Length, width and height of drop and press forgings (close tolerances)

DROP AND PRESS FORGINGS - TOLERANCES FOR LENGTH, WIDTH AND HEIGHT.

THis TABLE

Is NoT APPLICABLE To UPpPSeT FORGINGS.

QUALITY E (CLOSE)

SEE SECTION 3.2.1

TIT|TRIM D % koMLY
E | LINE = 3 NOTE: CENTRE TO SURFACE;STEP IN ONE DIE; + + - % OF TOTAL TOLERANCE
5 99 o E P g (BUT SEE CLAUSE 3.2.1.1) W3
E ild|Of é 5 g _ g 5 INTERNAL DIMENSION : REVERSE + AND — SIGNS
g §’8 ggg W12 Elggd g INCHES
a d’ig ; EEABOVE-TO% z???og ) 25 a0 3
> EE| QD& o Mal$) 525 554 : o P 4 62
012 [oI2 0-09 040°%1045%%
012 016 0922 045 =l0sc%lose
Q6 [016 22-4 050:%3056'04 065?8%? o158
* 0! -0 - 0“‘ -
016 [020 4-7 T 0568 063507108 08050905
042 +047 - - <067 + 0.
020l025 T-12 0as 06354 |0710°531080 090100 3| | %8¢
o02sl02e 12-22 e 10581080°H000% 100 =} 10754120
028032 22-45 OBE 3080095100 |1 107|201 4554
032 45110 G 096%™ 100381 10°541 20531 40F 60
+ 087 * + O8O0} + 08 ~i07
040050 0250 10031 10°%% 12079140 |60 =18 0
- - - +107 - 120 * 194
-OS01056 250" 1 'O~g-'ai_'2o-g.ig,|40-gg‘e16oou 180 %1200
- K3 n -7 - 20 v i34
o101 12059140 4160 %180 | 200™ 2257
-84 *147

140 %%l 6 0% 180 200741 2207|250

+i07

1605318 0% 20374 2207 | 2505 2805

* 167 +107

18094 200%4 2203 250" 285 320"

+ B4 +14

203 20 2502832320 % 20

0002-10 IS4 ©
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Table 9 — Thickness for drop, press and upset forgings and ejector marks for drop and
press forgings (normal tolerances)

*
DROP, PRESS & UPSET FORGINGS -TOLERANCES FOR: THICKNESS ; EJECTOR MARKS

1€

) L |compLexiTy DROP AND PRESS FORGINGS ONLY)
Sl & |3 T 3 &
5 @ m dgu | v v
wd| ¥ | < 8gee s py INCHES
l?J 2 aeove-To| O > ? ? ? 3 3 Qoes ) 75 a 63 S10
(iINncl) ™M M2 St S2 S3 Sa oe3 e 25 4 63 10 _
040 |0~ 09 04033104528 05034 056 8|06 | 071088080
050 [09-~-28 045 28050 %4 056 o8| 063 3 |0710 080 %4 0907¥
063 |28~56 050 2| 05658 0e3-8| 07078080 | 090 85100 * 88
080 [|56-11 056 T8 06327 010738/080 00088100 33| |O *538
100 [iIl - 1& 063" 'z‘?~O7O"3‘=‘3~08(5§090’333100"333 110 “8%[ 20 3%
120 |’ ~28 O 10 3B[OB0H 090 100 "88]| 10 %2 20738}40 334
160 |2B8-45 080 090 & 1008|110 541207381 4078|160 533
200 l45-80 0908100 %8|-1 10:38]120 73%]1 40 %% 150 “#s180 &
250 |80-140 100°831 107241208140 8|60 B[180 %3 200" =
320 1ao-250 : 1108812072281 40 %4] 16078180 ¥ [ 200" &4 - 220" 5%
400 [250-450] 120728140 3 16083180 "9&{ 200 #2220 $%| 250°5%
‘500 [|450560 140 %4160 8180 5| 2007 220" 250 %8| 28073
16018073 20054 22073 25078 280 % 3204
18052005 2205 250782805 320" #1360 %
20()'55’& .220'-"6';'3 .250’-.'%'; ,280-’6?-1 320" % 360 #8400
QUALITY F (NORMAL) 22024 250 | 28053 32075 360-5/400" #4505
SEE SECTIONS 322 AND922, \_.25(5:,:,.250?;1.3207?52 . 260-8[40 0" 18]450 8| SO0
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Table 10 — Thickness and ejector marks for drop and press forgings (close tolerances)

DROP AND PRESS FORGINGS —TOLERANCES FOR THICKNESS AND EJECTOR MARKS

0002-10 IS4 ©

0 ) g g [COMPLEXITY |THIS TABLE IS NOT APPLICABLE TO UPSET FORGINGS
o9 & |dual_ ¢4
o Tl 2 |29k 883§,
wyl ok ¢ $183 g 2 INCHES
w ABOV%I;JIS) M M2 SA ! SAz SAs 5\14 g‘a 82%,[25 >0
‘040 [0- 09 5026 B 0325 06 5 0504
050 |09-28 022"%|036 #0405 %0068
063 |2e~-56 (0268040350452 056 S8l0e3" 8%
080 [56-11 040" 831045 ¥ 0508 07054
100 [11T=-18 04550505 0804
120 [1B-28 045050+ |056 8063 o8 09035
160 |28-45 050 %056 38|06 080 #0905 100"
200 145-80 063" 07103 1107538
250 |80-140 01081080 #0903 120783
320 [140-250 080" #0900 100" 140°
400 [250-450 0800201003110 >3 160"
- S00 450560 1QQ 8110788120788 1807
110 " 3120°28[140 "55 2003
120514088160 220" 5%
QUALITY E (CLOSE) 140788160 |80 #? 2504
160 33180 2| 200" 2803
SEE SECTION32.2 180 &[200& 2205 2207
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Table 11 — Straightness, flatness and centre to centre dimensions for drop, press

and upset forgings

DROP, PRESS AND UPSET FORGINGS

NOTE. QUALITY E DOES NOT APPLY To UPSET FORGINGS

RANGE OF TOLERANCES FOR STRAIGHTNESS AND FLATNESS

LENGTH INCHES
ABOVE O 40|50 |63 |80 |I00 |20 |60 |200(250|320 (400500630 (600
TO (NCL) 4050|6380 |00 [I2:0 [6:0200(25-0 |32:0/40-0|500/62 0800000
F 0250280232 |036/040[045{050[05603 [O70[080 [O20100 |110 120
QUALITY
E |06 [020}020[025[025 1028 032036 040|045 050 [ 056|063 070080
RANGE OF TOLERANCES FOR CENTRE TO CENTRE DIMENSIONS
LENGTH INCHES
ABOVE O 40 |63 [80 100 [I20 [I6:0 [200 |20 (320 (400
To (NCL) |40 |63 |80 [I00 [120 |I60 [200 |250 [32:0 |400 [S0O0
.02 t.015 *.020 +.02% +-030 +.040 t.050 t.oeo t080 +100 ri2s
F [O24 O30 |-040|-050 [-060 [-080 |00 [120 |10 [200 |250
QUALITY o0 p o] +o015 t.020 +.025 *.030 +.040 t.050 t.080 t.080 100
E [O20 024 | 030|040 [-050 |-0c60 |-080[100 |120 [160 [-200

SEE SECTIONS 323 AND 92.3.
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Table 12 — Fillet, edge radii and burrs for drop, press and upset forgings

DROP, PRESS AND UPSET FORGINGS.

FILLET AND EDGE RADII TOLERANCES

r INCHES + _
ABOVE — TO(INCL)
O —-04 50/, 257,
04 — 12 40%, 207,
112 —40 32% 197,
=40 25% 107,

(AnD PARTING

LiINE Fins FoR

BUuRR TOLERANCES

UPSET FORGINGS )

WEIGHT (ib)
a b

ABOVE — TO(NCL)
O — 22 Q40 ‘020
22— 14 0635 ‘032
4 — 90 100 ‘050
20 — 560 160 ‘080

b

) 01

V2

—]/

Lb [ 3241 2242,
[ SEE cLAUSES 92.41AND9.2.4.2
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Section 5. Quantity tolerances for steel drop and
press forgings and for upset forgings made on
horizontal forging machines

12 Quantity tolerances

Quantity tolerances shall be the permissible
over/under-run allowed on each order. Any delivery
quantity within the limits of over, under-run shall
be regarded as completing the order. The tolerances
shall be in accordance with Table 13.

Intermediate quantities shall be assessed pro rata
to the nearest smaller quantity shown in the table.

Table 13 — Quantity tolerances for steel drop
and press forgings and for upset forgings
made on horizontal forging machines

Quantity tolerances
Number of pieces on order Over-run Under-run
pieces pieces
50 4 2
100 6 3
300 18 9
600 24 12
1 000 40 20
5000 100 50
10 000 200 100
15 000 300 150
20 000 400 200
Any quantity over
25 000 500 250
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