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FOREWORD

THE DIE design section of the DFRA Forging Handbook, published just over
two years ago, was very well received. Many copies were sold, and are still being
sold, not only in the UK but throughout the world, and the indications are that
the book is being widely used and much appreciated.

It was with some trepidation that we chose die design to launch the series as
this is not by any means the easiest of subjects to deal with, but the success of
the first issue has enéouraged us in producing the second section, which is on
the rather more straightforward subject of forging plant.

Again the material has been written by Dr Alwyne Thomas, partly from his
own knowledge of the subject and partly from information supplied by
machinery builders, users and outside forging experts.

The aim throughout has been to provide not just a description of the
different types of forging plant available but to explain the fundamental
technical concepts and principles on which their designs are based. By this
means the reader should be helped both in making the best selection for his
purpose and in utilising the equipment at maximum efficiency.

It will be realised that a book of this standard is now very expensive to
produce, and to defray some of the cost we have accepted advertisements.
These have however been kept as unobtrusive as possible so as to preserve the
image of a working manual rather than a technical journal.

We consider there is no better way of transferring technology to industry
than through publications of this type, and it is our hope that this handbook
will be as well received as its predecessor and will be as extensively used.

S E ROGERS
Director, DFRA

December 1982
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DFRA FORGING HANDBOOK

FORGING PLANT

1 CHARACTERISTICS OF METAL FORMING
PROCESSES

Any metal forming operation may be characterised by a
load-displacement curve. Such a curve will indicate the load
requirement throughout the process and will also show the
maximum load (Lmax), the total displacement (D) and the
energy required (E), the latter being given by the area under
the load-displacement curve.

Figure 1.1 indicates the general shape of load-displace-
ment curves for a number of metal forming processes. The
figure shows that some processes such as hot extrusion may
only require a moderate load but because the displacement
is large the energy requirement is high. At the opposite end
of the scale cold coining demands a very high load but only
little energy because the displacement is very small.

To meet these varying demands a wide range of metal
forming machines has been developed and their individual
characteristics are described later.

Some machines perform the required deformation in a
single blow or ‘‘squeeze’’. Examples of such machines are
crank presses and hydraulic presses. Others may supply the
energy requirement and build up the load by means of
several repeated blows. Screw presses are commonly used
for forging in two blows whilst in hammers many more
blows may be struck.

Table 1.1 shows the general way in which useful energy
;/arles with type of machine for a given maximum operating
oad. '
Table 1.1

Typical ratios of useful energy to maximum load for
different forming machines with the same maximum load

capacity
Available energy
Plant type Load rating per blow Ratio E/L
L—tonnef E—mkg
Hydraulic press 1250 250 000 200
Crank press 1250 20 000 16
Friction screw press 1250 8 000 6.4
Drop hammer 1250 1 600 1.3

It is apparent from table 1.1 and figure 1.1 that the load
and energy requirements for a given forming process will
influence the type of plant used. This theme is developed in
more detail in subsequent sections.

L low
E moderate L low
- | D high E low
§ D low
S Hot
Displacement D b Preforming
; very :'.g: L high
D \frx ‘9 E moderate
i
a Extrusion 9 D moderate
Cold /_/}
c Forging
L low L very high
E low E low
D low f ’D very low
d Clipping e Cold coining
L = load E = energy (area under any curve) D = displacement

FIG. 1.1
Typical load-displacement curves for metal forming processes.




2 CLASSIFICATION AND GENERAL
APPLICATION OF FORGING MACHINES

2.1 Classification of forging machines

Whilst there are many ways in which forging machines
can be classified one of the most widely used and helpful
methods in understanding their operation is the division
into energy restricted, stroke restricted or load restricted
machines.

2.1.1 Energy restricted machines

In energy or work restricted machines the deformation
energy is derived from the kinetic energy of a moving body
or bodies. During a forging blow deformation of the work
piece continues until all the available energy is used.
Further deformation can only be accomplished by striking
further blows.

The capacity of energy restricted machines is usually
denoted by quoting the maximum kinetic energy available
at each blow. As will be explained later such machines do
also have a limiting load capacity.

2.1.2 Stroke restricted machines

Stroke restricted forging machines derive their initial
drive from a rotating eccentric mechanism which imparts
linear movement to a ram by means of a connecting device.

During deformation the load builds up until the ram
passes through a bottom dead centre position. In such
machines forging in a given impression must be completed
in a single blow.

2.1.3 Load restricted machines

The hydraulic press is a load restricted machine since the
maximum load can be developed at any position within the
available stroke. The maximum load which can be
sustained depends on the oil pressure in the cylinder whilst
the speed of ram travel is dependent on the rate at which oil
can be supplied to the hydraulic cylinder.

Table 2.1 below shows the forging machines which
belong to each of the classifications. The detailed character-
istics of each group are discussed later.

Table 2.1
Classification of forging machines

Load restricted
machines

Stroke restricted
machines

Energy restricted
machines

—

Crank and
eccentric presses

1 Hammers (all types) 1 Hydraulic presses

Knuckle-joint 2 Orbital presses

presses

2 Friction screw 2
presses

3 HERF machines

w

Wedge presses

4 Horizontal
upsetters

2.2.2 Asymmetric elongate forgings
Elongate forgings with varying cross-section along their

length require several preforming blows to redistribute -
metal and are therefore usually made on hammers. For -
such forgings the modern trend is to use double acting
- hammers because of their high stroking rate.

For large order quantities press forging may be developed
but preforming must be done on ancillary plant such as
forging rolls.

Very long forgings such as axle beams and large crank-

shafts require a larger die block area than is available on a ¢

suitably rated press and such forgings are therefore made
on large gravity drop hammers or counterblow hammers.
Recently however even these forgings have been made on
crank and friction screw presses.

2.2.3 Large axisymmetric forgings

Very large circular forgings such as turbine discs made in
heat resisting steels and super alloys require very high
forging loads and are therefore made on hammers.

2.2.4 Close to form forgings

Close-to-form forgings requiring close thickness
tolerances such as turbine blades are normally made on
friction screw presses. Thickness control is not so good on
crank presses due to frame spring and the guidance on
hammers is inadequate for close control of offset. The good
ram guidance and ability to forge die to die on screw presses
allows good control of both offset and thickness.

2.2.5 Light alloy forgings

Conventional light alloy forgings may be made on all
types of forging plant but thin plate type forgings with edge
ribs, draftless precision forgings and very large forgings are
usually made on hydraulic presses. The use of hydraulic
presses with light alloys is permissible because dies can be
preheated close to the forging temperature thus com-
pensating for heat losses. Table 2.2 below shows the com-
mercially available ranges of forging plant.

Table 2.2
Forging plant

Normal energy (E-mkg) |Maximum energy (E)
Type of plant or load (L-tonnef) range or load (L)
Friction drop hammers E= 500— 5000 E =40 000
Double acting hammers E = 2000—10 000 E =20 000
Counterblow hammers E = 6000—40 000 E =80 000
Crank presses L= 500— 2500 L =14 000
Friction screw presses L= 100— 3 000 L =16 000

2.2 General applications of forging plant

Although there are wide variations in the products made
on individual pieces of forging plant forgings can be
broadly grouped into categories for which a particular
forging machine is likely to be most suitable.

2.2.1. Axisymmetric and ring type forgings

Because axisymmetric forgings generally do not require
extensive preforming operations to redistribute metal they
are frequently made on crank presses by upsetting cut
pieces.

When the dimensions of axisymmetric forgings demand a
load in excess of available presses they are usually made on
hammers.

2

2.2.6 A note on load and energy estimation in forging

In later sections of this handbook methods are presented
for calculating forging loads and energies and estimating
the plant size needed to produce a given forging.

Usually the drop forger will not have to resort to theo-
retical calculations for plant selection since previous
experience in the manufacture of similar forgings will
indicate the equipment to be used.

Inevitably however occasions arise when a decision has to
be made on whether a particular forging can be made safely
and economically on a given piece of plant. On such
occasions it is essential to make an estimate of the load and
energy reqirements,
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In this section some of the factors which influence the
forging load and energy are discussed. Curve 1 in figure 2.1
shows how the load would vary during the upsetting of a
mild steel cylinder initially 50 mm diameter X 100 mm long
at 1250°C under frictionless conditions. In drawing this
curve it has been assumed that there is no heat loss from the
billet and the deformation rate is very slow so that the yield
strength has been taken as 6 kg/mm?.

Under such frictionless conditions the load at any time is
simply the instantaneous area of the billet multiplied by the
material yield strength.

In practice however friction does occur and so extra load
is required to overcome the frictional forces and cause the
deforming billet to slide across the die faces. Curve 2 in
figure 2.1 shows this increased load assuming a friction
factor of 0.5.

Thus even in the simple case of slow upsetting the load,
and hence energy, will depend on the size of the upset piece,
the friction conditions, the material and forging,
temperature.

In practice there will also be some heat loss from the
billet to the die so that the material ‘yield strength will
change during forging. »

The yield strength of a material when it is hot forged also
depends on how fast the deformation is accomplished. The
faster the rate of deformation the higher is the yield
strength. This phenomenon is called strain rate sensitivity.

In the case of simple upsetting the strain rate at any time
is given by the velocity of the tup V divided by the instan-
taneous height h of the upset piece. Since V has'the units of
mm/lsec and h is in mm the units of strain rate are 1/sec or
sec”'.

Curve 3 in figure 2.1 shows how significantly the load
increases if deformation is performed rapidly instead of
slowly. In drawing this curve a strain rate of 60 sec™' has
been assumed so that the yield strength has increased to a
value of 12 kg/mm? compared with 6 kg/mm? with slow
deformation.

In the case of a forging made with flash the situation is
complicated even further by the fact that additional load
must be built up to extrude material out through the narrow
flash gap into the flash gutter.

This additional load depends on the width to thickness
ratio of the flash land and the load rises very quickly during
the last stages of forging when the flash becomes thin.

Yet another complication is that the design of the flash
land must be varied according to the complexity of the
forging. Complex forgings with tall narrow ribs demand
wide thin flashes to ensure die filling. Also in a real forging
the strain rate will vary throughout the forging.

It is clear from the foregoing statements that any theo-
retical method which is used to estimate forging load should
ideally take account of

(1) material

(2) forging temperature
(3) strain rate

(4) forging complexity
(5) flash gap dimensions
(6) friction conditions.

In addition the method should be mathematically simple
for use by the practical forger. Many plant suppliers
publish graphs relating forging load to the plan area of a
forging as shown in figure 2.2. Whilst such charts are
undoubtedly simple to use they are of little value if an
accurate indication of forging load is required.

The method of load estimation presented in this
handbook was developed at DFRA and represents a
compromise between accuracy and complexity of calcu-
lation.

3
150r
1404
1 no friction low strain rate
130L 2 friction low strain rate

3 friction high

strain rate

tonnef

Load

Height of upset

FIG. 2.1
Forging load when upsetting a cylinder under different conditions.

piece - mm

3000
@
L—,-: é——l \@é\ N
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c -
< 2000 N/ UTS of material
o )
1 at room temperature
?
kel
o
c
@ 1000
o
w
1 1 1 1 1 1 1 1
20 40 60 80

A = Plan area in 000's mm?

FIG. 2.2
Typical plant manufacturer’s foad estimation graph.

It is only recommended for use in estimating forging
loads on crank presses and friction screw presses since the
yield strength assumed is appropriate only to typical strain
rates encountered on these machines.

It does however take into account most of the require-
ments previously listed since flash gap dimensions, forging
complexity, forging material and forging temperature are
all considered.

The method is described in detail later and examples of
its application are given. It must be stressed that where
calculated loads are close to the capacity of the forging
machine the load should be monitored during forging trials.
The cost of installing load measuring equipment is neglig-
ible compared with the cost of the plant which it protects.

The estimation of forging energy is even more difficult
than the estimation of the final forging load since the shape
of the load-displacement curve up to the maximum load is
required.



The manner in which load-displacement curves vary
according to the particular forming operation has already
been indicated in figure 1.1.

If the maximum forging load and the die displacement
under load are known the approximate forging energy
required may be calculated as follows.

Consider the load-displacement diagram shown in figure
2.3. Suppose the maximum forging load is 1000 tonnef and
the displacement under load is 50 mm.

Then the area under the rectangle shown by the chain
dashed lines is
E =50x% 1000 =50 000 mm-tonnef
or 50 000 mkg.

The actual forging energy may be estimated by multi-
plying this value by a fractional correction factor which
represents the ratio of the true area of the load-
displacement curve (ie, the area under the solid line curve)
to the area of the rectangle. '

The value of this correction factor will depend on the
type of forming process. Suggested values for the
correction factor are shown in figure 2.4.

The forming process depicted in figure 2.3 is a forging
operation so that the energy multiplication factor is 0.25.
Thus the estimated forging energy is given by

E=50000x0.25=12 500 mkg

3 HAMMERS

According to their mode of operation hammers may be
divided into three types:

(1) Gravity drop hammers

(2) Double acting hammers

(3) Counterblow hammers

3.1 Gravity drop hammers

In gravity drop hammers the tup is lifted by some
arrangement and then allowed to fall freely under gravity to
strike a forging blow. Depending on the lifting mechanism
used it may be possible to vary the drop height of each blow
(variable stroke hammers) or alternatively the drop height
may be constant (fixed stroke hammers).

Fixed stroke hammers strike their full energy at every
blow and if used for fullering and rolling operations the gap
between the dies must be carefully selected since gradual
deformation cannot be achieved by the stamper controlling
the ““weight’’ of each blow which is possible with variable
stroke hammers.

The board hammer (figure 3.1a) is a fixed stroke hammer
in which the tup is fixed to a number of hard wood boards
which are gripped between rotating cylinders to lift the tup.
At the top of the stroke the boards are released and the tup
is allowed to fall.

Belt lift hammers (figure 3.1b) have the tup attached to a
belt which passes over a rotating shaft. When the belt is
engaged on the shaft the tup is lifted and falls as soon as the
belt is disengaged. In hand driven hammers the drop height
can be varied at will whilst with treadle operated hammers it
is usually possible to select a short (light) or long (heavy)
blow depending on the treadle position.

A third type of gravity drop hammer is the piston type
(figure 3.1c). In this the tup is attached to a piston and is
lifted by the application of fluid pressure below the piston.
Alr oil or steam may be used although steam hammers are
gradually disappearing.

3.2 Double acting hammers

In double acting hammers (figure 3.2) the tup is again
attached to a piston and is lifted by fluid pressure. During
the forging stroke the weight of the tup is augmented by the :
application of fluid pressure to the top of the piston thus
increasing the energy of the blow compared with a gravity
drop hammer of the same tup weight.

4

load -~ tonnef

Forging

000/~ — — — — = — - — —

Displacement - mm

FIG. 2.3

Typical forging load — displacement curve.

Load

Slide Displacement

Closed die forging
(with flash)

Upset forging
(without flash)

_

m=1/2

Coining

FIG. 2.4
Energy estimation factors.
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Another a}dvantage»of the double-acting hammer is its
greater striking rate compared with a gravity drop hammer
of the same energy rating.

Double acting hammers may be of the ram type or the
piston rod type (figure 3.3). A larger pressure cylinder is
used with the ram type thus providing a greater blow energy
than with the piston rod type. This enables the stroke on
ram type machines to be reduced for a given blow energy
thus resulting in a faster striking rate than is obtained with a
piston rod hammer of equivalent energy capacity.

The additional weight of the ram also allows a shorter
tup to be used and this together with the reduced stroke
length gives the ram type hammer greater rigidity and
stability than the piston rod hammer.

The original double acting hammers were steam operated
but these gradually gave way to air operated hammers.
From about 1960 however several manufacturers have
developed hydraulically actuated double acting hammers.

A degree of controversy exists over the relative

/ economics of air and hydraulically operated hammers.

i Manufacturers of the air driven units point out their
() lower initial capital cost and their higher striking rate which
o it is claimed leads to higher production rates.

ij Makers of hydraulic hammers on the other hand point to
() their lower running costs and claim that there is in fact little
- difference in production rates since the very high striking
(J rates of air operated hammers can rarely be achieved in

) actual production forging due to the need for handling
work in the dies.

(} In deciding the overall economics the forger must

o, therefore consider carefully the type of work for which the

gﬁ hammer is to be used.

(] The case for air hammers is presented in ““A study of the FIG. 3.3a

s economics of die forging’” by H J Marczinski and H Ram type double acting hammer.

{3 Hampe, published in Metallurgia and Metal Forming,
August 1977.

The counter claims for hydraulic hammers are contained
in a Lasco publicity leaflet entitled ““Energy Conservation’’

113

FIG. 3.1

Types of drop hammer:
(a) Board hammer (b} Belt lift hammer (c) Air lift hammer.

FIG. 3.3b

FIG. 3.2
Double acting drop hammer. Piston rod type double acting hammer.




3.3 Vertical counterblow hammers

In the vertical counterblow hammer as shown in figure
3.4 and 3.5 two large tups of nearly equal weight are driven
towards each other during a forging blow.

Fluid pressure is applied above the top ram assembly to
drive it downwards and a steel band or hydraulic arrange-
ment links the two tups so that the bottom one is
simultaneously driven upwards.

This upwards movement of the bottom tup by an
appreciable distance prevents preforming work off-the-bar S 2 ‘
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on counterblow hammers. They are used therefore for cut
piece work often forged in a single die impression.

Vertical counterblow hammers compete mainly with the ( )

~
A

larger sizes of gravity drop hammers and are favoured in
situations where ground conditions are unsuited to bear the
heavy anvil and foundation weights used with gravity drop

QO

hammers.
The striking velocity of the tups in a counterblow . 1 ;
hammer is only about half that of a gravity hammer and ' e ’ Cj
thus to maintain energy ratings very heavy tups are used. O
©
FIG. 3.4 6:)
Counterblow hammer., ()

O

FIG. 3.5
Counterblow hammer.
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Automated Forging Line with:

Electrically-oilhydraulic BECHE-PRE-FORMING PRESS
type PH 4S with hydro-shock installation

pressure power 4 MN

with an automatic tool for chamfering and upsetting
operations

Electrical-oilhydraulic BECHE-SHORT-STROKE DIE
FORGING HAMMER

type KGH 5 B with top pressure blow capacity 50 kJ
with hydraulic ejector in anvil insert

Electrical-oithydraulic BECHE-CALIBRATING AND
TRIMMING PRESS

type PH 8 K

pressure power 8 MN

BECHE-DOUBLE-ARMED AUTOMATIC
MANIPULATOR
with hydraulic drive

BECHE & GROHS GMBH

5609 Hickeswagen, Tel. (02192) 20 11-15, Drahtwort Béché, FS 851 7

FORGING:

In one impression with approx. six blows, lifting by
ejector.

TRIMMING AND CALIBRATING:

In one stroke in combined tool; three surfaces of
20 mm O will be calibrated.

The complete production process is automated, i.e.
the production line is interlinked with a BECHE-
Double-Armed Automatic Manipulator. One person is
required for operation.

The cycle of the Forging Line is approx. 15 sec.




The West German company Langenstein and Schemen
AG (Lasco) has developed a form of counterblow hammer
which differs in several important features from conven-
tional ones.

The design of the hammer is shown schematically in
figure 3.6. When a blow is initiated pressure is applied to
the hydraulic cylinder (a) which drives the top tup
downwards. Simultaneously the oil pressure in the
hydraulic cylinders (b) above the frame is released allowing
the machine frame and bottom die to be driven upwards by
the air cylinders (c).

On completion of a blow the top tup is lifted to its upper
position and the application of oil pressure above the
cylinders (b) drives the frame downwards recompressing the
air cylinders (c).

This arrangement results in a much shorter travel of the
bottom die than in conventional counterblow hammers.
Depending on the size of the hammer the bottom die travel
is only 120-150 mm and this, together with the low impact
speed of the bottom die is claimed to prevent shallow
forgings bouncing from the die impression.

Another feature of the machine design is that the upper
ram is guided in the machine frame rather than having top
and bottom separately guided.

This results in a reduced number of slides to be adjusted
and allows reduced gib clearance compared with normal
counterblow hammers.

3.4 Horizontal counterblow hammers

A horizontal counterblow hammer often referred to as an
Impacter has been developed by the Chambersburg
Engineering Company of America. The principle of
operation is illustrated in figure 3.7.

Two tups of equal weight are driven towards each other
in a horizontal plane by high pressure air. After the forging
blow is struck the tups are returned by low pressure air.

The energy of each blow may be preselected within wide
limits by controlling the time interval during which high
pressure driving air is admitted to the system.

Forgings are made from cut bar lengths which are trans-
ported through the die stations in a vertical position by an
automatic transfer unit as shown in figure 3.8.

Multiple blows may be struck at each forging station and
the transfer mechanism allows the bar to be rotated through
90° either between die stations or in any one station.

Since each forging is made from a cut piece with a tong
hold small forgings are made in multiple platters as shown
in figure 3.9 to minimise bar end losses.

The energy range of impacters is much lower than that
for vertical counterblow hammers, machines with energy
ratings from 400 to 10 000 mkg being available.

The horizontal counterblow hammer therefore competes
with double acting hammers and is used for the rapid
automatic production of forgings where the conventional
sequence of fullering, rolling, moulding and finish forging
is employed.

high pressure stock

striking air ﬂ/ die '
;N ]
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piston / guiide
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FIG. 3.6
Lasco counterblow hammer.
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FIG. 3.8
Transfer unit for Chambersburg Impacter.

3.5 Hammer characteristics

Figure 3.10 illustrates a load-deformation diagram when
producing a forging under a hammer. At each blow load
builds up and deformation proceeds until the energy of the
tup is used up. Not all of the tup energy however is used in
deforming the forging.

On striking the forging the tup and top die assembly have
a certain kinetic energy Ei. Neglecting minor energy losses
this applied energy is dissipated in three ways as illustrated
in figure 3.11. .

Some of the energy is used in plastically deforming the
forging and this is the useful energy of deformation Egq.
Some of the energy is used in accelerating the anvil and
foundations downwards and is lost energy performing no
useful deformation. This anvil loss energy E, depends on
the ratio of anvil to tup weight and also on the maximum
load generated during the blow.

Load

Blow 1 2 3 a4

Tup movement ——e—
—— Height of forging

FIG. 3.10
Load-deformation diagram for hammer forging.

The second energy loss is that part of the applied energy
which is used in elastically deforming tup, dies and anvil.
This elastic energy loss E. again depends on the maximum
load developed and also on the dimensions of the deformed
members.

The efficiency of a hammer blow may be defined as the
ratio of useful deformation energy to the total blow energy.

ie Efficiency e =Eq/Ek
Since the energy losses E; and E. increase with maximum
load it follows that the efficiency of hammer blows
decreases with succeeding blows. This is illustrated by the
diagram in figure 3.12, which shows that a stage is
eventually reached where very little energy is being used for
deformation and the striking of further blows is thus
ineffective. Figure 3.12 also shows that there is a maximum
load which any hammer can generate and this occurs when
a full energy blow is struck die to die.

Thus although the hammer is defined as an energy
restricted forging machine it does also have a maximum
load capacity.

The situation when forging on counterblow hammers is
slightly different since no anvil energy loss occurs. Elastic
deformation energy losses E. however still occur and
counterblow hammers still have a limiting load capacity.

For a given energy input counterblow hammers are more
efficient than anvil hammers and perform more deforma-
tion per blow due to the absence of anvil energy losses. The
increase in efficiency is relatively small however and will
not exceed a maximum of 10% even on hard blows.

Forging load —e

Anvil loss E,
. . A
Elastic strain loss
Ee
Total Energy Ej
>
>
]
c
w
Plastic deformation energy Ed/
Soft Type of blow Hard
FIG. 3.11
Energy dissipation in hammer forging.
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FIG. 3.12
tnfluence of deformation per blow on hammer efficiency.



3.6 Hammer foundations

Figure 3.13 shows a schematic arrangement of a hammer
foundation. The heavy anvil sits on a reinforced concrete
foundation block. Originally oak timbers were placed
between the anvil and the inertia block to distribute the load
on the concrete. In modern installations however a special
resilient rubberised fabric mat has replaced the timber.
When a hammer blow is struck the anvil and foundation are
accelerated downwards and thus the ground below the
foundation is loaded and deflects elastically in the manner
of a spring. The frequency and amplitude of the vibrations
set up in the ground depend on the design of the foundation
and the type of ground structure.

The design and construction of hammer foundations
requires detailed civil engineering knowledge and experts in
this field should be consulted to deal with individual cases.

Figure 3.14 shows the order of magnitude of the size of
solid foundations as a function of hammer energy rating
and is based on manufacturers’ published recommenda-
tions. It is not meant in any way to serve as a design guide.

The ground vibrations set up when using solid founda-
tions can be quite severe and over the last twenty years or so
it has become increasingly common to use sprung founda-
tions as illustrated schematically in figure 3.15.

The principle of these anti-vibration mountings is to
interpose a spring between the concrete inertia block and
the ground. During forging the energy of the moving anvil
and inertia block is largely absorbed by deflection of the

springs with consequent reduction in ground deflection and
vibrations.

Because the springs used must be relatively soft to be
effective dampers are usually required to damp out the
oscillation of the hammer-anvil-inertia block assembly.

A more recently developed method of anti-vibration
mounting utilises a sophisticated spring and damping
systemn interposed between the anvil block and a concrete
well as illustrated in figure 3.16. This system effectively
removes the need for the concrete inertia block and in spite
of the higher cost of the special spring-damping system can

prove cheaper to install than a conventional anti-vibration
system.

-This system is supplied by the German company GERB
Gesellschaft fiir Isolierung GmbH & Co KG. A double
acting hammer mounted on a GERB sprung foundation is
shown in figure 3.17.

Anvil Resilient
pad

Concrete inertia block

Dimension - metres

Hammer Foundations

5000 1000 15000 20000
Hammer Energy - mkg
FIG. 3.14

Dimensions of hammer foundations.
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The Chambersburg
Die Forger

You can duplicate the profitable experience of pro-
gressive forge shops around the world with the air-
operated programmable Chambersburg Die Forger.
20% increased productivity, or more, over gravity
drop hammers is common, because the Die Forger
strikes up to 100 blows per minute.

Infinitely variable blow energies between 35% and
100% of rated size produce better metal flow, mini-
mum shock to hammer, maximum die life.

The -operator's skill is programmed in. The Die
Forger can conduct itself through a pre-set cycle
or can be _!lnterrupted or delayed at will.

The Die Forger's flexibility through its program con-
trols permits it to handle a variety of jobs. Optimum
forging programs are available for a wide range of
work duplicating the capabilities of different sizes
of gravity drop hammers.

Makes All The Difference

Easily integrated with an automatic stock heating
system and/or robot operation.

Advanced design features fewer, more durable
parts, reliable solid state electrical controls for long
life.

The Chambersburg Die Forger is available as a com-
plete machine or as an upperworks conversion to
suit most 20:1 ratio gravity and power drop hammer
anvils.

Contact us for more information on how the Die Forger can
make a profitable difference in your shop.

First In Programmable Drop Forging Hammers

CHAMBERSBURG

ENGINEERING COMPANY

P.O. Box V, Chambersburg, PA 17201 U.S.A.
Phone (717) 264-7151; TWX 510 650 4964

ESCOLA DE E..__viienin
BIBLIOTECA
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FIG. 3.16
Special gerb sprung foundation obviating need for inertia block.

3.7 Hammer selection

In deciding what size of hammer to make a given forging
on, the load and energy requirements to produce the
forging are the most important considerations.

If the hammer used is too small it may not be possible to
get the forging down to the correct thickness due to
inadequate load capacity and even if this is achieved an
excessively large number of blows will be required due to
inadequate energy capacity.

Conversely if too large a hammer is used the plant
overheads borne by the forging are excessively high and
damage to the dies and hammer may ensue due to the
excessive energy used.

Thus the concept of an optimum sized hammer for a
given forging is easily envisaged but that optimum size is
less easily defined.

Table 3.1 below gives an approximate relationship
between hammer size and weight of forging.

Table 3.1

Selection of hammer size as a function of forging weight

Blow energy
Weight of forging Hammer blow energy per kg weight
kg energy mkg mkg/kg
upto 1.0 1370 1370
2.25 2060 916
4.5 2740 609
7.0 4100 586
9.0 5460 607
13.5 6830 506
23.0 8200 357
32.0 10900 341
above 34.0 >10900 320 or less

12

FIG. 3.17

As the forging size increases the blow energy per unit
weight decreases due to reduced heat losses from larger
forgings so that more blows can be struck before the
forging becomes excessively cooled.

Table 3.2 relates forging energy required to the plan area
of the forging including flash.
Table 3.2

Selection of hammer size as a function of plan area of
forging plus flash

Material Energy factor mkg/mm?
Aluminium alloys 0.048—0.070
Carbon steels 0.054—0.075
Alloys steels 0.075—0.107
Stainless steels 0.086—0.150
Titanium alloys 0.128-—0.193
Heat resisting alloys 0.150—0.257

Neither of these methods can be expected to give more
than a rough guide to hammer selection since they do not
take into consideration the complexity of the forging.

A more reliable method of hammer selection has been
described and its use is illustrated below. The information
required in this mfethod is
(1) the volume or weight of the forging plus any forged

webs and the material in the flash land but not in the
flash gutter — Vt or Wt.

the plan area of the forging including the flash land
and any webs — At. The mean thickness of the forging
tm is then found from tm= Vit/At.

Knowing the mean thickness and the plan area figure
3.18a or 3.18b may be used to determine the required
hammer size in terms of energy rating.
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Example
For the forging shown in figure 3.19 the following data
apply:
Weight—g Volume—cm?® Plan area—cm?

Forging proper 2400 305 113
Web 180 23 _ 38
Flash land 110 14 80

total Wt =2690 Vi=342 At= 231

The mean thickness of the forging t= Vt/At=1342/231 =
1.5 cm =15 mm. Referring to figure 3.18b the intersection
of t=15 mm and At=231 cm? indicates a hammer energy
requirement of 3000 mkg.

Alternatively the same hammer size can be determined
from the intersection of Wt=2.69 kg and At=231 cm?.

In practice a hammer size within +15% of the rated one
may be used without serious loss of efficiency. Thus for the
forging considered any hammer in the range 2500-3500 mkg
could be used.

The hammer energy estimated by this method is
applicable to carbon and low alloy steels. Where other
alloys are being forged the required hammer energy can be
estimated by applying the approximate alloy correction
factors shown in table 3.4.

Table 3.4

Hammer energy alloy correction factors

Alloy Correction factor
Aluminium alloy 0.9
Alloy steels 1.3
Stainless steels 1.8
Titanium alloys 2.5
Heat resisting alloys 3.1

Thus if the forging considered in the example had been
made in stainless steel the approximate hammer energy
required would have been

300 x 1.8=5400 mkg

Frequently due to the lack of a hammer of optimum size
or the need to balance plant loading forgings are made on
non-ideal hammers. The foregoing however is a useful
guide to selecting the hammer for a given forging.

The approximate number of forging blows required in
the moulding and/or finishing impressions may be
determined from figure 3.20. Thus for the forging
considered the flash weight was 510g thus

% flash=(510/2690) x 100=19%

The intersection of 19% flash and a forging weight of
2.69 kg in figure 3.20 indicates that 8 forging blows are
required. This however refers to the use of the “‘optimum”’
hammer determined from figure 3.18. If a hammer of a
different energy rating is used the number of blows required
must be corrected by multiplying by the factor F where

ideal hammer energy rating

actual hammer energy rating

For example if a 3500 mkg hammer was used for the
forging considered instead of the optimum 3000 mkg
F=3000/3500=0.86 and the number of blows required
would be 8§ x0.86=6.9 say 7.

It must be emphasised that this number of blows is the
number required for forging in the mould and finish
impressions and does not include any fullering, rolling or
bending blows. )

_In cases where the amount of flash is not known precisely
figure 3.21 may be used to obtain a rough estimate of the
percentage flash for use with figure 3.20.

This method of hammer selection is based on a paper
presented by A Chamouard at the 8th International Drop
Forging Convention 1974.
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FIG. 3.20
Chart for determining approximate number of finishing biows.
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% Flash to be used in conjunction with Figure 3.20 when
estimating number of finishing blows
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> Hunt Bros. Oldbury Ltd

Registered Office: WEST BROMWICH STREET - OLDBURY
WARLEY - WEST MIDLANDS B69 3AT

ENGINEERING DIVISION
~ OVERHAULS AND REPAIRS

© * Your existing hammers can
%; be rebuilt to your required
0 standards from simple

small machining operations
to complete re-builds
including up-rating and
design changes |

* We manufacture and
supply spares for most
types of machines,
including tups, sow
blocks, grear shafts, piston
rods, etc.

* We can custom-build
hammers to meet your
own particular
requirements

Picture above shows a combination of
design features. Customer designed legs
on Hunt Bros. design base.

TELEPHONE 021-552 3891/2/3/4
TELEX 339103 HUNBRO G

Let Hunt’s repair it for you
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3.8 Hammer manning and plant layout

Plant layout and the manning system used_ on hammer
forging have a significant effect on plant utilisation and
production rate.

In this section some of the more common layouts and
manning systems are described together with the factors
which influence hammer utilisation.

3.8.1 Off-the-bar forging with rotating stampers for small
to medium size forgings

Figure 3.22 shows some typical plant arrangements for
small and medium sized hammers utilising the basic
‘“‘rotating stamper’’ method when forging off-the-bar.

In this method a stamper. takes a bar from the furnace
then moves to the hammer to make the forging. He then
moves to the clipping press, clips the flash, cuts the forging
from the bar and returns to the furnace and replaces the bar
before removing another bar to begin the cycle again. This
method of forging may be operated with orie, two or three
stampers working on the same hammer (figure 3.22a).

An alternative to this method is the introduction of a
shear on which the stamper cuts the unclipped forging from
the bar, the piece then being clipped by an additional
operator (figure 3.22b).

Another alternative is for the stamper to cut the forging
from the bar at the hammer for clipping by another
operator (figure 3.22¢ and 3.22d).

In understanding how layout and manning affect produc-
tivity it is necessary to consider certain basic time elements
involved in the forging cycle. These are defined below.

B =basic cycle time. This is the time taken for one
stamper to complete all the opera-
tions involved in making one
stamping including returning the
bar to the furnace.

This basic cycle time B is comprised of the following time
elements:
H =stamping time.  This is the actual stroking time of
the hammer in making one forging.

C =change over time. This is the time which the hammer
: is at rest to allow removal of the
forging from the hammer and the
positioning of the next bar prior to
striking the first blow. Typically

this time is about two seconds.

T is the total hammer time per forging and is the sum of H
and C, ie T=H +C.

R is the plant layout time given by the basic cycle time less
_ the total hammer time, ije R=B—T.

U is the hammer utilisation given by the total time the
hammer is in use by all stampers divided by the basic
cycle time B.

U=nH/B where n is the number of stampers.

The above terms will be more clearly understood by
reference to figure 3.23 which shows multiple activity charts
for a forging made by one, two or three stampers.

e

-

cp

No| «

LCONVEYOR ] @

F = furnace
H=hammer

© -

C P = clipping press
= stamper

Clipping press operator

FIG. 3.22
Forging plant layout arrangements for small and medium size forgings.

B B B

1st Stamper i T T T
i
2nd  Stamper [ -1 [
3rd Stamper i [
Hammer . Hyo 8, cHy B, H,
a 1 Stamper b 2 Stampers c 3 Stampers
FIG. 3.23

Activity charts for hammer forging.
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With one stamper it is easily shown that hammer
utilisation is given by
U=H/Bor U=H/T+R

Since R can never be zero maximum utilisation of the
hammer can never be achieved.

For two stampers
U=2H/B or U=2H/T+R

In this case utilisation increases as the hammer time H
increases up to a maximum value of H=R-C. For
forgings which require a hammer time H greater than this
the second stamper is waiting at the hammer whilst the first
completes his forging operation.

In the case of three stampers hammer utilisation increases
as H increases up to a value of H= %2R —C. Beyond this
value of H queuing of stampers at the hammer occurs.

These theoretical concepts are summarised by the graph
of figure 3.24 which shows how hammer utilisation U is
affected by stamping time H for different manning levels.

It is clear from figure 3.24 that to effectively use three
stampers requires short hammer times, ie relatively few
blows can be struck unless queueing at the hammer is to
occur. Forgings requiring a longer hammer time may be
more effectively made using only two stampers.

Whilst the exact number of forging blows which deter-
mines manning level depends on many factors a general
guide is that forgings requiring only eight blows or less in
total will support three stamper manning. Two stampers are
usually effective for forgings up to about 16 total blows.

A good indication of optimum manning levels required
for a hammer can be obtained by plotting a histogram for
the forgings made on the hammer as shown in figure 3.25.
In this particular illustration it is clear that hardly any of
the forgings made are suitable for three stamper operation
(ie eight blows or less) but a large proportion of forgings
can be efficiently made using two stampers (ie 16 biows or
less). Thus for the hammer under consideration two
stampers should be employed whenever possible.

3.8.2 Cut piece forging with a single stamper
Off-the-bar forging with rotating stampers appears to
have been introduced into Britain immediately after the
§econd world war and is still the most widely used method
in mass production forges using multiple impression dies.

The method however is not universal and several reporys -

of visits to foreign forges have shown that other productiop
methods are used there. It is therefore worthwhile descrip.
ing techniques for forging from cut pieces using a single
stamper.

One objection to using cut pieces has been the need for g

tonghold which if used with every forging represents a
significant wastage of material. :

Two techniques have been developed to overcome this ‘.
problem. In the first several forgings are made from one cut

piece in one heat. The first forging is stamped and cut from

the bar in the hammer and then a second and sometimes g ¢
third are similarly made. In this way the tong hold wastage ..

is distributed over two or three forgings.

g Suitable for
§ w .
o 2 [«=— 3 stampers —{=— 2 stampers 1 stamper
o 20}
[ *
o
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5 10 15 20
Number of hammer blows
FIG. 3.26

Frequency distribution of total number of forging blows for a
drop hammer.
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Obviously this method is most suited to forgings which
do not require excessive preforming and which can be made
in a few hammer blows. The number of blows which can be
struck in one heat and the number of blows per forging will
determine how many forgings per heat can be made. Alter-
natively forgings may be made in multiples which increases
the required hammer size and the cost of dies and clipping
tools. :

Another method of making forgings from cut pieces
which has been developed, especially in Japan, is to use a
piece long enough to make two forgings. The first forging is
stamped in a conventional manner and the bar is then
turned round so that the first forging is used as the tong-
hold to produce the second forging. Sometimes specially
adapted tongs are used to produce the second forging.
Forgings requiring up to 12 blows each have been made by
this method.

Whichever of the two cut piece methods is used it is usual
to have a furnaceman feeding the single stamper with cut
pieces and a separate clipping press operator.

Cut piece working has several potential advantages over
off-the-bar forging. Firstly the operator only handles the
weight of steel necessary to make the forging. In off-the-bar
working it may be necessary to carry a 15 kg bar to make
the first 2 kg forging for instance. It is not unusual with this
method of working for a stamper to handle 5-7 times the
weight of forgings produced.

In cut piece working high production rates can be
achieved with only one skilled stamper. Similar production
rates in off-the-bar forging would require two or three
skilled men.

Another advantage of cut piece working is the possibility
of using improved heating methods. With off-the-bar
forging slot furnaces are almost mandatory but with cut
pieces rapid heating or even induction or resistance heating
can be contemplated. Cut piece working also offers consid-
erable scope for the introduction of mechanical handling.

The disadvantages are of course the need to shear-or saw
the cut pieces and a possible increased material wastage.

It is of course impossible here to define where each
method would be most economical since this involves cost
exercises for each individual forging.

Overhead Rails

@ stamper

@ furnace man

F - furnace
H - hammer

CP — clipping (® hammer man

press
FIG. 3.26
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HOTW(;RK RECUPERATIVE BURNERS ON A 200 TONNE FORGE FURNACE.
(Photograph by courtesy of B.S.C. River Don Works)
The Hotwork Group's complete combustion
engineering service can save fuel
in your industrial heat process, including:
® Forging e Heat Treatment
@ Ladle and Tundish Drying and Preheating

Please ask for our literature.

.n' hid

HOTWORK INTERNATIONAL LTD
Low Road Earisheaton Dewsbury West Yorkshire WF12 8BY
Tel: Dewsbury 0924-463325/469585 Telex: 557422

3.8.3 Plant layout for larger forgihgs

When the forging weight becomes too large to be handled
in bar lengths, forgings are made from cut pieces and plant
layouts often incorporate some form of mechanical assis-
tance for handling the heavy weights involved.

Two typical layouts and manning arrangements are
shown in figures 3.26 and 3.27. Medium sized forgings can
be handled by tongs carried on chains slung from overhead
rails. Very large pieces are usually handled by manipu-
lators. ‘

New heavy hammer installations usually incorporate
more sophisticated mechanical handling techniques.
Furnaces are automatically loaded and unloaded and
transport between the various work stations is achieved by
handling devices.
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F  —tfurnace H ~hammer
—-stamper  CP-clipping press
~driver M- mate
FIG. 3.27
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4 FORGING PRESSES

4.1 Press drive mechanisms

All presses whether designed for forging or other
operations depend for their action on a rotating eccentric
mechanism which drives the ram of the press by means of a
direct or indirect connecting mechanism.

The main types of eccentric drive which are shown in
figure 4.1 are

(1) The eccentric shaft
(2) The crankshaft
(3) The eccentric gear

For heavy-duty forging presses an eccentric shaft is
normally used since this design is more rigid than the crank-
shaft and it also allows an improved crown construction
which reduces press spring.

Eccentric gears are frequently used on wide ram
trimming and preforming presses.

qp

Eccentric shaft Crankshaft

L

integral gear
and eccentric

FIG. 4.1
Drive arrangements for presses.

The eccentric drive may be a direct one with the flywheel
connected to the eccentric mechanism or a greared drive.
The use of a geared drive allows a high shaft speed to be
used with a corresponding reduction in flywheel size for a
given energy capacity.

The various geared drive arrangements which may be
used are illustrated in figure 4.2.

A B

FIG. 4.2
Drive arrangements for presses.
A Direct drive B Single geared drive
C Double geared drive D Single geared twin drive

The various ways in which the rotational movement of
the eccentric is converted to linear movement of the ram are
shown in figures 4.3a to 4.3e.

‘The most common connection is the pitman or connect.
ing rod illustrated in figure 4.3a.

FIG. 4.3a
Crank press mechanism.

The German company Maschinenfabrik Hasenclever has
recently introduced a variation of this which they refer to as
a “‘pressure ring’’ press. The main feature is a very short
connecting rod as shown in figure 4.3b which acts directly
on the ram via a thrust socket rather than via the conven-
tional wrist pin.

The reduction in length of the connecting rod is claimed
to reduce press spring and because it is lighter than the
conventional connecting rod it is easier to accelerate and
brake thus leading to higher stroking rates and reduced die
contact times.

2
U000

Thrust -ring

Eccentric shaft

Thrust bearing

o o o o
1]

Ram

FIG. 4.3b
Hasenclever pressure ring mechanism.
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Power
Clamping

Low-pressure hydraulic
circuits rigidly ctamp the
wedge assembly together.
Simply.holding a push-

button adjusts wedge.
die set.

A multi-purpose hydraulic wedge for
our MAXI (new mechanical forging
Maxipres) offers four operational,
time-saving conveniences:
1. Power clamping
2. Push-button die adjustment
3. Stall release
4. Digital readout
Getting press dies set for
in-tolerance forging thickness canbe
atedious job of shimming. Then, with
all set and production under way,
heat expands everything and you
lose thickness tolerance. Stop,
reshim and start over. Lost
production.

Push-
Button
adjustment

To adjust lower dies, simply
press “WEDGE UP" or
“WEDGE DOWN" push-
button. A hydraulic motor
raises or lowers the bottom

Stall
release

A simple procedure admits
high-pressure hydrautic
fluid to both sides of the
center wedge. Seals contain
the fluid and permit large
areas between the wedges
to become pressurized,
forcing the surfaces apart,
letting the center wedge
move to relieve the stall.

Now, with a hydraulic wedge, you
can adjust forging thickness in
seconds, with the touch of a button.
More production. Quality, close-
tolerance forgings. And, if you stall
the press during a forging blow,
powered stall release gets you going
quickly without burning out dies or
other costly operations.

The wedge package is completely
sealed, shutting out dirt and scale.

Digital
readout

An electronic digital display
shows wedge position in
hundredths of a millimeter
fromQto 12 mm.

NATIONAL MAGHINERY CO.. TIFFIN, OHIO. U.SA. 44883

Hydraulic fluid effectively lubricates
the large wedge surfaces to keep
them working freely. For more
detailed information, call or write.

NATIONAL MACHINERY G.m.b.H.. 8500 NUERNBERG.

GERMANY
U.K. OFFICE: 30 BOLDMERE ROAD, SUTTON COLDFIELD,

© WEST MIDLANDS B73 5TD. ENGLAND PHONE: 021-355-1717

DESIGNERS AND BUILDERS OF HOT AND COLD
FORGING MACHINERY



Another German manufacturer, Eumuco Aktiengesell-
schaft fiir Maschinenbau, has introduced a design in which
the eccentric and connecting rod activate a wedge which
drives the ram as illustrated in figure 4.3c. The advantages
of this design are reduced ram tilting and a greater ability to
perform off-centre loading as discussed later.

2

FIG. 4.3c
Wedge press mechanism.

The American company, Erie Press Systems, uses a
Scotch-yoke mechanism as shown in figure 4.3d, to drive
the ram.

As the illustration shows the press ram contains a split
eccentric block. As the eccentric shaft rotates the block
moves from side to side and up and down causing the ram
movement.

The advantages claimed for this design are improved

' press stiffness due to a reduction on overall height of the

machine compared with conventional connecting-rod
presses and good off-centre loading capabilities.

F\"] \Eccentric shaft/ vore ‘—’V:
NNNRVAN
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FIG. 4.3d
Scotch yoke system.
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In the knuckle-joint press illustrated in figure 4.3e, the
connecting rod driven by the eccentric actuates a knuckle.
joint system.

As will be explained later these presses are characterised
by a short stroke length and high load capacity and are not
normally used for forging operations.

Where a connecting rod system is used to drive the press
ram one, two or four rods may be used as illustrated in
figure 4.4. The number used influences the load distriby-
tion which can be used on the press bed, the stiffness of the
press and the extent of ram tilting as will be explained later,

Fixed

i
s 4
o)

FIG. 4.3¢
Knuckle joint press mechanism.

O




()

AN N
0T o s
R e

{

oy

{

]

Y ey
K i H
LN S OV A

S

™y I A

L

O ¢

Pk o
$36

&,

Q0

@]

e

JoYeletcy

g

-

i
:u
=
=

5000 TONNE DIE- FORGING PRESS

designed for automation with:
e new frame and ram guiding system conception
e motorized ram height adjustment
e new clutch-brake and electro-pneumatical control
e sound attenuation
¢ feeding robot

newly designed precision die-forging presses.
cold and warm forging mechanical presses.
billet shears. ’

complete automation for all forging
operations — (transfers, feeders,
extractors...}

fast tool change-over.
improved working conditions.
e capacities up to 8000 metric tons.

BRET Presses & Shears
B.P. 43

27130 Verneuil/Avre, France
Tel. (32) 32.15.90

BRET's agents in the United Kingdom

BRIAN DE THAME LTD.,
BEWDLEY,

WORCS.

DY12 2DX.

Telephone: Bewdley (0299) 403012
Telex:-335672 (KIDCOM)

Telex—770479
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1 Point 2 Point
7
4 Point
FIG. 4.4

1. 2 and 4 point presses.

4.2 Press load-stroke characteristics

In forging presses, unlike hydraulic presses, the
maximum rated load is not available over the whole of the
ram travel or stroke. Figure 4.3 shows schematically the
linkage arrangements in an eccentric and a knuckle-joint
press.

In the eccentric drive if the maximum torque available is
T the load rating F at any crank angle 8 is given by
P =T/0C (see figure 4.3a).

In the knuckle-joint press the force P acting on the
linkage is similarly given by P =T/OC (see figure 4.3¢) but
the toggle-system increases the available forging load Fto a
value given by F=P/2tan o« Thus for the knuckle-joint
press the available load at any part of the cycle is given by

F=T/2 OC tan «

These relationships lead to load-stroke characteristics as
shown in figure 4.5. The knuckle-joint press develops high
load ratings only close to bottom dead-centre (BDC) and
such presses are characterised by a high load capacity but
only a short useful stroke length. This makes them usually
unsuitable for general forging work but ideal for such
operations as coining and embossing. Their suitability for
such work is evident by comparing the shape of the load-
stroke curve shown in figure 4.5 with that required for
coining (see figure 1.1e).

[

Load
T

Crank or
eccentric press

\

| Knuckle - joint press

~=——— Distance from bdc

FIG. 4.5
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The load-stroke curve for the eccentric press however is
ideally suited for hot forging as can be seen by comparing
figures 4.5 and 1.1c. :

When rating presses the tonnages at a specified distance
from BDC is quoted. If this figure is known the tonnage
rating at any point on the press stroke may be inferred from
the nomogram and table in figure 4.6.

€ 9 9 92000 00 o k.
S L8 83883 48 Qw0 8 Press stroke mm
44 39 'lz ’2' ~ 1 5 1 ‘
s 31 | 2] 14
£ 24 14 57
. 1 a
S B s e e o
o 1 1 ¢ ”
e 14 M d. b
3 /n/ “ 100
0 1] i /
ZZZX 77 771000
E L LA 7 77
[ L L L L X7 7711 300
<& Sl L L L7 [ ]
L7 7 7177 11 400
° Z L 7 7 7 711
g L L 7 7 7 / / [ 500
B / / / / / I 600
z A A/ A A I N
S AL
+t0 09 08 07 06 05 04 03 02 04 [0}
Tonnage  constants
Rated Tonnage Point
Distance from BDC—mm | 6.4 | 12.719.0 | 25.4 | 31.8 {50.8 76.2
Modification Factor
for Tonnage Constant 071 1.00{1.24 {141 {1.72] 2 | 2.4
FIG. 4.6

The basic nomogram is for presses rated at 12.5 mm from
BDC. For presses rated at other distances the table must be
used in conjunction with the nomogram, Examples of use
of the nomogram are given below.

(1) Consider a press of 600 tonnef at 12.5 mm from BDC
with a stroke of 400 mm. What is the rating 100 mm from
BDC?

Construct a horizontal line a from the 100 mm from BDC
point on the 400 mm stroke line to meet the master curve at
A. Drop a perpendicular b from A to meet the 400 mm
stroke line in the bottom half of the nomogram. This
indicates a tonnage constant of 0.42 and thus the rating 100
mm from BDC is given by 600 x 0.42 =252 tonnef.,

(2) Consider a press rated at 1000 tonnef at 6 mm from
BDC with a stoke length of 250 mm. What is the tonnage .
rating 50 mm from BDC?

The construction lines ¢ and d shown indicate a tonnage
constant of 0.55 but as the table shows a correction factor
of 0.71 must be applied. The press rating at 50 mm from
BDC is therefore 1000 x0.55 % 0.71 = 390 tonnef,

The load-stroke characteristics of the crank press are
ideally suited for forging as shown in figure 4.7a. During
forging the load requirement must be below the character.
istic curve at all times otherwise stalling of the press will
occur as shown in figure 4.7b.

Care must therefore be taken when using a crank press
for an operation such as extrusion where the maximum load
although well below the nominal press rating builds up
early in the stroke and may thus lead to load requirements
in excess of the characteristic curve as shown in figure 4.7¢
by the full curve.
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HOT FLOW
PRESSES

) The LASCO electro-oil hydraulic hot flow or multi-purpose press,

S iy Type VPA, owes its great success, apart from the time-tested Lasco hydraulic
b a , - system, to the extremely short reversing times, in particular, which have a
) : 7;, \ favourable influence on, many functions including tool life.

- ] Lasco will be only too pleased to supply you with further information on this

well proven machine which can be supplied with capacities from 2500 to
31,500 kN, likewise details on the numerous application possibilities and,
of course, on the comprehensive range of:

“Machine-tools, plants and ‘know-how’ for hot and cold forming.”

S
o LASCO high-speed drop forging LASCO deep drawing presses
\) hammers LASCO fully automatic plants
. LASCO double effect hammers
L3 LASCO counterblow hammers
- LASCO forming hammers
(3 LASCO forging impact presses
- LASCO wedge screw die forging
{”“} presses
e LASCO screw presses
(} LASCO multi-purpose presses
o LASCO calibrating presses for progress in
o LASCO preforming presses technology and know-how
- Lﬁgcg dra(\j/vmg units
= LASCO cold extrusion presses
LASCO deep drawing impact presses Sole U.K. agents
ETCHELLS
MACHINERY

LASCO LIMITED
UMFORMTECHN|K Stafford Road, Darlaston, Wednesbury,

MASCHINENFABRIK ; .
GMBH ! SSeResetre West Midlands WS10 8UA, England:

8630 COBURG/BAYERN @ (09561} 642-0°  lelephone: 021-526 2461

Sy 0663249 (Lasco-d) @ Lasco Coburg Telex: 337530 ETMACH G
TA672/b

—‘
Extrusion could be accomplished lower down the press ‘
stroke as shown by the dashed curve in figure 4.7c.

Thus in using crank presses for extrusion care must be
taken to begin the work at the correct ram position and of
course this places a restriction on the amount of ram travel
that can be used for extrusion.

Another factor which must be considered in press forging
is the -forging energy requirement in relation to the
production rate. During a forging blow energy is taken
from the flywheel which consequently slows down. The
flywheel must regain its maximum speed before a further
blow otherwise it will gradually slow down to such an extent
that there is insufficient energy to carry on forging.

Stall position

Load

Forging load

Stroke
b

Characteristic
press

Load

curve of

l

LLoad

Forging load ;

Stroke ———a= Stroke ~———e—

a
FIG. 4.7 FIG. 4.7
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4.3 Press deflection and ram tilting 2:0

During forging on hammers and friction screw presses
the dies are provided with clash faces and are allowed to
come together on the last blow thus effectively controlling
the thickness of the forging.

In press forging however the dies are not usually allowed
to meet since this could cause gross overloading of the
press. When press dies are set up a small clearance is left
between top and bottom die and the flash thickness
developed during forging is determined by how much the
press deflects which in turn depends on the press stiffness 0-2
and the forging load.

Figure 4.8 shows schematically how the distance between
the press bed and the ram varies with increasing load. The
slope of the straight .part of the line after play has been
taken up gives the press stiffness measured in tonnef/mm.

Typically a 1000 tonf forging press would have a stiffness
of about 700 tonf/mm. Such a press used at its rated load
of a 1000 tonf would therefore deflect by 1000 % 1/700 mm
=1.43 mm.

If off-centre forging is carried out on a press the vertical
forces are not uniformly distributed between the press
columns and tilting of the ram will occur. Ram tilt is usually
quoted in mm/m and typical curves are shown in figure 4.9.

The extent of press deflection and ram tilting depend on
the press design. Two point presses with their double
pitman deflect and tilt less than single point presses. The
recently introduced wedge press is claimed to be even more
rigid than the two point press.

The press stiffness influences the area of the bed which
can be used at a given percentage of the load rating as
shown schematically in figure 4.10.

tit mm/m

1-0

Ram

Wedge press loaded at back

FIG. 4.9

T |
[72]
w
¢ 5
a 5 single point press
e 3 two point press - o 60% 85% 100%
2 -
< 0 "
= ® wedge ress '
3 i — =P }
-a 1
° v i f {
i > Load 100
J a FIG. 4.8
80
—_—
0 r ]
P 8 P 80 ' !
<=~ r=—=—-1 | :
! | 60 i | ! !
| |100] | L/ | 100 | I 100 1
L—"3 L= i |
Vg ! '
60 b _
L~ 60
Single point Two point Wedge
FIG. 4.10

Bed area loading diagrams. The areas shown can be loaded at the

percentage rating indicated.
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4.4 Press selection

The main requirement in selecting a press to produce a
given forging is an estimate of the forging load. This will
depend on the material, forging temperature, forging
complexity and the flash land dimensions as already
discussed in section 2.2.6.

Many methods of estimating forging loads have been
presented in the literature but the one described below has
been used extensively at DFRA and has been found to give
close agreement with measured forging loads.

The information required to calculate the forging load is:

(1) the volume of the forging excluding flash Vi, mm?

(2) the length of the forging excluding flash Lo mm
(3) the plan area of the forging excluding flash A, mm
(4) the volume of the flash in the flash land Vi mm?
(5) the length of the forging including flash land Ly mm

(6) the plan area of the flash land. ~ Apmm?
(7) the flash land width/thickness ratio r

2

The forging load is then determined as follows:

The load on the flash land Lg is given by
Lg=6.3An2V 1/(LaVa) ke

The load on the forging L¢, is given by
Lfo=6.3Ar" (1 +1)V 1/(LsoVro) kg .

The total forging load LT is then given by
LT=Lg+Lg
This is the load for a mild steel forging at 1250°C. .

For other forging materials and other forging temp-
eratures the total load LT must be multiplied by a factor
derived from table 4.1.

Three exémples of estimating press forging loads are
given below.

Example 1

The following data apply tb the axisymmetric forging
shown in figure 4.11 forged in mild steel at 1275°C.

Volume of forging excluding flash Vg, =188 451 mm’*
Area of forging excluding flash Afo =9852 mm?
Length of forging excluding flash L, =112 mm
Volume of flash (ie metal in flash

land) Vi =10 200 mm*
Area of flash land An =4 250 mm?
Length of flash Lig =134 mm
Flash land ratio r =36

< L
- L{o

T
L

T

FIG. 4.1

The load may now be calculated as follows:

L =6.3 Ag?V 1/Vglg

L =6.3%x4250%/ 1/(10200 x 134)=97334 kg
=97 tonnef

Lfo =6.3 Ago? (1 +1)V 1/VgoLio

Lfo =6.3x98522 x4.6\/ 1/(188451 x 112)=612262 kg
=612 tonnef

LT =L+ Lg=612+97 =709 tonnef

Correction factor for forging temperature of 1275°C

instead of 1250°C =0.95 interpolated from table 4.1.
Revised forging load =709 X 0.95 = 674 tonnef.
The measured load for this forging was 650 tonnef.

Example 2:

Figure 4.12 shows a forging with both internal and
external flash lands. In this case the procedure is similar to
before except that the internal flash land is included in
calculating the flash volume and area.

For the forging shown the following data apply:
Volume of forging excluding flash V¢, =600 258 mm?
Area of forging excluding flash Ago =33084 mm?
Length of forging excluding flash L¢s =205 mm

Volume of flash (ie metal in flash
land)

Area of flash land
Length of flash
Flash land ratio r

Vi =29115 mm?
Aqnq =6771 mm?
Ly =221 mm
=1.9

B S G U S
Inner flash included

in estimating
Vg and  Ag

FIG. 4.12
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Then as before ' Table 4.1 O
La =6.3x67712\/ 1/(29115 x 221) = 113865 kg Load multiplying factors for steel Q)
=114 tonnef )

Lo =6.3 330842 x 2.9/ 1/(600258 x 205) = 1802726 kg Multiplying factor t

= 1803 tonnef Steel Quality Forging Temperature °C Q“:

LT =Lfo+L¢=1803 +114=1917 tonnef En BS 970 )]
The forging material was SAE 8620 (cf En3) forged at No. No. | MO0 | 1150 | 1200 | 1250 | 1300 |
iZé)O°C giving a load correction factor from table 4.1 of 3 looM20] 1.6 1.4 1.2 1.0 0.9 &)
2. .8 {080M40| .5 1.2 1.1 0.9 0.7
Thus the revised forging load is 12 605 W1 36 :3 }g :-4 1.2 10 'S
LT=1917x 1.2=2300 tonnef compared with a measured 17 |eosM38| 16 1.4 lj H 8:3 O
load of 2475 tonnef. 18 |530M40]| 1.5 1.3 1.1 1.0 0.9 -
20 — 1.6 1.4 1.2 1.0 0.9 )

Example 3 g — 1.9 1.7 1.5 1.4 1.2 i

: g ; —_ 1.9 1.7 1.5 1.4 1.2

. F;)r. the forging shown in figure 4.13 the following data 3 lesamar] 1 Oy s 4 0 Q}
ppiy: : L ;24 [817M40| 1.8 1.6 1.3 1.2 1.0 O
Volume of forging excluding flash Vg, =305110 mm? 25 |826M31| 1.8 1.6 1.4 1.2 1.1 (1
: : - 2 26 [826M40] 1.9 1.6 1.4 1.3 1.1 J

Area of forgmg excludmg flash Ao =12609 mm 0B |s1sM30| 19 17 I " s s
Length of forging excluding flash Lf, =292 mm 31 [534A9 | 1.5 1.3 1.1 1.0 0.8 )
Volume of flash (ie metal in flash 34 1665M171 1.7 L5 1.3 L1 1.0 O

land) Vi =27070 mm® 35 ]665M23| 1.7 1.5 1.3 1.1 1.0 ©
Area of flash land Ap =6768 mm? ;—6; 65521 1 ::g :—6/ }‘; :i ;; )
Length of flash Lg =311 mm 38 — 1.9 1.7 1.5 1.4 1.2 @
lash land rati 95 39 |835MI5] 1.9 1.7 1.5 1.4 1.2
Flash land ratio ' r =a 40 [722M24| 1.8 1.7 1.5 1.3 1.2 O
Procecding as before N B I I I
Lp =6.3x67682\/ 1/(27070% 311) =99457 kg =99 tonnef 43 080 A 47 1.5 1.3 1.1 1.0 0.8 ;‘"j
4 | 060A9% | 1.5 1.3 1.1 1.0 0.8 )

0 =6.3x 126092 ><3.5\/ 1/(305110x292)=371404 kg 45 250 A 53 1.8 1.5 1.3 1.2 1.0 ‘
=371 tonnef 46 - 1.8 1.5 1.3 1.2 1.0 O

47 | 735AS50| 1.5 13 | 1. ) '
LT =Lgo + L =371 +99 =470 tonnef 48 |527A60] 1.8 1.6 1.; ;g (1):213 O
The forging was mild steel forged at 1250°C so no g; 401 S 45 ;? }; }:2 :2 }g (’*}
correction factor is necessary. The measured forging load N
58 21512 2.6 2.2 1.9 1.7 1.4 o
was 480 tqnnef . : : O

O

)

)

s

O
O

\;
(\.J \:]

Lfo

- Ly

FIG. 4.13
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5 FRICTION SCREW PRESSES

5.1 Basic principles .

The basic principle of the friction screw press is
illustrated in figure 5.1. The machine consists of a heavy
flywheel which can be rotated in either direction by means
of a driving mechanism. Attached to the flywheel either
directly or via a slipping clutch arrangement is a long lead
screw.

Depending on the design of the particular press this screw
may rotate with or without vertical movement of the screw
and flywheel assembly. )

In the former case (figure 5.1a) the ram holding the top
die moves up and down as the screw travels in a stationary
nut located in the press frame.

In the case of the stationary screw type of press (figure
5.1b) the ram assembly contains the nut so that the ram
moves up and down as the fixed screw rotates.

Several methods of driving the flywheel have been
developed and will be described in detail later.

—
1
1
1 e
| 1 Fixed nut
1 ' /
1 1 /
1 |
1 1
L1 | I—
1 ]
{ t
: i i
a
| '
: ! Fixed screw
! /
— A
] .
' 3
! '
1 ! t
! X

FIG. 5.1
Fixed nut and fixed screw friction screw presses.

5.2 Characteristics of the friction screw press

Although described as a press the characteristics of thi:
machine are more akin to those of a hammer since both are
energy restricted machines.

During -a forging blow, as in a hammer, the tup moves
down with a certain kinetic energy and deformation of the
forging continues with increase in forging load until all the
available energy is used.

The rotation of the flywheel and screw give the tup a
certain kinetic energy Eyx and this is dissipated in three
ways.

Firstly part of the energy is used in overcoming frictiona}
forces mainly in the ram guides and screw. Generally about
10-20% of the total available energy is lost as frictional
energy Eg, with the highest loss coinciding with the develop-
ment of the highest forging loads.

A second part of the energy Ey is used in plastically
deforming the forging whilst the remainder is lost in the
form of elasvic strain energy E.. This elastic loss is caused
by a combination of stretching of the frame members and
compression of the screw.

Figure 5.2 shows a graph of frame deflection as a
function of press loading. After the take up of play in
various parts of the machine the deflection d is a linear
function of the press load. The slope of this linear part of
the line is the stiffness of the press (C) expressed in
tonnef/mm.

The energy lost in elastic deformation is given by the area
under the load-deflection curve and neglecting the
deflection due to play in the machine parts we may write

Ee=¥2Ld

Where L is the maximum load reached andid>the
corresponding deflection.

Since the machine stiffness (C) is defined by C=L/d we
may substitute I./C for d to give the following expression
for elastic energy losses

Ee =L2/2C

Thus the elastic energy losses during forging on a screw
press are proportional to the square of the maximum
forging load. It should be pointed out that frame spring in
screw presses does not lead to variations in forging
thickness as in crank presses since in the former machine
the dies are allowed to meet and thus forging thickness is
controlled.

- mm

Deflection

gl |

500 1000

Load - tonnef

FIG. 5.2
‘Load-deflection curve for a friction screw press.
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The factors considered so far allow a characteristic curve
to be drawn representing the relationship between load and

energy on a screw press. Such a curve is shown in figure 5.3.

The maximum load which can be developed by the screw
press is denoted by Lmax in figure 5.3 and occurs during a
““hard-on-hard”’ blow, ie when empty dies clash together.
However under these conditions all the available energy is
lost as frictional and elastic strain energy and thus none is
available for deformation work.

Although screw presses are invariably rated in terms of
tonnage capacity it can be seen from figure 5.3 that this is a
somewhat arbitrary method. The convention usually
adopted by manufacturers is to quote a nominal tonnage
rating LN at which about 70% of the total energy is
available for forging work.

Depending on the design of press the maximum load

which can be sustained Lp,,x is about 1.6 to 2.0 times the '
_nominal load LN. Figures 5.3 shows that provided the
energy requirement is not excessive forgings requiring a

load in excess of the nominal tonnage rating can be
produced.

Ek A - c
8 f : Et
: — |
Y . D
at LN ]
w Ed =0-7Ek
>
2
@
£ =
w Ed
LN E
N L max
Load L =1-6 LN
) or2:0LN
LN nominal load rating

friction loss
elastic loss
available deformation energy

FIG. 5.3
Characteristic energy load curve for a friction screw press.
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The bold curve in figure 5.3 (ie the available deformation
energy as a function of forging load) is reproduced in figure
5.4 and may be used as a characteristic curve to determine
whether a given forming operation can be carried out on a
SCrew press.

If the load and energy required to produce any forging
are known then a point can be plotted on figure 5.4
representative of that forging. Provided that the point lies
below the characteristic curve the forging can be made in a
single blow in the press.

This is the case for the points marked A and B on the
diagram. Although forging B requires a load in excess of
the nominal tonnage rating LN it can still be produced
because the energy requirement is low.

Forging C could not be made on the screw press since the
load requirement exceeds Lpyax and thus a larger machine
would be required to make this component.

Forging D lies above the characteristic curve but is within
the nominal load rating LN. Thus whilst this forging could
not be made in a single blow it could be made on the screw
press under consideration in two blows. Reference is made
later to this type of forging.

The characteristic curve of figure 5.4 can also be used to
determine the approximate energy setting required to
produce forgings A and B.
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FIG. 5.4

Use of characteristic curve to determine forging conditions.

If a curve is sketched parallel to the characteristic curve
and passing through the point corresponding to the forging
in question it will cut the energy axis at the approximate
energy setting required as shown.

Reference will be made later to methods for estimating
the load and energy required to make a forging. An
approximate version of the characteristic curve for a screw
press can usually be sketched from data given in the
manufacturers’ catalogue.

For instance the following data is taken from a
catalogue:

Nominal load rating 400 tonnef
Maximum [oad rating 800 tonnef
Gross impact energy 2500 kgm
Energy at nominal load 1750 kgm

This data can be used to plot three points on an energy-
load diagram so that the characteristic curve can be
sketched as shown in figure 5.5.

Two versions of the upper part of the curve are shown.
The dotted line shows the curve passing through the quoted
gross energy value. The solid curve has been made to pass
through a point where this gross quoted energy has been
reduced by 15% to allow for frictional losses.

The solid curve is probably a more accurate representa-
tion of the characteristic curve.

Other manufacturers’ catalogues do not indicate the
energy availability at the nominal load rating. Where this is
the case the value may be taken as 70% of the gross
available energy.

Although such curves are only approximate they are
useful in deciding the suitability of a screw press to produce
a given forging. -

25%

Energy - mkg x 100

1 1 I

2 4 6 8

Load - tonne x 100

FIG. 5.5
Sketch of characteristic curve drawn from manufacturers data.
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Largest Screw Press

Forgings continue to increase in size
and weight; the necessary press forces
continue to rise. The unique design of
our screw presses allows us to build
machines which develop the press -
forces required. For die forgings
needing a press force of 280 MN, Tor
example, we build a screw press with a
hard-on-hard blow force of 315 MN:

the largest screw press in the world.
The trend in large drop forging machi-
nes is clearly towards screw presses,
For many reasons - such as the
favourable combination of converted
energy, press force, precision and cost.
Experience and know-how gained
from large projects are applied evento
the smallest of our machines, It always

makes sense 1o have a word with us -
even before purchasing small plants.
UK: Walter Somers Ltd., Haywood
Forge Halesowen, West Midlands
B62 8DZ, Phone 021-55047 41,
Telex 336711
Germany: Hasenclever GmbH,
4000 Disseldorf, Witzelstrasse 55,
Phone {0211) 33851, Telex 8 582 390.

HASENCLEVER

The Machine Builders for the Drop Forging Industry




5.3 The effect of a slipping clutch on the characteristic
curve :

Early versions of the friction screw press were made with
the flywheel rigidly attached to the screw. As the use of
these machines developed a demand arose for presses with
high energy ratings. Such a demand could be met merely by
increasing the size of the flywheel to provide greater energy
but this results in very high levels of maximum load being
developed with the consequent need for large expensive
frames to withstand the high loads.

To provide machines with a high energy capacity but
without excessive loading for hard-on-hard blows the
slipping clutch was developed.

Figure 5.6 compares the characteristic curves for two
screw presses of the same energy rating. The upper line
marked ‘‘a’’ represents the energy-load curve for a solid
flywheel and screw assembly, whilst the lower line marked

““b’’ refers to a press where a clutch arrangement is made to ]

slip when the load reaches the nominal load rating. At this
point no further energy is transferred to the screw from the
flywheel and thus the load falls more rapidly than in the
former case. ’

The load does not fall immediately to zero at the slipping
point because the screw and the ram still have residual
kinetic energy which must be dissipated thus causing some
further build up of load.

Nevertheless the maximum load developed is much less
than when the slipping clutch is not used, in the example
cited a reduction of load from 7000 to 4500 tonnef is
achieved.

mkg

Energy ~ 000’s

Load - 000’s tonnef

FIG. 5.6
Effect of slipping clutch on energy-load characteristics.

5.4 Types of friction screw press

Several types of drive have been developed for screw
presses and the more important ones are shown in figures
5.7 to 5.10 with the ones normally encountered in modern
presses described briefly below.

5.4.1 Three disc screw presses

The most widely used friction screw presses are the three
disc types illustrated in figure 5.7. A large flywheel is
attached to the end of the screw which passes through a
fixed nut housed in the press frame. The bottom end of the
screw is fixed to the ram of the press.

A rotating, motor-driven shaft carries two driving discs,
one or other of which engages with the flywheel to drive the
screw up or.down.
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Modern presses are fitted with a torque limiting device on
the flywheel usually in the form of a slipping clutch which
prevents overloading of the press. Presses of this type are
commonly available with load ratings up to 3000 tonnef
and presses up to 5000 tonnef have been built.

5.4.2 Direct drive screw presses

Two European manufacturers have developed an
electrically operated direct drive screw press as shown in
figure 5.8. In this the rotor of one or more electric motors is
attached to the screw and the stator is mounted on the press
frame. The press is necessarily of the fixed screw type with
the nut located in the ram mechanism.

A reversing motor is used so that the screw and hence the
ram are driven in both directions. Machines with ratings of
100-16000 tonnef are available and again a slipping clutch
mechanism between the flywheel and the screw is used.

FIG. 5.8
Directly driven screw press.
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5.4.3 Hydraulic drive screw presses

In the hydraulically driven screw press a large toothed
gear is attached to the screw and is driven by a number of
geared hydraulic motors as shown in figure 5.9.

The hydraulic motors draw oil during operation from an
accumulator system. Since the direct drive press must draw
the full operating current from the mains during each
forging stroke the peak electrical demand of the hydraulic
press is lower, since the current needed for charging the
accumnulators can be drawn from the mains continuously
and not just during a forging stroke.

Hydraulically operated screw presses with ratings of
3000-12500 tonnef are available.

FIG. 5.9
Hydraulically driven screw press.
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5.4.4 The Siempelkamp high énérgy ‘fo‘rgin‘g press’

Although the manufacturer prefers not to tefcr to this
press as a friction screw press it is included in this section of
the Handbook since the ram is driven by a screw and nut
arrangement.

The construction of the machine is illustrated
schematically in figure 5.10. Unlike the screw presses
previously described the flywheel in the Siempelkamp press
rotates continuously in the same direction all the time.

During forging the clutch connecting the screw to the
flywheel is engaged and the screw quickly attains the
rotational speed of the flywheel causing the ram and nut
asembly to move downwards for the forging stroke. The
flywheel continues to drive the ram until the clutch is
disengaged at a preselected position of the stroke or
alternatively when a preselected forging load has been
attained.

The reversal of the ram and nut assembly then occurs by
elastic rebound assisted by return cylinders.

The manufacturers claim that the drive arrangement used
offers several advantages over conventional screw presses.
Firstly because the flywheel rotates continuously the full
press energy and load capacity are available at any position
of the stroke. :
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Clutch cylinder

Clutch piston
Flywheel

Thrust bearing
Return cylinder
Press frame

Screw drive
Ram

© O N D N =

Ram bolster
plate
10 Table bolster
plate

11 Ejector

FIG. 5.10

In a conventional screw press there is an idle part of the
stroke which cannot be used for forging since it is needed to
allow the flywheel to accelerate and gain sufficient energy
for forging.

The inability of crank presses to utilise their full load
caplgcity high up the stroke has already been referred to
earlier.

~ This feature. of the high energy press is said to make it
particularly suitable for extrusion operations.

Secondly because the flywheel does not have to be
brought to rest and accelerated in an opposite direction at
the end of each forging stroke the die contact time during
forging is reduced and the stroking rate of the press is
increased.

The gi; pressure in the clutch system can be preset thus
determining the maximum torque and allowing slipping to
occur at a preselected load to prevent overloading of dies.

5.5 Forging on friction screw presses

Friction.scr'ew press dies are very easily overloaded unless
the operation of the press is understood and unless energy
settings are carefully selected prior to forging.

Figure 5.11 shows a hypothetical load-deformation
diagram for a forging. The maximum load required is 800
tonnef and the energy required is about 11000 mkg.

Consider this forging made on a hammer or a screw press
with a load capacity of 1250 tonnef. Table 1.1 shows that
the approximate energy available for machines of this
rating is 1600 mkg for the hammer and 8000 mkg for the
SCrew press.

Thus to satisfy the energy requirements of the forging
would require seven hammer blows with a total energy
input of 7x1600=11200 mkg so that the excess energy
which stresses the dies would be 11200 — 11000 = 200 mkg.

The same forging made in two blows on the friction
screw press at its maximum energy setting would receive an
energy input of 2x 8000= 16000 mkg. Thus the excess
energy input will be 16000 — 11000 = 5000 mkg, ie 25 times
that of the hammer. Whilst this excess energy may not
damage the screw press it can lead to deformation or
breakage of dies.

To avoid such overloading the screw press would have to
be used at a reduced energy setting. The energy control on
some screw presses is achieved only by stroke control so
that a given energy can be selected before forging
commences but during forging the energy of each blow is
constant. On such machines in the example cited it would
be necessary to set the energy of each blow at slightly over
half the total energy requirement for the forging to
minimise overloading.
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FIG. 5.11
Forging load-displacement curve.




Some screw presses are fitted with “‘electronic blow
control’’ which usually allows the energy of two successive
blows to be pre-set. On such machines producing a forging
in two blows the required energy input can be achieved in
serveral ways as shown in figure 5.12.

Where ‘‘electronic blow control’”’ is used it is usual to
have an energy selector marked in arbitrary units.

It is a common misconception that the setting for the
second blow must always be higher than that for the first
since a higher load is required during the second blow.

If it is remembered that the selector is setting blow energy
and not maximum forging load reference to figure 5.12 will
show that the energy setting for the second blow will
depend on that used for the first and may be lower, the
same or higher.

It is not usually possible to estimate accurately the energy
- requirements of a forging so that when setting up screw
- presses the total energy input should be adjusted to a level
just slightly greater than that required to prodice the
forging.
Experience indicates that if setting of energy levels is left
to operators excess energy is invariably used with
consequent overstressing of the dies.

Total
energy E

Die load

Blow 1

Tup movment
heavy + light blow

Tup movement
light + heavy blow

F.—' _________
Total
< energy E
@
L2
2
[a]
Blow 1 |Blow 2|

Tup movement
medium + medium blow

FIG. 6.12

As already indicated on older type screw presses blow
energy control can be effected by reducing the stroke
length. Modern presses are usually fitted with some form of
zslectronic blow control. This usually involves measuring the
flywheel speed and disengaging the drive when a speed
appropriate to the required energy is achieved. The
advantage of electronic blow control is illustrated in figure
5.13.

The inability of older designs of screw presses to strike
successive blows of different energy is particularly disad-
vantageous when making forgings using a moulding and
finishing impression.

If the energy level is selected to do most of the work in
the mould impression to reduce wear of the finisher the
second blow struck in the finishing impression may have so
much excess energy that dies are broken or damaged.
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In such cases a compromise solution must be reached by
reducing the energy setting thus doing less work in the
moulder but avoiding over-stressing of the dies in the
finishing blow.

The great advantage of energy control of successive
blows is apparent from the above consideration.

The importance of controlling blow energy on screw
presses is such that a further elaboration of what happens
during forging is justified. :

Figure 5.11 showed a typical forging load-ram displace-
ment diagram. By measuring that energy under the curve at
any load a corresponding load-energy diagram such as that
shown in figure 5.14 can be constructed.

This forging lo‘ad.—energy curve can then be superimposed
on thp characteristic load-energy curve for a screw press.
Consider the case shown in figure 5.15.

Energy

Load

FIG. 5.14
Energy-load diagram for a forging.
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‘Acheson supplied two Dag 2000 automatic spray systems
together with high quality Dag forging [ubricants for this new
screw press at Smith-Clayton's Lincoln plant. Only Acheson
had the technology. Smith-Clayton did it with Dag.

Energy
/

Load
FIG. 5.15

During forging the load builds up and energy is con-
sumed until the forging’s load-energy curve crosses the
characteristic curve of the press at point A. At this point the
press has delivered all the energy it can to the forging and
the blow is arrested. If a second blow is struck the load-
energy curve for the forging follows that shown by the
dashed line which is merely the continuation of the original
line but starting at point B, ie the load at which the original
forging blow terminated.

i &P Acheson

Acheson Colloids Company, ~‘
Prince Rock, Plymouth PL4 OSP,
Telephone:(0752) 266351 Telex: 45549

At point C the required forging load is attained and
forging is completed. There is still however residual energy
left in the screw press, the amount being represented by the
length of the line C-D. If this is excessive then overloading
of dies occurs. This overloading could have been avoided
by reducing the energy setting of the second blow as illus-
trated by the chain-dotted line in figure S.15.

In this case when forging is completed at point C there is
very little residual energy remaining to ‘overstress dies.

5.6 Off-centre forging on friction screw presses

If the centre of pressure of a die impression is not in the
centre of the bed of a friction screw press the permissible
forging load is reduced below the rated loading of the press.
One press manufacturer suggests the following method for
estimating the permissible degree of off-centre forging.

Let the rated tonnage of the screw press be R tonnef, the
forging load L tonnef and the diameter of the screw D mm.

Then the permissible distance for off-centre forging a
mm is found from

L
- {3
2R

For example consider a 400 tonnef rated press with a
screw diameter of 200 mm. Let the expected forging load be
300 tonnef. Then the permissible distance for off-centre
forging is

300
a=200 (l—*> =125 mm
2x400
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5.7 Estimation of forging energy requirement

It has already been pointed out that in selecting a suitable
friction screw press to make a particular forging both load
and energy requirements must be considered.

A method for estimating forging loads has already been
presented in section 4.4 and a method for estimating
forging energy is given here. The method only gives
approximate values but it can prove useful in machine
selection.

The forging shown in figure 5.16 will be considered.

The volume of the forging is 489,950 mm?® and it is
assumed that it is made from a billet 15% greater in
volume. The initial billet dimensions are assumed to be 71
mm diameter X 142 mm. Prior to forging this billet is
assumed to be upset to 85 mm diameter X 100 mm and these
latter dimensions are used for the starting billet size.

Let Lg; =length of forging mm = 152
La =length of flash mm = 172
Ag, =area of forging mm? = 18,148
Agq =area of flash - mm?= 5,090
A =area of forging plus flash mm?= 23,238
A, =original billet area mm?= 5,675
Vo = volume of forging mm?® = 489,950
Vg =volume of flash mm?= 10,180
r =flash land ratio = 5
o =vyield strength of material kg/mm?= 6.3

The total forging load L is calculated as explained
previously in section 4.4.

The forging material is assumed to be mild steel at
1250°C so that no correction of the calculated load is
necessary.

The final forging load L is calculated as follows:
Load on flash Ly =6.3 Aﬂzm
=6.3 x 50902\/1/(172 x 10, 180)
=123350 kg *
=123 tonnef
Load on forging Lg=6.3x(1+1)X Afoz\/m

- =6.3x6x18148?
V 1/(152 % 489,950)

= 1442619 kg
= 1442 tonnef
Total forging load L =1442+ 123 =1565 tonnes
The forging energy is then estimated using the method‘

already outlined in section 2.2.6.

Figure 5.16 shows that the top die peg will strike the billet
when the bottom of the peg is 100 mm from the base of the
bottom die and load will build up until the bottom of the
peg is 18 mm from the base of the die. Thus the displace-
ment under load is 100 — 18 =82 mm.

Since the maximum load is 1565 tonnef the energy is
given by

E =82 x 1565 x correction factor
From figure 2.4 the correction factor is 0.25

Thus E=82x1565x%0.25=32 000 mkg

Figure 5,17 shows the characteristic energy-load curve
for a friction screw press with a nominal load rating of 1500
tonnef. It is clear that with such a press the forging
considered would need two forging blows to provide the
energy required.
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6 HORIZONTAL FORGING MACHINES

6.1 Principle of horizontal forging

The principle of - the - horizontal- forging machine is
illustrated schematically in figure 6.1. A bar is located in a
half die cavity in a fixed die A and when the machine is
actuated the moving die B closes on the bar to grip it before
the heading punch C moves forward to form the bar. The
punch then retracts and the die B moves to its open position
allowing the bar to be removed or placed in another forging
station.

Both the heading punch slide and the moving die are
actuated by a crankshaft, the former by means of a pitman
or connecting rod and the latter by a toggle mechanism
connected to the crankshaft via a linkage system.
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FIG. 6.7
Operation of horizontal forgings machine.

The drive system used by one manufacturer is shown
schematically in figure 6.2.

To protect the machine against accidental overload
caused by misplacing of bars in the gripping dies a safety
device is incorporated in the link mechanism which drives
the closing die toggle.

When overload occurs a link is displaced which prevents
closure of the moving die but still aliows the heading punch
to complete its full stroke.

In older machines the displaceable link is held closed by a
breaker bolt which deforms or fractures on overload and
must be replaced.

In modern machines the link is held closed by a
pneumatic or hydraulic cylinder which is self resetting after
an overload occurs.

Safety link
A\
AN
ARN
AN
\Y
. \\
h_r—“ \ .

FIG. 6.2
Drive mechanism for horizontal forging machine.

Older horizontal forging machines have the die passes
disposed in a vertical manner (figure 6.3a) but many
modern machines have the dies arranged horizontally
(figure 6.3b). .

The latter system prbv.ides improved die visibility anc
reduces operator fatigue since heavy bars do not have to be
supported by hand when moving from one pass to another.

[\ U]

a T b

Vertically split dies Horizontally split dies

FIG. 6.3

6.2 Machine rating and applications

Historically horizontal forging machines were nominally
rated according to the maximum size of bar which could be
upset. Thus machines were rated as 25 mm, 50 mm and
SO on.

Nowadays manufacturers give more precise specifica-
tions and quote for any upsetter the maximum permissible
heading load and the maximum gripping load.

Typical machine specifications are shown in table 6.1.

Table 6.1
Typical horizontal upsetting machine specifications
Nominal machine size mm 25 50 75 100 125
Upsetting load—tonne 75250 500 1000 1250
Gripping load—tonne 75 250 500 1250 1500

Since there is an increasing tendency to combine
upsetting for preforming with finish forging on upsetters
with horizontally disposed dies manufacturers will
commonly supply machines with an increased gripping load
to accommodate final forging. '

In certain instances two or four additional tie bars are
incorporated to reduce the press spring which occurs with
the conventional C frame type design.

Careful consideration must be given to applications
where the horizontal upsetter is to be used as a preforming
and final forging machine by using the gripping die mech-
anism as a forging press.

In the conventional forging press the motion of the ram
carrying the dies is sinusoidal and results in a ram
displacement-time curve as shown by the full line in figure
6.4a. During forging on such a press the shape of the load-
time curve will be as shown by the full line in figure 6.4b.

When using the moving dies of an upsetter for press for-
ging the displacement time curve is as shown by the broken
line in figure 6.4a with an appreciable dwell time at bottom
dead centre due to the mechanism used to close the dies.
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This leads to a load-time curve as shown by the broken line In spite of this there are many reported applications of the \J
in figure 6.4b with the maximum forging load sustained fora  use of horizontal upsetters as preforming and finish forging ()
relatively long period whilst the dies are held closed. machines, some of which are illustrated in figure 6.5. S
This increased die contact tie under load leads to increased Where extrusion operations are carried out in the split
heat transfer from the forging to the dies and the mainten-  dies very high closing loads must be used to ensure that the ()
ance of the forging load can lead to fatigue of the dies. dies do not open and cause fin formation during extrusion. D)
Because of these considerations die lives when using a This may necessitate the use of a specially built machine. =
horizontal upsetter as a forging press may be lower than Cold forging operations have also been carried out on ¢ )
would be the case when forging on a conventional crank  upsetters as illustrated by figure 6.6 which shows the manu- .
press. facturing sequence for the production of a cycle crank and
) spindle by a combination of cold extrusion and cold
s upsetting.
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6.3 Types of heading tool holder
() Horizontal upsetters with vertically split dies may be Ml{ltl-di_rectional
e supplied with adjustable punch holders as illustrated in adjustment by wedges
{l’l figure 6.7. The use of packing below and behind the
) individual components of the punch holder allows vertical
) and horizontal adjustment for tool alignment as shown.
N
O
O /I
S : A Packing for
:/ ¢ # )/ alignment
O | ; ; -
i} 4 " 4 Grip I

. A ¢
O ~ S
p 7 1 O d
9 | __J ; ; Packing for
e ' 7 alignment
p. : YT AT ;/ g

- 4
O I 7

™ 1
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O :

, Lower die Punches
O FIG. 6.7
(} Fully adjustable punch holders. FIG. 6.9

Die and punch adjustment.

O Alternatively a solid punch holder may be used as shown
C; in figure 6.8. In this case only back to front adjustment is
- possible and the die bore centres must be machined accur-
)] ately in relation to the punch centres.

O Whist this type of header may be initially more trouble- ) f

some than the fully adjustable one once the respective
punch balance has been established the setting of ‘dies and
punches is simplified and the arrangement-is-very-robust:

O
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FIG. 6.8
Solid punch holder.

In machines with the dies split horizontally individual
punch adjustment is obtained by a system of wedges as
shown in figure 6.9. This arrangement facilitates rapid tool
adjustment.

6.4 Forging in horizontal upsetters

When upsetting in horizontal forging machines the early b
metal gathering passes are usually coning operations with
the cones slightly under filled to avoid the formation of fins
at the mouth of the cone. The final operation may be
performed in a die with a flash land and gutter (figure FIG. 6.10

6.10a) or in an enclosed die (figure 6.10b). Design of finishing dies.
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Flashed and guttered dies for horizontal upsetting dies
are designed on exactly the same principles as those used on
crank presses. The gutter must be adequate to accept the
flash and the header punch surface beyond the gutter must
not contact the die surface or over loading of the machine
can occur.

The use of flashed dies does, of course, involve an extra
clipping operation.

Where the enclosed upsetting die is used lower loads are
encountered for a given shape provided the metal available
only just fills the die.

If excess metal is presented to a closed die a slight fin is
formed by metal extruding between the die and the punch.
This may have to be ground off after forging.

If significant amounts of excess metal are presented to
closed dies very high forging loads are built up because the
excess metal has no ready escape route as is the case in flash
and -gutter dies.

In closed dies the excess metal is accommodated partly by
the formation of the fin already referred to, partly by
elastic expansion of the dies and partly by elastic stretching
of the machine frame. This mechanism is illustrated in
figure 6.11 whilst figure 6.12 presents the results of
theoretical calculations which show how forging load is
influenced by excess metal when closed dies are used.

It is evident from figure 6.12 that overfilling of closed die
passes can lead to serious overloading of both dies and
machine and should be avoided.

radial elastic die growth
die elastic compression
machine deflection

N «< x
L}

FIG. 6.11
Accommodation of excess metal in a closed die.
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o material  yield
.é strength = 8kg/mm
£ 200
Press stiffness
400 tonnef / mm
1 ] 1 ] 1 4
1 2 3 4 5
Excess billet length %
FIG. 6.12

Influence of excess metal on forging load in closed die forging.

Where a high final upsetting load is anticipated it is
advantageous to position the last pass in the centre of the
dies.

To obtain consistent results in upset forging the length of
heated bar is important and generally the correct length
must be determined by trial and error.

Pushing back of the bar during forging can occur leading
to under filled forgings. This can sometimes be overcome
by increasing the grip by adjusting the moving die.

Over-adjustment however can lead to the safety
mechanism already referred to operating and thus in some
cases it may be necessary to use some form of back stop.

This can be achieved in three ways as shown in figure
6.13. If the bar length allows an adjustable back stop plate
may be fixed to the machine (figure 6.13a). Alternatively
specially made back stop tongs may be used (figure 6.13b).
The third method involves the use of swan-necked tongs
which allow a stop to be machined in the die cavity (figure
6.13c) against which the end of the bar rests.

Occasions may arise where a heading tool is so long that
it does not leave the dies even in the retracted position.

In this case the maximum diameter is limited by the die
opening unless a slot can be machined through the die bores
to allow the upset to be moved forward and then lifted
between the dies.

Dies

Machine
frame

-1 Stock
—

[ i 1
ey jiey)

Adjustable
1 stop

a

FIG. 6.13a

Nest in dies for
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6.5 Load requirements for upsetting

Load estimation for horizontal forging is even more
uncertain than for press forging. The method presented
here in figure 6.14 is based on that given in the Russian
Forging Handbook.

Examples of the application of the data are given below:

Example 1
Consider a simple coning tool with a mouth diameter of
50 mm. Suppose the material being forged is 605M36
(En 16) at 1150°C.
Then from figure 6.14 K=1
from table 4.1 F=1.5and
D =50 mm

Then the load is given by
L=0.005x50%%x1x1.5=19 tonnef

14

Example 2

Consider a forging of type III in figure 6.14 with t=
12 mm and D=40 mm. Assume the forging material is
080M40 (En 8) forged at 1200°C.

Then from figure 6.14 type III forging K=4.2

from table 4.1 F=1.1 and
; D=40 mm

Then the load is given by
L=0.005x40% x4.2x 1.1 =37 tonnef

Where the final forging operation is performed in flash
and gutter dies the forging load may be estimated using the
method already given for press dies. That part of the
forging held in the gripper dies is neglected.

Thus for the forging shown in figure 6.15 the load is .

calculated as follows:
X902 x18 nx502x14

Volume of forging = +
ging , ,
= 142018 mm?3
. vXx90?
Area of forging = =6363 mm?

Length of forging =90 mm

nx110*x2 nx90?x2
- = 6284 mm?

Volume of flash =

nx 110? X 90?2
- =3142 mm?
4 4

Length of flash =110 mm
Flash land ratio =10/2=5

Area of flash

Following section 4.4

La =6.3%x3142% x\/ 1/(6284 x 110)

= 74806 kg =75 tonnef

Lo = 6.3 63632 x (1 +5)x\/ 1/(142018 x 90)
=428077 kg =428 tonnef

Total load =75 + 428 = 503 tonnef

-

18 J_

FIG. 6.16
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F from table 441
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7 ELECTRIC UPSETTERS

7.1 Principle of the electric upsetter

Forgings such as the half-shaft shown in figure 7.1 have a
very big diameter flange in relation to the diameter of the
shaft so that a large amount of metal must be gathered on
the end of the bar to forge the flange.

To achieve the required degree of gathering in a conven-
tional horizontal upsetting machine would require an
unacceptably large number of coning passes.

For such forgings the electric upsetter allows large
amounts of metal to be gathered using the principle
illustrated in figure 7.2.

The bar ‘‘a’” to be upset is clamped between electrodes
““d”” and is pressed against an electrode anvil “‘b’’ by means
of a pressure cylinder ““c”’.

An electric current is passed through the end of the bar
heating it between the electrodes. During operation the
hydraulic cylinder ‘¢’ pushes the bar through the
electrodes ¢‘d’’ thus causing the end of the bar to upset as

illustrated.

FIG. 7.1
Half-shaft forging with large flange on the end of a small shaft.

i

a = bar stock
b and d = electrodes
¢ = hydraulic cylinder

FIG. 7.2
Principle of electric upsetting.

In this way long lengths of bar can be continuously upset
to produce a large diameter head as shown in figure 7.3.
Where unconstrained upsetting is used the preform can be
immediately transferred to another machine for finish
forging.

Where a greater degree of shape control of the upset is
required, as in producing a finished component rather than
a preform, it is possible to upset into a die cavity as
illustrated in figure 7.4.

The principle is similar to that already described except
that the bar is upset against a cylinder which gradually
retracts as the bar upsets to fill the die cavity.

During upsetting into a die considerable cooling occurs
so that at the end of the operation the temperature of the
upset may have fallen to 600-700°C.

The potential of the electric upsetting process is illus-
trated in figure 7.5 which shows a number of upset
components.

di al

P} A B

£=39d

FIG. 7.3
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FIG. 7.4
Upsetting into a die cavity.
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Open upsetting

Open upsetting
on tubes

j Die upsetting

Die upsetting with 2

J different diameters produced

in  special die

Die upsetting with 2 different

] diameters produced with

preforming die

Taper die upsetting

‘I' Extremely long die
upsetting

] Spherical centre
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section upsetting

—— Centre section upsetting

pa—

]
= on hexagonal bars

FIG. 7.5
Range of components produced by electrical upsetting.

7.2 Materials for upsetting

Most materials which are commonly forged can be
electrically upset with the exception of copper where the
low electrical resistivity leads to inadequate heating.

Both low alloy and high alloy steels and nickel based
alloys are readily upset but aluminium alloys may present
problems. This is particularly so for those alloys with a
small solidus-liquidus temperature range and it is usually
necessary to conduct trials to establish whether a particular
alloy can be successfully upset.

Round bar is most commonly used but as figure 7.5
shows other shapes, including tube, can be used.

Because bars must slide between the electrodes and
maintain good electrical contact, a smooth surface is
essential. A maximum surface roughness of 0.02 mm is
recommended. Bars with a drawn or peeled surface are
preferred although ground and reeled bars may be satisfac-
tory. Black bar is generally unsuitable for electric upsetting.

‘The bar end which contacts the anvil electrode must be
smooth, flat and at right angles to the bar axis. The
maximum permissible surface roughness of the bar end is
about 0.05 mm.

7.3 Machine types

There are three types of electrical upsetter available.
Horizontal machines (figure 7.6) are intended primarily for
long bars where a long upset length is required. The
machines also have facilities to prevent buckling of the long
bar subject to the necessary upsetting force. Such machines
will also accept die upsetting units and equipment for
section upsetting.

Vertical upsetters (figure 7.7) are more economical of
floor space but can accept only limited bar lengths and are
therefore only produced at the smaller end of the size range.

Eully automatic machines are also produced (figure 7.8)
which incorporate both upsetting and forging stations.

W

% Hoo

S e

FIG. 7.6
Horizontal electrical upsetter.
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FIG. 7.7
Vertical electrical upsetter.

7.4 Machine rating and performance

Electrical upsetters are characterised by the nominal
power rating of the transformer in kVA. An approximate
relationship between the power rating and the range of bar
sizes which can be upset is shown in figure 7.9. The data in
the figure refer to low alloy and carbon steels. If the
machine rating k in kVA is known the maximum bar size d
mm which can be upset is given by

d=4\V k

The speed at which a bar can be upset depends on many
factors but the main ones are power rating and bar
diameter. Speeds generally vary between 5 and 10 mm/s
and the relationships for carbon and low alloy steels are
shown in table 7.1.

FIG. 7.8
Automatic electrical upsetter,

Example

A preform with an upset volume of 9600 mm? is to be
made from 10 mm diameter bar on a 20 kVA electrical
upsetter.

L=1.27V/d?=1.27x9600/100= 122 mm

Ly=L+0.5d=122+5=127 mm

From table 7.1 the upsetting speed S=10 mm/s, ie the
maximum speed of the machine.

Thus ty=Ly/S=127/10=12.7s

Suppose the handling time ty is 10 seconds
Then tr=t,+Ty=12.7+10=22.7s

and the production rate P is
P =3600/tr=3600/22.7 = 158 pieces/hour

Where the electrical upsetter is used as a preforming
machine to feed a final forging machine such as a friction
screw press it is commonly found that the upsetter cannot
match the production rate of the forging machine and so
two upsetters may be necessary.

Table 7.1
Machine Bar diameter
Size d=8 10 12 14 16 18 21 24 28 30 35 40 45 50 56 63 70 mm
Upsetting speed
12 kVA 10.0 8.2 6.0 5.0 mm/s
20 kVA 10.0 7.2 5.8 5.0 mm/s
32 kVA 10.0 8.0 7.0 S.5 mm/s
50 kVA 10.0 7.5 6.1 5.0 . mm/s
80 kVA 8.7 7.0 6.4 5.2 mm/s
125 kVA 10.0 8.0 6.5 5.0 mm/s
315 kVA 10.5 8.0 6.2 5.0 mm/s
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range of bar diameters which can be
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FIG. 7.9
Relationship between bar size and power rating.

8§ WIDE RAM PRESSES

8.1 Machine characteristics

A modern trend in forging is the use of wide ram presses
in conjunction with both hammer and press forging lines.

These machines, as shown in figure 8.1 are four point
suspension presses and this arrangement allows for an
exceptionally large ram area and the facility to sustain a
high degree of off-centre loading.

FIG. 8.1a
Wide ram press.

Figure 8.2 may be used to establish the loading capacity
of a wide ram press at any point on the bed area. Suppose
for instance an operation is performed on the press such
that the centre of loading is three quarters of the distance
from the centre of the ram to the centre line of the pitmans
(x=0.75) and halfway back on the press from the centre
line (y=0.5). This corresponds to the point marked P in
figure 8.2 and the diagram shows that the permissible
loading at this point is 80% of the nominal press rating, ie
on a 500 tonnef press the permissible load at P would be
500 0.8 =400 tonnef.

R .
ChMDAPONAEI®O
T T
—

¢ pitman pitman ¢

FIG. 8.2

S
H
i
¢

5
.

Epze .

FIG. 8.1b
Wide ram press— construction details.
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Alternatively figure 8.3, which is self explanatory, may
be used to establish allowable loading values.

Because several stations can be accommodated in wide
ram presses they can be used for other functions in addition
to clipping and piercing. Operations commonly performed
are upsetting of billets prior to forging and hot coining of
forgings.

It is common when using wide ram presses for upsetting
operations to find that although the press has a high enough
load capacity for the upset it has insufficient energy
capacity to perform the forging in one blow.

Methods for estimating load and energy requirements
together with worked examples are given below.

|
{ ! J
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1 1
l J
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i
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ram |
B
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¢ of
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'E
125 118 112 106 100
[ J [ ] [ ) L ] [ 4
94 885 84 80 75
® ® [ ] [ L]
62-5 59 56 53 50
* [ ] [ ] ® ®

% of rated press load

FIG. 8.3
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8.2 Estimation of upsetting load and energy _

If the final diameter of the upset piece is df and the final
height is h¢ then assuming mild steel upset at 1250°C the
forging load L is given by

L =0.005 d¢? (1 +d¢/6hy)

If dr and hy are in mm the load L is in tonnef.

If the material is other than mild steel and the forging
temperature is other than 1250°C the calculated load must
be multiplied by a correction factor obtained from table
4.1.

To calculate the energy required the volume V of the
billet and the initial and final heights h, and hy must be
known.

The energy E is then found from

VA
N ‘B’J

Where the values of A and B depend on the ratio hy/h¢
and the initial height h,. The values of A and B can be
found from the graphs in figures 8.4 and 8.5 respectively.

If the volume of the billet is in mm? and the heights are in
mm the energy E is in mkg.

As an example of the use of those formulae consider a
billet 75 mm squarex 115 mm long upset to a disc 25 mm
thick.

Then the data required for the load and energy
calculation are
V=T75x75x115=646875 mm?
ho=115 mm
hf=25 mm
df =180 mm calculated from V and hy
ho/hf=4.6
L =0.005 d¢? (1 +d¢/6hy)
=0.005x 1802 (1 +180/6 x 25)
=162 (1+1.2)
=356 tonne

E=0.0063V [A +

Thus

To calculate the energy the values of A and B must be
read from the graphs
A=1.52 for hy/hy=4.6
B=0.008 for ho/hf=4.6 and hy=115
YA >J

E =0.0063V [A+ < < ®

Then

804
=0.0063 x 646875 [1.524— <——8—(0.008)>}

=4075 {1.52+0.8]
= 9454 mkg

For materials other than mild steel and temperatures
other than 1250°C the calculated energy is corrected by the
multiplying factors given in table 4.1
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9 THE HAMMER PRESS

9.1 Machine characteristics

It has already been shown in Section 1 of this handbook
that different metal forming operations have different load-
energy-displacement characteristics.

Thus extrusion operations may require only a moderate
load but because the displacement is high considerable
energy capacity is required. Forging of thin flanges however
does not require a high energy but does demand a very high
load.

A recent addition to the range of forging plant is the
Lasco hammer-press so called because it combines in one
machine the characteristics of a hydraulic press and a
gravity drop hammer.

When operating in the press mode the machine can
deliver its full rated tonnage over the full stroke length thus
making it suitable for upsetting and extrusion type
operations.

In addition the machine has the facility for lifting the
heavy ram hydraulically and allowing it to fall under
gravity thus allowing hammering operations capable of
generating very high loads greatly in excess of the rated
press tonnage.

Table 9.1 below summarises the characteristics of the
standard hammer-presses available at the time of writing.

Table 9.1
Characteristics of Lasco hammer-presses
Press rating—tonnef 400 500 630 800 1000
Hammer energy—mkg 3150 3150 4000 8000 8000
Press stroke—mm 800 800 800 800 800

A hydraulic ejector is fitted in the bed and in addition to
its use for releasing forgings and extrusions it can function
as a hydraulic draw cushion allowing the press to be used
for deep drawing operations.

The long ram guides and rigid press frame allow off-
centre loading so that extrusion and hammering operations
can be performed successively with the same die set.

The characteristics of the machine make it particularly
suitable for producing forgings where forward or backward
extrusion are combined with hammering operations.

Typical publicised applications are shown in figures 9.1
and 9.2.

9.2 Loads required for extrusion operations

The manufacturers of the hammer-press have produced a
graph for estimating forging loads based on tests made in
their works and in forges.

The graph is reproduced in figure 9.3 and two examples
of its use are given below. The values of p are the cold UTS
of the forging stock. Line 2 is used of p=50 kg/mm? and
for p=40 kg/mm? when D?/d? is greater than 5.

Example 1

The tube extrusion shown in figure 9.1b is reproduced
with the appropriate dimensions needed for load estimation
n figure 9.4.

The mean diameter of the tube d,=(70+35)/2=
52-15‘5 mm=5.25 cm and the outside diameter D = 150 mm
=15 cm.

)

1000

///
7

- ) 50 100
Punch travel mm
. < ]
\ 150" 7
K -
n
Z / 1000
N
n l
Z7
7, 7
. o
n £
7| % O
7 e
ZER 7
7 Z 1
N o 50 100
o
g Punch travel mm
.b
—
2000}
Y
c
c
e
1000}— - fi4-
0 20
Pres§ & o -
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FIGS. 9.1

Thus the area required is given by
A=n/4 (D?—d,?Y)
=0.786 (15* —5.25*) =155 cm?

From the graph using curve 3 the load corresponding to
this area is 920 tonnef.
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Example 2

50

Punch travel mm

The extrusion shown in figure 9.2a is reproduced in
figure 9.5. In this case D=16 cm and d=10.2 cm. The area

is thus given by
A=n/4 (D?-d?)
=0.786 (16? —10.2?)=119 cm?

The diameter ratio D?/d?=162/10.2? =2.46
so that curve 1 in figure 9.3 is used. The load corresponding

to an area of 119 cm? is 480 tonnef.
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The method of load estimation suggested by Lasco has
obvious limitations since it is an empirical method
applicable only to carbon and low alloy steels.

To calculate loads when forging other materials requires
a more fundamental approach and a useful method has
been described by Sturgess and Dean in Journal of
Mechanical Working Technology, October 1979.

For forward extrusion of rod as illustrated in figure 9.6
the expression derived for punch pressure p is

p={(s(A+B ImR+2 m L/D)]) x [1+0.5 m]

For forward extrusion of tube as shown in figure 9.7 the
corresponding expression for punch pressure is

p=(Is (A+B mR+2 m L/(D-d))]) x[1 +0.5 m]
s=material flow stress

. . original billet area
R =extrusion ratio =

final extruded area
/nR = natural logarithm of R '
m = friction factor between billet and container
L, D and d are defined in figures 9.6 and 9.7.

A and B are constants whose values depend on the value
of m.

For zero friction m=0 A =0.45 and B=0.9.
For sticking friction m=1 A=0.60 and B=1.38.

For intermediate values of m A and B may be found by
interpolation.

Example of use — forward extrusion of rod

Figure 9.8 shows an example of forward extrusion
supplied by Lasco where the measured load was 500 tonne.

The load is calculated as follows:
L=160 mm
D=157Tmm A,=n/4x157?=19 362 mm?
d= 72mm Af=n/4x70>=3 849 mm?
R=A,/Ar=5.03

R =1.615

157

/S

The friction factor m is assumed to be 0.4 a common
value when hot working steel. In this particular instance the
lubricant was oil and graphite.

The extrusion temperature was 1100°C and so a flow
stress value of s=8 kg/mm? has been assumed.

For m=0.4 A=0.51 and b=1.09.
The punch stress p is thus given by

p=((8(0.51+1.09x 1.615 +2x 0.4 x 160/157)])
X [1+0.5%0.4]

=([8(0.51+1.76+0.82)]) x 1.2
=30 kg/mm?
The punch area A, = 19362 so that the estrusion load is
30x 19362 kgf :
or 30x19.362 tonnef =580 tonnef
which agrees well with the measured load.
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10 ORBITAL FORGING PRESSES

10.1 Introduction

The load (L) required to make a forging is given .by the
area of the forging (A) multiplied by an effective resistance
to deformation (S). Thus we may write

L=AS
where the effective resistance S depends on the material

being forged, the forging temperature and the frictional
resistance to metal flow.

The development of the orbital press stems from the fact
that if only a small part of the forging is deformed at any
time the load required to produce the forging can be
considerably reduced.

In cold orbital forging the load reduction is due primarily
to the reduced contact area A since the effective stress S
depends mainly on material properties due to the low
friction values encountered in cold forging.

In hot orbital forging however both A and S are
decreased so that a considerable reduction in the load L can
be achieved.

The principle of the orbital forging press is illustrated in
figure 10.1. The upper die can be orbited by a few degrees
about the vertical axis whilst the lower die is mounted on a
hydraulic ram and is moved upward during the forging
operation.

—— Rotating axis

~=——— Conical
upper die

~«—————— Workpiece

—=—| ower die
axial motion

———

FIG. 10.1
Principle of orbital forging.

Two types of machine have been developed. A British
machine usually referred to as a Rotaform machine is
intended for warm forging and in this machine the top
orbits as shown in figure 10.2a with the contact area
sweeping round in a circular fashion.
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An Eastern European machine developed primarily for
cold forging applications can in addition to the orbital
motion of figure 10.2a perform linear, spiral and planetary
motions as shown respectively in figures 10.2b to 10.2d.

In this machine the orbital motion is most commonly
used and is best suited for circular shapes where most of the
deformation is required at the outer diameter of the
forging.

The linear motion is used to form elongate shapes
requiring metal flow predominantly in one direction. The
spiral movement is used for circular parts containing
intricate features at the centre whilst the planetary motion is
favoured for parts where radial metal flow is required as for
instance in filling the teeth of bevel gears.

o

-
\.

a  Orbital

line

b Straight

d Planetary

FIG. 10.2
Types of motion in orbital forging.

10.2 Characteristics of orbital forging

Metal deformation characteristics in orbital forging
differ considerably from those in conventional press
forging.

During the early stages of upsetting on an orbital press
contact is made between the workpiece and the upper
orbiting tool over a fairly large area but as upsetting
proceeds the area in contact with the tool decreases until in
the final stages of forging only a small area is being worked.

This is illustrated in figure 10.3 which also shows the
contact area in conventional upsetting.

This mechanism leads to a relatively constant upsetting
load during orbital forging compared with a continuously
increasing load during conventional forging as shown in
figure 10.3.

Another characteristic feature of orbital forging is the
tendency for mushrooming to occur during the early stages
of forging if low deformation rates with consequent small
contact areas are used.
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FIG. 10.3

Deformation zones and load-displacement curves for conventional and
orbital forging.

Conventional

This tendency to mushrooming increases as the initial
deformation rate decreases and as the height to diameter
ratio of the initial slug increases. The phenomenon is illus-
trated in figure 10.4.

The parameter- which in fact controls the tendency to
mushrooming is the draft per oscillation, ie the amount of
deformation of the workpiece per revolution of the orbiting
tool. If this is too low mushrooming occurs but on the other
hand if it is too high tensile fractures can occur at the centre
of the deformed workpiece.

For simple upsetting the draft per revolution, d is easily
calculated if the ram speed S in mm per second and the
orbiting speed r in revolutions per second are known. Then
d is given by

d=S/r mm per revolution.

In real forging shapes the draft per revolution will of
course vary throughout the forging.

l |

FIG. 10.4
Mushrooming effect in orbital forging.

10.3 The Rotaform machine

Since orbital forging is a new process it is undergoing
continual development and the characteristics of machines
may therefore change. The details of the process quoted
here are those which obtain at the time of writing.

The billet to be forged is placed on the lower die located
on the hydraulic ram and when the machine is actuated the
ram and die assembly move upwards with a fast approach
speed of 300 mm/s until an initial load of about 25 tonnef is
reached. Closure then continues at a reduced rate of about
75 mm/s until a load of 100 tonnef is established when the
closure rate is further reduced to 40 mm/s until the ram
reaches a pre-determined stop position. The ram is then
held in this position during a “‘roll out” period and then
rapidly retracted to its lower position at 600 mm/s. The
finished forging is then ejected and lubricant sprayed if
required. This forging sequence is illustrated schematically
in figure 10.5.

The orbital speed of the upper die is high (1000 rpm) to
minimise die contact times and this speed together with the
ram approach rates used gives drafts per revolution of the
order of 6 mm/rev in the early closure stage and 3 mm/rev
in the final closure stage. The facility to operate the ram
against a dead stop allows good control over forging
thickness which is claimed to be much closer than on crank
presses where thickness variations occur due to springing of
the press.

Although the machine was originally conceived for use at
conventional hot forging temperatures of about 1250°C
unacceptably low die lives were experienced and the process
was subsequently developed for warm forging in the range
600-850°C.

11

il

25 100 200 Roll Retract  Ejection Spray
Tonne Tonne Tonne Out
300 mmys| 75mm/s | 40 mm/s 600 mmy/s
Fast Preliminary | Final Stroke
Closure |Forge Forge Held
Closure Closure
FIG. 10.5

Operating sequence of Rotaform Machine.
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Production expg:rience has been confined mainly to thﬁ: Table 10.1 ' )
production of axisymmetric forgings and the method is . . k.
particularly suited to components having large thin flanges VSI Orbital Cold Forging Presses S
particularly those requiring close thickness control. A ' -
selection of forgings produced is shown in figure 10.6. Model ‘ OFP30 | OFP40 | oFP 100 | ©)
Because the Rotaform process utilises only a single die Maximom load—tonmef 1 g 5 58 D

station automation is simplified since the only requirement

is to place the billet on the bottom die forging station and Maximum piece diameter—mm 18 34 100
there are no problems associated with in press handling )
from one station to another. In fact automatic feeding Die stroke—mm 34 80 140
equipment is supplied as a standard feature of the machine. Upper die movements orbital orbital orbital O
. . planetary o
10.4 The VSI Orbital Forging Press - spiral O
This machine was originally developed in Poland and is linear P
now distributed by VSI Automation Assembly Incorpor- O
ated, of Troy, Michigan in the USA. S
It is intended for cold forging and the machine ranges ’,;ﬁ'
available at the time of writing are shown in table 10.1 QO
below. ’ . , -
5 . &)
_ O
pu
|
O
O

O

O
O
O
O

FIG. 10.6
A selection of forgings made under the Rotaform.
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11 AUTOMATIC HORIZONTAL FORGING
PRESSES

Automatic transfer machines for cold heading to produce
nuts and bolts from coiled feedstock have existed for a long
time. It was natural therefore that machines based on
similar principles should be developed to hot forge
components which because of their size or material com-
position could not be cold forged.

Two manufacturers now supply automatic horizontal
forging presses. The operating principle of these machines
is illustrated schematically in figure 11.1.

Heated bar stock is presented to the machine and a piece
of suitable length is sheared and then automatically
transferred through three or four forming stations.

Spring loaded gripping fingers in the feeding device hold
the blank or part formed piece until the punch in the
moving die pushes the piece into the stationary die cavity.

Allrthe die stations can be fitted with ejectors in both Zhe
moving and stationary dies. Forgings are removed from the
final station punch by a stripper plate and where a wad is
punched it is pushed through the die for removal. Because
of the automatic transfer system between die stations and
because all stations are simultaneously occupied the
machines are capable of exceptionally high production
rates.

Machines of this type are produced by Hatebur Metal-
forming Equipment and The National Machinery
Company. Brief details of the standard range of machines

" available are given in table 11.1 below.

1]

P
P
ek

PIERCE FINISH FORM PREFORM UPSET

SHEAR

FIG. 11.1
Tooling layout for automatically producing a forging in four die stations.

Table 11.1

Details of automatic horizontal forging presses

Manufacturer — Hatebur

Size rating AMP 20 AMP 30 AMP 50 AMP 70
Weight of forgings — g 20—150 50—700 170—1700 400—5000
Maximum diameter of round parts — mm 35 64 92 145
Bar diameter — mm 14-—25 18—40 28—50 36—175
Cut off length — mm 15—40 20—72 32—110 45—150
Number of die stations 3 3 4’ 4
Production rate — parts/min 120—180 85—140 60—100 50—80
Tonnage rating — tinnef 60 230 800 1500
Ram stroke — mm 110 160 240 320
Ejector stroke — mm 55 70 90 130—150
Manufacturer — National Machinery
Size rating 2—3 3—3 3—4 54 6—4 7—4 10—3
Weight of forgings — g 37—398 56—1080 56—1080 150—1700 360—3100 360—5440 | 1380—7460
Maximum diameter of round parts — mm 45 67 67 92 120 145 195
Bar diameter —— mm 18—232 19—44 19—44 28—50 36—60 36—75 50—90
Cut off length — mm 16—63 25—88 25—88 31—110 45—140 45—152 65—150
Number of die stations 3 3 4 4 4 4 3
Production rate — parts/min 150 120 85120 55—100 40—70 50—80 30—45 .
Tounage rating — tonnef 120 230 230 800 1200 1500 2700
Ram stroke — mm 203 254 254 320 381 381 450
Ejector stroke — mm 75 100 100 100 150 38152 40—180
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The forgings made on automatic horizontal forging
presses are essentially closed die forgings with very small
draft angles. Figure 11.2 indicates typical forging tolerances
and machining allowance as suggested in publicity literature
from the Hatebur company.

Because of the high capital cost of these machines, their
high production rate and special tooling development they
are applicable only to large volume orders.

Furthermore the shape of the components produced must
be axisymmetric or nearly so. Figure 11.3 shows a typical
range of components produced, while figure 11.4 shows a
photograph of the die area of a Hatebur AMP 70 machine
producing bearing races.

FIG. 11.3

Selection of components made on Hotmatics. Output from 80 to 180
a minute.

FIG. 11.4

Die area of AMP 70 Hotmatic producing bearing races by combination
forging. Piercing and separating done at 4th station.
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Machine AMP 20 AMP 30 AMP 50 AMP 70
Diameter A max. 35 64 90 120
Tolerance on A, B — mm +0.2 +0.3 +0.4 +0.4
Tolerance on C — mm -0.3 -0.4 -0.6 —0.6
Tolerance on H, H, +0.2 +0.256 +0.3 +0.3
Difference in wall

thickness up to — mm 0.5 0.6 0.8 1.0
Edge radii 1-2 mm

Corner radii 2.4 mm

Internal draft angles 1-2°

External draft angles %°

Minimum machining allowances considering the maximum wall
thickness difference and minimum depth of cut in machining.

Diameter A up to — mm 30 50 80 120
Allowance “a” — mm 0.35 05 0.65 0.75
Allowance “b" — mm 0.5 0.75 1.0 1.20
Allowance “c” — mm 0.6 0.6 0.8 1.0

Average slug thickness S is about 0.1c+3 mm

Where deep bores occur the slug thickness should be greater than
this to prolong the life of the ejector and punch in the main forging
station.

At points marked x a burr of no more than 1 mm may occur.

FIG. 11.2
Tolerances and machining allowances.
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12 HYDRAULIC PRESSES

12.1 Press construction and press drives

Hydraulic press manufacturers have developed many
designs according to the particular requirements of
different users. In this section of the handbook only the
basic principles of design can be considered.

The hydraulic press consists essentially of a framework
carrying a hydraulic cylinder to the piston of which is
attached a platen to carry forging tools which act against
tools carried on a stationary bed.

In spite of the many design variations hydraulic presses
can be classified into two types of construction, being either
of the push down or pull down type.

The earliest press designs were of the push down type
illustrated schematically in figure 12.1. The main hydraulic
cylinder is mounted in a stationary cross-head and pushes
down a moving ram which carries the upper forging tools,

_the lower ones being mounted on the press bed.

Because the hydraulic system is mounted on top of the

-press considerable head room is required and in addition

any oil leakage from the system is likely to spill onto the
forging thus constituting a fire hazard.

In an attempt to overcome some of the problems asso-
ciated with the push down design press manufacturers
virtually stood existing designs on their head and developed
the pull-down press shown schematically in figure 12.2.
Here the main hydraulic cylinder is mounted in the press
bed and pulls down a moving cross-head which carries the
upper forging tools as shown.

The hydraulic system is contained in a pit below floor
level and consequently less head room is required and any

‘oil spillage represents far less of a fire risk.

This design of press also accommodated a greater degree
of off-centre loading since the guiding was within the bed
structure.

The main disadvantages of the pull-down design are the
considerable increase in foundation costs and the
difficulties encountered when planishing at high stroking
rates. These result from the need to accelerate, stop and
reverse about 70% of the total press weight at stroking rates
up to about 80 per minute. In the push-down design the
moving part weight is much less.

Another major division of press types, irrespective of
design, is the drive system which may be a direct oil drive or
an accumulator drive.

Early press designs frequently had a water accumulator
drive system such as that shown in figure 12.3. In this
system gas pressure in the accumulators is used to pressurise
the hydraulic fluid in the main cylinder. With this type of
drive the rate of penetration into the workpiece is not
directly dependent on the pump characteristics and can vary
according to the accumulator pressure and the deformation
resistance of the forging.

In presses with direct oil drive, oil, as shown in figure
12.4, is drawn into the main cylinder from a prefill tank via
a valve which closes when the press engages the workpiece.
During the forging stroke oil is supplied directly to the
cylinder by the pumps which must have sufficient capacity
to maintain the forging pressure throughout the stroke.

At the end of forging, which is signalled by a
predetermined tool position or maximum pressure, the
main pumps are diverted to the lifting cylinders and oil
from the main cylinder exhausts to the prefill tank via the
prefill valve.

The choice of press drive system involves many factors
and depends on the exact requirements of the machine. In
general direct oil drive is favoured for small to medium size
presses but very large presses of 10 000 tonnef capacity
upwards are usually accumulator driven since pumps with

sufficient capacity to supply the large volumes of oil
required are very expensive.

Accumulator drive becomes even more attractive when
an accumulator system can be used with more than one

press.

stahonary
cross -head
with hydraulic
cylinder

* moving piston-
ram assembly

. press bed

ram return
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FIG. 12.1
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12.2 Hydraulic press applications

Whilst hydraulic presses find very wide application for
open die forging where they have largely replaced hammers
their use in closed die forging is far more restricted.

Because of the long contact times between forging and
die excessive cooling occurs when hydraulic presses are used
for closed die forging and this leads to poor filling of die
cavities and low tool lives.

Hydraulic presses are however used for forging the light
alloys of aluminium and magnesium. Since these materials
have a low forging temperature heat losses can be
adequately compensated by preheating of dies.

The particular application in this field is the production
of large close-to-form forgings for the aerospace industry.

In the general drop forging industry the main application
of hydraulic presses is for cold coining operations.

12.3 Press specification

Euroforge have issued a trilingual booklet giving compre-
hensive details of the specifications required to define the
capability of a hydraulic press. The booklet is entitled
“Form of enquiry, quoting and ordering of drop forging
plant — Hydraulic Presses’’. Copies are available from the
following addresses.

Accumulator Drive

National Association of Drop Forgers & Stampers
Grove Hill House

245 Grove Lane

Handsworth

Birmingham B20 2GB

England

Fabrimeétal

21 rue des Drapiers
1050 Bruxelles
Belgique

Syndicat National de I’Estampage et de la Forge
10 Avenue Hoche

75382 Paris Cedex 08

France

Institut for Verkstadsteknisk Forskning
Molndalsvigen 85 :
412 85 Géteborg

Sweden A

Verband Deutscher Gesenkschmieden
Goldene Pforte

5800 Hagen

Bundesrepublik Deutschland

]
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FIG. 12.3

Direct Drive

i

M - Motor V1t - One way valve

P - Pump V2 - Bye-pass valve

A - Accumulator V3 - Control valve
FIG. 12.4
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13 MULTIRAM FORGING PRESSES

Multiple ram presses have been developed which allow the
production of forgings with cores and with undercuts. The
horizontal forging machine may be regarded as a simple
form of multiram press but is not considered in this section.

The presses which have been constructed consist of a
main ram or rams operating in a vertical direction and up to
four other rams operating in a horizontal plane.

Arrangements have been designed which allow multiple
ram forging on hydraulic presses and also crank and
friction-screw presses.

13.1 Hydraulic multiram presses

A large hydraulic multiple ram press operated by
Cameron Ironworks at Livingston in Scotland consists of a
main ram rated at 30 000 tonf with a stroke of 3 metres and
main side rams each rated at 6 000 tonf. An auxilliary
piercing ram of 6 000 tonf capacity can be carried by the
main ram.

A further ram acting as an ejector or bottom piercing
ram is rated at 1 000 tonf. The press can be operated in
three basic modes as described below.

13.1.1 The vertical mode

The vertical mode of operation is illustrated in figure
13.1. Split dies are mounted on the side rams of the press
and a contoured die segment or piercing punch is attached
to the main vertical ram.

The sequence of operations during forging is as follows.
The heated billet is placed on the lower platen of the press
and the side rams close the split dies initiating metal defor-
mation. The main ram is next actuated and the piercing
punch or top segment then completes the forging operation
to produce a flashless forging.

13.1.2 The horizontal mode

In the horizontal mode the split dies are mounted on the
base of the press and the main ram with shaped die
segments or piercing punches is carried by the horizontal
rams as shown in figure 13.2.

The heated stock is placed in the lower die cavity and the
main ram operated to close the dies and begin forging
which is then completed by the actuation of the side rams.
The main ram then retracts to open the dies and withdrawal
of the side rams allows removal of the forging.

13.1.3 Combined vertical and horizontal modes

In this combined process the main dies are located on the
base of the press and the vertical ram. The piercing punches
are carried on both the side rams and the vertical ram as
shown in figure 13.3.

The heated stock is placed in the bottom die half and the
main ram closes the dies to begin forging. The side rams
then operate to form the horizontally disposed cavities in
the piece and forging is completed by actuation of the
vertical piercing punch.

Withdrawal of the piercing punches followed by opening
of the dies allows the forging to be removed.

Whilst the press described has been successful in
producing large forgings attempts to apply the same
techniques at the smaller end of the forging range have been
less satisfactory. This is largely due to poor tooling perfor-
mance especially when long, small diameter piercing
punches have been used. Due to their small heat capacity
premature wear and distortion are more likely than with
larger tooling of much greater heat capacity.

The British company of John Shaw and Sons produced
hydraulic presses with a main ram and four horizontally
disposed side rams. Figure 13.4 shows the production of a
steel elbow forging in a press with a main ram of 750 tonf
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capacity and side rams rated at 150 tonf. In the examplf )
illustrated only two of the side rams carry forging toolmg -

Whilst this method of forging offers attractive matena)
savings its increased use for production of small stegh \
forgings probably awaits the development of improved t00:~
materials at an economic price. o
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Multiram press— horizontal mode.
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IS FIG. 13.4 Open Position
\) Elbow forging produced in Shaw press. ,

P : _ / _ - FIG. 135
;: Vertical sub-press-open position.
et 13.2 Multiple ram subpress assemblles for use on mech-

&y anical presses

. Subpress assemblies have been developed for split die and

o cored forging on both crank presses and friction screw Component:
&) presses. Currently their main application has been in Gate Valve Body.
o forging of brass components where the low working _ _
£) temperatures and absence of abrasive scale lead to . _Aﬁ.
o acceptable tool lives. The principle of forging is however

) applicable to steel and a hmlted range of such forgings is

{:,] produced.
Both vertical and horizontal sub-presses have been
O developed and those described below are the arrangements

s

offered by the Brmsh press manufacturer, Wilkins and
Mitchell. v KKK RN

13.2.1 The vertical sub-press I ’ 7
This unit consists of a base plate fastened to the bottom 22 ‘ j j

bolster of a crank. press. The base plate carries a main
punch together with a centre body on which are mounted
four cone slides which act as die or punch holders. The
centre body also carries levers and an actuating cylinder. A [ : ! ]
cone arrangement is fastened to the press ram.

In the loading position, which is illustrated in figure 13.5,
the centre body is supported on pressure pins from an air
cushion and the cone slides are in an open position. The
main working punch is fixed to a base plate and projects
through the centre body into the die cavity.

For the forging cycle the heated billet is placed on the
main punch and rests in the cavity of the right hand die.

On actuating a foot switch the cone slides carrying appro-
priate die segments close round the billet and a limit switch
operates the press ram. Descent of the ram locks the lower E, Cidiiggighlirtit i
dies by means of the top cone engaging with the die ; y )
segments. Further travel of the ram causes the centre body
to move downwards against the cushion pressure causing e ;
metal to flow over the stationary punch to produce the o N A
closed die forging. Figure 13.6 illustrates the situation at the f
bottom of the press stroke.

The vertical sub-press is suited to the production of
difficult cored forgings which require a heavy forging load
in the vertical direction. gelisre

Closed Position

FIG. 13.6
Vertical subpress —closed position.

13.2.2 The horizontal sub-press

This unit comprises top and bottom plates bolted to the L
press ram and bed respectively and a central body which NN
carries the punch stations .and which is supported by
pressure pins from an air cushion. Open Position.

Dies are fixed to the top plate and the centre body. The
arrangement with dies and punches in the open position is ‘ " FIG. 13.7
shown in figure 13.7. . Horizontal subpress-open position.




For the forging operation a billet is placed in the bottom
die cavity and the press ram descends to close the die faces.
The whole die assembly then continues to move down
against the air cushion and bell crank levers built into the
centre body force the punches into the die cavity to produce
the forging.

If required two of the bell crank mechanisms can be
replaced by stations actuated from the press ram by means
of cam pillars. With this arrangement punches can be
placed in their final position before the die faces meet so
that they perform no work on the billet which is extruded
round the stationary punch. The position of dies and pun-
ches in the fully closed condition is illustrated in figure
13.8.

In addition to the four side cores two more can be accom-
modated, one moving up through the bottom die and the
other located in the top die.

Component: %z Union Body.

o
Closed Position.
FIG. 13.8
Horizontal subpress—closed position.

14 FORGING ROLLS

Where volume production of preforms is required as in the
press forging of elongate parts they may be produced in
forging rolls which are also sometimes called reducer rolls.

The principle on which forging rolls operate is illustrated
in figure 14.1. Heated bar stock is placed between the rolls
against a back stop. When the rolls are actuated they rotate
so that the bar is fed back towards the operator and the
required part of the bar is reduced in cross-section.

Forging rolls may be of the cantilever type in which the
working part of the roll shaft overhangs the roll bearing as
shown in figure 14.2. Alternatively they may be of the
double bearing design in which the roll shaft has supporting
bearings at each end as shown in figure 14.3. Frequently the
double-bearing type also has a small cantilever shaft as
shown in figure 14.4. figure 14.5 shows a photograph of a
cantilever type machine.

Generally more rolling passes can be accommodated on
the double bearing design due to the greater support of the
roll shaft.

Rolling passes are cut in alloy steel segments which are
then keyed onto the roll shaft in the appropriate position.
Sets of roll segments are shown in figure 14.6.

In use, depending on the particular application the rolls
may rotate continuously or once through an angle of 360°C
or, where very short roll segments are used, once through
180°C, thus allowing two roll passes to be mounted at the
same roll.position.

Many manufacturers supply transfer equipment for
forging rolls so that rolling may be done automatically.

- The machines are rated according to the maximum size of
bar which can be rolled. Table 14.1 shows details of
machine capabilities taken from manufacturers catalogues.
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Table 14.1 A
Maximum square billet size (S) and maximum rolled length -
(L) as a function of machine roll diameter (D) [
All dimensions in mm ')
)
National Wilkins and ,:
Eumuco Hasenclever Machinery Mitchell 5)
p s L|bp s L|{D s L{p s L[O
—_ — — 1240 30 365} 250 55 508 —_ — — 'AB
300 40 460 | 300 45 4551300 75 610 — — — \‘:
370 S5 570370 60 56038 100 760|370 55 570 |( )
460 75 7101460 75 700 — — — 460 75 710 |-~
—_ — e —_ - — 1 510 125 1010 | — —_ — C‘}
S60 100 870 [ 560 100 860| — — — 560 100 870 |( )
680 125 1050 | 680 125 1040] — — — |680 125 1050 |
850 150 1240 | 800 150 1230| — — —| — _ _ |0
— — — 1950 180 1450 — — — — — — {D
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FIG. 14.1

Principle of operation of forging rolls.
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Cantilever type forging rolls.
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Double bearing forging rolls.
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Double bearing forging rolls with cantilever section.
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15 TRANSVERSE ROLLING MACHINES

The process of transverse rolling or cross rolling has been
developed to produce finished components for subsequent
machining or preforms for subsequent forging.

Two commercially available systems have been developed
and each is described below.

15.1 The Smeral Transverse Rolling System

The principle of the transverse rolling system
manufactured by the Czechoslovakian Company Smeralovy
Zavody is illustrated in figure 15.1.

Induction heated bar stock is positioned with its axis
parallel to the axes of two large diameter rolls on which are
mounted V-shaped wedge segments.

During rolling the rolls make one complete revolution
and the wedges gradually reduce and elongate sections of
the bar stock. :

Cut off blade

[
Work rolls
Planishing -—'\
surface \

Wedge

Bar stock

FIG. 15.1
Principle of Smeral transverse rolling machine.

Taper

Concave

—1_ ]
— ]

FIG. 15.3
Types of transition between reduced and unreduced sections.

N L

There are two basic types of wedge design. The first o
shown in figure 15.2a reduces a central section of the bar‘\)

leaving the two ends at the original diameter. o

The second type of wedge design shown in figure 15.2b KJ
simultaneously reduces sections of the bar leaving a central )
unreduced region. Alternatively a single wedge of this type O
may be used to displace material in one direction only.
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FIG. 156.2
Basic types of rolling wedge.
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The transition region between reduced and original bar
sections can take several forms as illustrated in figure 15,3. {D
Wedge segments can be combined in a variety of ways. ..
Figure 15.4 shows two type A segments mounted side by O
side on a roll whilst figure 15.5 shows a type A and a type B )
segment mounted in tandem.

It is usual to complete the deformation by one segment
before further rolling by another wedge commences.

—

Convex

Sharp

FIG. 15.4
Type A segments mounted in echelon.
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Each wedge as shown in f}igure 15.6 contaains alred_urciing Table 15.1
ifing section, a stretching section and a planisiung ) .
gercggrllf.m'lg“he flank sections o%- the wedge have shallow Smeral machine specification
grooves Or dimples to provide frictional grip to prevent the
" wedges slipping over the bar stock during rolling. Diameter of feedstock — mm 15-50
Details of the machine specification taken from the Maximum length of feedstock — mm 250
manufacturer’s catalogue are shown in table 15.1 below. Maximum length of rolled product — mm 400
Maximum reduction in one operation — % 75
Work rolls
Diameter — mm 600
Width — mm 400
Mean distance between axes -— mm 725
Lower roll adjustment — mm +25
Maximum length of tool 240°
7
N\

FIG. 15.5

Type A and type B segments.
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Forming land Knifing

]

Stretching

Sizing

w
E
b
d

over rolling

Relief to avoid
D Billet

Finished

component

FIG. 15.6
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15.2 The Erfurt Transverse Rolling System

The Erfurt cross rolling machine is based on essentially
the same principle as the Smeral version except that the
wedges are carried on flat, vertically reciprocating plattens
as shown in figure 15.7.

Details of the Erfurt transverse rolling machines again
taken from the manufacturer’s catalogue are shown in
table 15.2.

Table 15.2

Erfurt machine specification

Machine size 40.1 100.1
Maximum diameter of feedstock — mm 40 100
Maximum length of rolled product — mm 400 630
Maximum working stroke — mm 1600 2500

L

FIG. 16.7

15.3 Tool Design in Transverse Rolling

The basic parameters involved in tool design are, as shown
in figure 15.8, the wedge angle W, the flank angle F and the
degree of reduction R to be achieved over a length L.

The wedge angle W determines the length of the rolling
path required to produce a given length of reduced section
as shown in figure 15.9.

Incorrect tool design can lead to the following defects in
the rolled product.

(1) Surface overlapping.

(2) Necking in the reduced section which in extreme cases
can cause tensile fracture.

(3) Slipping of the wedges over the workpiece.

(4) Formation of central cavities or bursts in the reduced
section.

Know-how regarding tool design is vested in the manu-
facturers and users of the machine and is not generally
available.

Erfurt suggest that the included wedge angle W should lie
within the range 10-30° whilst the flank angle F may take
values of 15-45°,

Hayama, of Yokohama National University has made a
theoretical study of the deformation process in transverse
rolling and has suggested several design recommendations.
Full details of these may be found in reference 1 given at the
end of this section.
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Figure 15.10 shows Hayama’s recommendations for the -
relationship between wedge and flank angles. These angleé»;)
should be chosen to lie within the curves shown in solid")
lines. If however, slipping occurs the choice of angles~
should be restricted to the area enclosed by the dashed )

curves. o
Reference 1

“Optimum working conditions in the cross-rolling of a{»)
stepped shaft’” M Hayama — Journal of Mechanical™ )

Working Technology, Vol 3 No 1 June 1979. Elsevier
Scientific Publishing Company. 3
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16 CLEARSPACE HAMMERS

Clearspace hammers such as that shown in figure 16.1 are
widely used for making free hand forgings and preforms
for drop forging.

Simple tools are used and the quality of preforms
produced depends entirely on the skill and dexterity of the
operator.

The approximate size of hammer required to forge a
given size of square mild steel bar is shown in figure 16.2.

The upper curve shows a maximum bar size and is
applicable wherp a hammer is used only occasionally on a
particular bar size.

Where a given bar size is to be forged regularly the lower
curve should be used for hammer selection in the interests
of speed of production.

17 KEY DRIVING MACHINE

The traditional method of driving and loosening keys on
hammer dies is to use a sledge hammer or, on larger plant, a
heavy ram swung from an overhead support.

The German company, J Banning AG, has developed a
pneumatically operated key driver. The equipment consists
of a heavy body piece which can be clamped securely to the
forks of a fork-lift truck or suspended from an overhead
crane. Both types are illustrated in figure 17.1,

An air actuated ram is used as an impact device acting
against a guided key driver.

A hand lever is moved forward to actuate the ram and
drawn back to return the ram to its rest position.

The actuating lever can be used to contro! the force of the
impact blow or alternatively a slide valve can be set to give
blows of a preselected energy.

Four sizes of the key driver are available as shown in
table 17.1 below which also gives an indication of the
maximum key size for which each is suitable.

FIG. 16.1
FIG. 17.1a
6001
3 500~
2
L2
2 400~
€
& €
o
® 300
g3
- &
5 2 ,00f
QO
N @
) o
100~
i I 1 1 1 ]
2 3 4 5 6
Biow energy 000s mkg
FIG. 16.2 FIG. 17.1b
Table 17.1
Details of Banning key drivers
Size rating KERA 100 KERA 200 KERA 400 KERA 800
Blow energy — mkg! 100-—200 150—300 300—500 700—950
Maximum key size — mm 60 x 80 x 500 80 x 120 x 1000 100 x 160 x 2000 any

'energy depends on air pressure
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18 HIGH ENERGY RATE FORGING
MACHINES

In the early 1960’s a number of manufacturing companies
produced new designs of impact forging machines which
became known as high energy rate forging (HERF)
machines.

Figure 18.1 illustrates schematically the operating
principle on which HERF machines were based. In the
container above the piston which carries the tup T gas is
hydraulically compressed to a high pressure P and this high
pressure gas acts on a small area a of the top of the piston.
A seal s is maintained by low pressure gas p acting on a
large area A. Provided the product pA exceeds Pa the seal is
maintained and the machine remains in the cocked position
ready to operate.

The seal s may be broken by mechanical or other means
allowing the high pressure gas P to act on the whole area A,
_ of the pxston head. The product PA, now greatly exceeds
the supporting force pA and the plStOI‘l and ram assembly
?)re rapidly accelerated downwards to perform a forging
“blow.

7] L
B S

pA > Pa PA1 >> PA

FiG. 18.1

The high gas pressures used were about 10 to 15 N/mm?
and led to impact speeds in the range 5000 to 20 000
mm/second with corresponding blow energies varying from
about 10 to over 20 000 kgm.

Because relatively small machines delivered such a high
blow energy they were not designed as double-acting
hammers mounted on a massive foundation but as counter-
blow machines. Some machines such as the US Industries
design operated with top and bottom tups of equal mass
driven towards each other with equal velocity. In other
designs such as that used in the Dynapak version the frame
of the machine was a floating assembly held in position and
stabilised through bellows-type air cushions. During a
forging blow the tup was driven downwards at a high
velocity whilst the massive frame moved upwards with a
much lower velocity but the same momentum as the tup.
This counterblow arrangement meant massive foundations
were not required.

Another method of providing the tup energy was used at
Birmingham University in England where the Petroforge
machine was developed. In this design petrol was ignited in
the cavity above the piston to provide the motive power
although in later versions gas was used instead of petrol.
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When HERF was first introduced a number of exag- -

gerated claims were made regarding the capability of thex)
machines to produce forgings. =

It was claimed that under high rates of deformatlon
metals would exhibit enhanced ductility and would flow“ )
like a fluid to fill narrow, intricate die cavities. In addltlon( )
it was claimed that the process was ideally suited to the™

production of flashless forgings. D

It was indeed true that impressive forgings could be made 'S
in a single blow as the illustrations in figure 18.2 indicate." )
These examples are taken from a US Industries’ publicity ()
brochure.

Growing experience of HERF showed that the ability to&J
produce thin webs and fill narrow ribs was in fact due to the/™
very short contact time between billet and die during the ~
forging blow. This minimised chilling of the forging and in{.)
many cases any heat loss was more than compensated by -
the temperature increase generated by the working of the‘\]
billet. : D)

As user experience of HERF developed certain draw-
backs became apparent. Although contact times during the ()
forging blow itself were very short the component and the
die remained in intimate contact for a relatively long period ©
after the blow before the dies were separated. This led to O
excessive heating of the dies and poor die life resulted. This
effect was exacerbated by the inability to use moulding ()
impressions as is common practice in hammer and crank
press forging. {)

Additionally in some cases the use of a single die()
impression led to wunsatisfactory grain flow and the
formation of folds in forgings. U

Thus in spite of the early promise of HERF the machines ¢
have never become widely accepted in the general forging
industry but have found a strictly limited application for {
the production of special forgings.

FIG. 18.2
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19 PLANT REPAIR

Previous sections of this Handbook have attempted to give
the reader an understanding of how forging plant works
and how it should be used to avoid premature failure.

Inevitably however plant will wear out or failures of
components will occur. A number of methods have been
used to deal with cracks including drilling holes at the end
of a crack to arrest its progress. localised welding, metal
stitching, bolting or welding plate across the crack and even
using tie bars to hold halves of a member together.

If however cracking was extensive or complete fracture
of a part had occurred none of the above methods offered a
solution and there was no alternative except expensive
replacement by a machined forging or casting.

Recent progress in welding however has resulted in the
development of a process which allows major repairs of
large plant and forging dies to be carried out. The original
developments were done in America but one version of the
welding process is now commercially available in the United
Kingdom, where it is known as the Floodmold Process.

The Floodmold Process

- The first procedure in the Floodmold process is to assess
the extent of cracking using ultrasonic or Magnaflux
testing. Even where a component is broken in two crack
detecting may be necessary to locate secondary cracks
which exist in addition to the main fracture path.

Metal is then removed from the damaged area to remove
all cracks by “‘scarfing’’, ie melting away metal using high
pressure oxy-acetylene burners or in the case of austenitic
materials, arc-air equipment.

At this stage preheating is only necessary when scarfing
high carbon or high alloy steels and the process leaves a
clean metal surface onto which weld metal can be deposited
without further treatment. After scarfing further crack
detecting is carried out to ensure complete removal before
welding commences.

The component is then preheated to 200-500°C
depending on composition and the weld metal is deposited
as described below.

The scarfed portion is inclined at about 30° to the
horizontal and if the channel is open ended at the bottom
end a heavy gauge copper plate is used to close the end and
form a dam.

Weld metal is then deposited using large flux-coated
electrodes held in a manipulator. Depending on the extent
of the repair the electrode core size varies up to a maximum
of 19 mm diameter.

The weld pool remains molten long enough to allow the
slag formed from the rod to rise to the surface and flow
over the dam. As the weld pool is moved up the inclined
cavity the first metal deposited solidifies with a slag
covering which acts as a heat shield.

After welding is completed the part is stress relieved at
500-600°C and slowly cooled. The weld is then cleaned by
oxy-acetylene cutting and finally heat treated to ensure the
development of compatible properties between the parent
metal and the deposit before final machining.

Applications

The potential of the process is perhaps best illustrated by
briefly describing some applications.

Figure 19.1 shows a broken ram from a double acting
hammer. A crack had been repaired using an austenitic
electrode but complete fracture occurred soon after the
repair.

The two halves were axially located by inserting a mild
steel slug into the bored out holes shown. Radial location
was ensured by matching the fracture faces and heavy tack
welding.
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Fig. 19.1

The assembly was then scarfed to produce a cavity 13¢./
mm wide at the top by 50 mm at the bottom as shown ir
figure 19.2. Two further scarfing and welding operations J
were then carried out to complete the repair as as shown i: )
figure 19.3. Figure 19.4 shows the ram after final_
machining.
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FIG. 19.2
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Electrode d 1.3 8117111} .6 79 23

The repair time was one month and the cost one fifth of
the replacement cost.

The composition of the ram and weld metal are p
compared in table 19.1 together with mechanical properties O
achieved after heat treatment. o

'

Table 19.1
Elon- ,f\
UTS |gation \,,.)
C | Si| Mn| Ni | Cr| Mo|kg/mm? % S
v‘\,/

Ram 350 3] 7| 1.6)1.2].35]95/110f 17 e

Electrode d 1 ] 8 L7 11| .6 |95/102) 20 /)

The repair was completed in two weeks at one third the C
cost of a new ram. O

Figure 19.5 shows the connecting rod from a 4000 tonnef —
crank press being crack detected Multiple cracking of the O
small end had occurred. ; O

To effect the repair the whole of the small end was
scarfed away (figure 19.6) and a new forgmg was welded )
on. Figure 19.7 shows the preliminary positioning of the @)
two parts whilst figure 19.8 shows the welding taking place FIG. 19.4 C
and figure 19.9 the completed repair. T

The composition and final properties of the original ~
connecting rod, the small end forging and the welding w
electrode are compared in table 19.2. O

Table 19.2 O

Elon-

UTS |gation .
C1{ Sij Mn{ Ni| Cr| Mojkg/mm? % {3
Original con-rod 31251 7)) — ) — | — 71 23 {»}
Small end forging. df .25 5] 1.3 81 — 79 17 é
O

FIG. 19.5

F1G. 19.3 FIG. 19.6
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) 20 SELECTION AND APPLICATION OF
¢ FORGING PLANT

Plant selection in the drop forge usually falls into one of

three categories.

(1) deciding which piece of exjsting plant to use for the
production of a given forging.

(2) deciding whether a potential forging order can be
produced economically on existing plant. The most
common occurrence in this category is deciding
whether the largest available piece of plant will make
the forging.

(3) deciding what size of plant to buy when existing
equipment is to be replaced. This problem often arises
when old hammers are to be replaced by more modern
ones or by crank or screw presses. These latter cases
invariably lead to a debate on which size of press is
equivalent to a given size of hammer.

Before discussing these three categories in more detail it
is useful to recall some fundamental principles of forging
and machine characteristics.

It has been shown that for any forging there is a charac-
teristic load-displacement diagram which indicates the
maximum load and energy requirement needed to produce
the forging.

To produce a forging on a crank press the load and
energy requirements of the forging must be fulfilled in one
single forging blow and furthermore the load-displacement
curve for the forging must at all times be below the charac-
teristic load-displacement curve for the press.

In most forging applications if a crank  press has
sufficient load capacity to produce a forging it will also
have sufficient energy capacity. The exception to.this-
generalisation is most likely to be in extrusion type
operations where a maximum load demand builds up early
in the deformation process.

Thus the main characteristic of the forging press is a large
energy capacity for a given load rating.

At the other end of the scale of forging plant is the
hammer which has quite the opposite characteristics to the
forging press. Hammers are capable of generating very high
loads but for a given load capacity they have very little
energy content per blow. This deficiency in energy can of
course be compensated to some extent by the use of
multiple blows.

The characteristics indicated so far suggest that the shape
of the forging will in some cases indicate the type of forging
plant most likely to be suitable for economic production.

Thus thin, flat forgings which because of their shape
require high forging loads but little energy due to the small
displacement will be most suited to hammer forging. The
low energy requirement for such forgings leads to the need
for only a small number of hammer blows and thus a high
production rate.

If such forgings were made on a press the capital cost
would be high due to the high load requirement and would
be unlikely to be compensated by a much higher production
rate since that on the hammer is already high.

This reasoning usually applies irrespective of the order
quantities involved thus dispelling the widely held
conception that press forging can always be justified
provided orders are sufficiently large.

A detailed study in Germany of 21 forgings showed that
in 12 cases hammer forging was more economic than press
forging irrespective of run size whilst the reverse was true in
one instance. For the remaining eight forgings press forging
: ; became more economic than hammer forging as the run size
FIG. 19.9 : increased.

-
*? FIG. 19.7
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Typical forgings falling into this high load, low energy
category are spanners, hand tools and cutlery.

Another type of forging most suited to hammers is one
where deep bosses or ribs have to be filled, typical examples
of such forgings would be a weld neck flange or a stub axle.

In this instance a restrictive flash has to be used to ensure
die filling and this again leads to a high load requirement.

Recent tooling developments however allow forgings
such as the stub axle to be made on presses by incorporating
a virtually closed die extrusion station in the tooling.
Generally though the cost of tool development and
production is such that long runs are needed to make press
forging attractive.

Whilst these general principles regarding plant selection
are reasonably clear it is of course very difficult to present
them in quantitative terms. Figure 20.1 may however be
used as a rough indication of whether a forging is likely to
be suitable for consideration as a press forging.

If the forging load and hammer size for a given forging
are determined in the manner already described they can be
used to define a point on figure 20.1. those points falling
below the curve indicate that press forging may be
economic whilst those lying above the curve indicate the use
of hammer forging.

The further points lie below or above the curve the
clearer the choice is likely to be. It must however be stressed
that this figure is only meant to be a general guide.

There are of course other considerations apart from
those discussed above which will influence the choice of
plant. Hammer forging is extremely versatile and
particularly suited to small to medium runs of elongate
forgings where preforming can be done on the hammer dies
using fullering and rolling tools.

Only when production runs for elongate forgings are
large is the use of press forging justified. This is because of
the need to use auxilliary equipment, usually forging rolls,
for preforming operations.

In general therefore press forging is most widely used for
axisymmetric forgings where preforming is confined to a
scale breaking upset and forging in a moulding impression.

SOOOF
2000

1000 |-

500}

100 -

{ L1 1 iy § Lo r 1
100 500 1000 10000
Hammer energy rating - mkg
NB This is not total forging energy required
FIG. 20.1
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In addition to a high production rate the crank press;
offers other advantages compared with hammer forging. -
The use of ejectors on presses allows draft on forgings to be( )
reduced which is a particularly attractive feature on large
forgings such as crankshafts since it leads to lower weighti\)
and reducing machining. Control of offset is also better on
presses since pillared tool sets are commonly used and ram
guidance is much better than the tup guidance on hammers. )

Generally thickness control on press forgings is limited
because the dies cannot be allowed to meet as in other O
forging processes. In addition any variations in forging )
load due to billet temperature differences will lead to

variable press spring and thus thickness deviations. 1)

Thickness variations in press forging also occur due to
expansion effects as the die and bolster heat up during a

production run and periodic corrections are commonly { )
made by adjusting the bottom bolster position. {)

The general role of fraction screw presses in forging
appears to be even less clearly defined than that of hammers O
or crank presses. .

—

Like the latter they are not suitable for extensive O
preforming so that if used for elongate forgings of varying O
cross-section they must be accompanied by ancillary pre-
forming equipment. O

For many years screw presses have been used O
predominantly for the forging of turbine blades. Their -
suitability for such forgings stems from the fact that screw ¢
presses combine some of the advantageous features of both
hammers and presses.

As in the press there is good guidance and since pillared ¢
tool sets can also be used control of offset is very good. In
addition because the dies can meet on clashing faces good
thickness control is possible. The screw press is therefore
the preferred machine for precision forgings such as blades.

The developments in machine design, particularly the
slipping clutch, have resulted in the rapid development over
the last decade of very large friction screw presses and
machines with capacities up to 16000 tonnef exist.

In sizes of 6000 tonnef upwards there appears to be a
trend for the screw press to be preferred to the mechanical
press.

Apart from such very large developments the general
area of application of small to medium sized screw presses
is more similar to that for crank presses than for hammers.
The screw press is however less amenable to offset loading
than the crank press and so it is not possible to accommo-
date so many forging stations.

One of the main attractions of a screw press compared
with a crank press is the lower cost. Table 20.1 is based on
figures given in a Hasenclever publication and makes an
approximate cost comparison of the two machines.

In the table the comparison is not made between
machines of the same rated tonnage but rather between
machines able to produce an identical workpiece.
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Table 20.1 O

Load required for forging tonnef @

600 | 950 | 1500 | 1950 | 3000 | 4000 @

Mechanical press cost % 100 | 100 | 100 | 100 | 100 | 100 @
Screw press cost % 59 64 66 71 73 75 {_,}

O
Haviqg underlined the characteristics of the major types ()

of forging plant the original questions posed at the ~

beginning of this section can be considered. O

Questions 1 and 2 regarding the size of plant needed have
already been dealt with since methods for calculating O
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'Y required forging loads and energies have been presented
- and a simple graphical method of selecting hammer size has
© been given.

The remaining question concerns the equivalent sizes of
hammers and presses. The true answer to this question is
that there is in fact no general relationship and that the
equivalent size depends on the particular forging being

made.

Table 20.2 summarises the equivalent machine sizes as

D) suggested in the literature.

O Table 20.2

O ‘ Equivalent sizes of forging plant

() H/CP =hammer energy——mkg/press rating—tonnef

O H/FSP = hammer energy—mkg/screw press rating—tonnef

4 - Small Large {Unspecified] Average | Literature

P machines |machines|{ m/c size value source

;g H/CP 1.6 3.15 — 2.5 German

- 3.08-3.76 | 3.5 USA

{J 1.5 -2.5 2.0 UK
H/FSP 3.15 German

For reasons already discussed above it is not surprising
that there is no general agreement on equivalent plant sizes.
The range of values given is certainly too wide to allow a
rational economic decision to be taken on equivalent press
sizes to replace hammers.

Information given in previous sections of this Handbook
allows reasonable estimates of load and energy require-
ments for forgings to be made. This approach should
certainly be used when considering a large capital
investment in new plant.

The effort involved is minimal in relation to the cost of
the plant to be installed.
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