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technique. Again, depending on the compaction technique
employed and on the pressure and temperature levels applied,
the properties of the compact will vary. Furthermore, for
a particular sintering process, the sintering atmosphere,
duration and temperature have considerable effects on the

properties of the component.

The availability of a great numbér of powder materials and
process variables widen the choice and options for the
producer of sintered components. Furthermore, there are
many technical and economic - advantages in using sintered
components, such as, simplicity of alloying and obtaining
alloys<§hich otherwise are unobtainable, no material waste,
good tolerances and finish, no machining, low capital
investment, light where Weigﬁt is critical and useful where
porosity is intended (bearings and filters) and the near

finished preform shape offers great savings when metal

forging is required.

Because of the presence of porosity, the strength of
sintered components are lower than their-counterparts in
solid'material. Therefore, a forging process becomes
essential when full density is required. 1In this case,
the material is allowed to deform in order to densify and,

at the same time, fill the forging die cavity and consequently



it work hardens as well. Also, full density can be
achieved by direct hot repressing which does not involve

plastic deformation.

For the forging process, a knowledge of proper preform and
die design is vital. The successful forging process is
the one which allows the preform to fill the die cavity
without cracking and the attainment of full density without

excessive repressing.

Extensive reséarch has beeﬁ carried out on the plastic
behaviour of sold materials and many theories have been
developed. Because of the fundamental assumption of volume
constancy, these solutions cannot be applied to porous
materials. Hence, the need for a new solution. When the
volume is constant, the hydrostatic stress component is
usually ignored in the analysis, but for porous materials
it should be considered. Furthermore, the presence of
pores increases the likelihood of fracture, also, the
nature of bonds to be established by closing-up the pores
during deformation might have a significant effect on the

properties of the product.

There have been many attempts to establish theoretical

solutions for the plastic deformation of porous materials



or to modify the copventional theory of plasticity for
solid materials to accommodate the change of volume.

However, the author believes that there is considerable
need and scope for further research in this field. The

aim of the experimental programme and the analyses developed

in this study is to further the understanding of the plastic |

behaviour of sintered billets during the forging process

in general and simple upsetting in particular.

1.2 Literature Survey

The subject of powder metallurgy has been given extensivé
consideration in recent years and much effort has been
directed to the study of a wide range of processes and
manufacturing techniques, namely; powder production,
powder compaction, sintering of the compacts, forging and
heat treatment of the sintered compacts. The aim of this
literature survey is to gather up-to-date information on
the characteristics of sinter-forged materials. Most of
the work which has been done so far has been concentrated
on the mechanical properties of sintered components and
their dependance on the level of porosity in the material.
There have been some-attempts to'analyse the plastic
deformation of sintered materials and to relate it to the

existing plasticity theories with due consideration to the
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This survey is confined to ferrous materials only.

While establishing the effects of some characteristics of
the raw material, ie the powder particles, Bargainnier and
Hirschhorn (1) observed no significant effect of the powder
particie size on hot forging of steel except poor reproduc-
ability of final density resulting from . fine powder.
Later on, Hupmann (2) observed an increase in Charpy
energy of the finer particle size of water atomized iron
powder after being hot forged in a closed die in order to
achieve a high degree of lateral flow. Hupmann (2) and
Antes (3) found that atomized iron preforms densify to a
higher rate than sponge iron preforms. Also when Antes
added carbon to the irom powder in the range of 0.41-0.61%
he noticed no effect on the rate of demsification, but the
load requirement to achieve a given density was increased.
Antes and Stock (4) observed the same effect of carbon
additions on yield strength in hot forging of steels; the
impact strength was also increased at room temperature, but
decreased once a fully martensitic structure was achieved.
Zapf (5) tested the effect of the addition of 1-10% nickel
in hot recompaction of irom compacts and found that nickel
increases the ultimate tensile strength and hardness, but

decreases elongation and electrical conductivity. Cundill,
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reduction of height, showed that at 92500 excellént
properties could be obtained. However, they recommended
the temperature of 1100°C as the best choice for industrial
application because the lower temperature is very critical
and hence difficult to control. Later, Suzuki and
Shimamura (11) hot forged three kinds of pure iron at
temperatures from 900 to 1200°C and obtained better tensile
strength at 1000°C and better impact resistance'at higher
temperatures and also recommended the temperature 1100°¢C

as the optimum by using a high energy-rate forging machine.
Furthermore, they related the increase of tensile and
hardness strengths to the grain size, which is finest at
1000°C, and the impact and elongation properties to the
forged density. Similar results were obtained by Shah and
Ramakrishnan (12) who also recommended heat treatment after
forging in order to improve the properties. In fact, the
lower range of forging temperature has another advantage
when economics are concerned as mentioned by Huppmann (13).
He found that forging forces for iron powder preforms are
~very low below the Y to @ transformation temperature. fﬂis
means significant savings in heating, die wear and oxidation.
Bargainnier andfﬁischhorn(l) studied the possibility of
combining sintering process with hot forging and thereby

saving the reheating process. They could obtain the same
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studied the influence of preform shape on material flow and
residual porosity in hot forging of iroﬁ compacts and
observed a good material flow when complicated shapes were
considered and that simpler preform shapes may lead to
better forgeability results, ie, lower load and higher
density. Downey (17) carried out extensive investigation
into the effect of preform shapes and modes of deformation
on material flow and fracture. Aren (18) successfully hot
forged iron preforms into a gear profile. Iron compacts
are also adaptable to rolling. - Billington, Fallas and
Torabi (19) hot rolled iron compacts of three densities
and éoncluded that there are three stages in deformation:
restacking and rearrangement, local plastic deformation’
and bulk plastic flow leading to grain elongation and

recrystallization.

The main theme of most of the previous.work was to achieve
a high density level when the forged material reached its
finai shape. Huseby and Scheil (9) found that a forged
density of éteel above 98% is very important for ultimaté
properties. In their tests, ductility and notch bar impact
strength dramatically increased nmear full density.
Bargainnier and Hirschhorn (1) observed in hot forging of

steel that carbon and oxygen levels decreased with an

increase in density. Furthermore, near full density could

.10 ,
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with the hydrostatic stress and as a result of this
combination, pores flatten. and close during deformation.
Thesé two mechanisms are explained diagramatically as shown

below.

\l /

—_— : HYDROSTATIC
STRESS

\\a 2 ;// HYDRgSTAﬂC _—
SHEAR il csm—
—-"*4-— STRESSES |
/ < A \ : ) |

The rate of densification is also affected by the kind of

deformation (26). There are three basic kinds of deformation
whiéh,singly or combined, represent any forging process.
These are: uniaxial strain (repressing), biaxial strain
(plain strain) and triaxial strain (upset£ing). Therefore,

densification is expected to be higher with the upsetting

13
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