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ABSTRACT
Forging and sintering are two well explained processes used in the manufacturing of parts. This article
investigates about the sintered forging process which is the combination of the above two processes. The die
used in this process is modified die with several layers of different materials and heat treated accordingly
instead of using tool steel to make an effective die with reduced cost. Quenching of selected parts is done to
harden the die material. The samples of aluminium powder are made and examined for different parameters
along with microstructure and it was observed that pores in the material will eliminate after sintering process.
Also, the effect of load on the material is studied for density and hardness of different samples.
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INTRODUCTION
In recent years it has been observed that the world is moving on a fast way to achieve betterment of its
working process which leads to growth in automation.Everyone is working on innovative ideas to hit the apex.
To achieve the excellence in the work and to reach the peak one must not only focus on new techniques but
also consider other parameters which helps in the growth of organization like reduction in waste, reduction in
time and reduction in energy consumption. Reduction in energy consumption is more considerable than other
factor as the generation of energy itself produces a lot of waste (millions of tons) every year which a major
cause of death to thousands of people and extinction of various species from earth.

In current scenario the production units are growing at a very fast manner apart from that the automotive
sector is taking lead. High performance vehicles which requires light and robust material with new
manufacturing techniques. Aluminium is one of the basic element for such type of low weight parts and
products.M.Tocci, et.al.in 2015Conclude that AlSi3Cr alloy wheels have better strength than conventional
forged wheels[1] There are different types of manufacturing techniques used for production of aluminium
parts based on the type and design of part to be manufactured. There are lot of manufacturing processes for
aluminium like casting, sheet metal, powder metallurgy, forging, etc.  In current work forging process
isdiscussed although it is not the conventional forging process, it is the combination of powder metallurgy and
sintering process[3-4]. The main aim of this work is to reduce the amount of energy required to perform these
two operations simultaneously and also increase the material utilization percentage (Table 1) [2].

Table 1. Material comparison of conventional manufacturing process and sintered forging process

Conventional manufacturing
Process

Sintered Forging

Used Weight(gm) 560 325

Finished Part Weight(gm) 300 312

Material Loss(gm) 260 16

Material Utilization 54% 95%
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DIE DESIGN
The die material must be sufficiently hard to resist the deformation during the application of force, also the die
material should be chosen according to the material which is to be forged using the die. Usually the tool steel
H12 & H13 are used for the manufacturing of die, but the machining of these material costly, also the cost of
material itself is high due to its good mechanical properties. In present work instead of using H12 or H13 (tool
steel grade), a modified die design is used in which steel 304 and mild steel is used in different parts according
to the requirement of different material on different sites. The complete die set consists of 6 parts

1. Die Inner Section (Steel 304)
2. Die Middle Section (Mild Steel)
3. Die Outer Section (Steel 304)
4. Plunger (Mild Steel)
5. Bottom Support (Mild Steel)
6. Blanker (Mild steel)

Fig 1: Die set

All the parts of die set are made by using cylindrical rod with the help of centre lathe machine. The middle
section of die and plunger are heat treated for increasing the hardness of the mild steel. As during the process
of making cylindrical specimen from the die there is large force applied which is faced by mainly these two
components so these two components need to be sufficiently strong to withstand such a high pressure during
compression.

The heat treatment used to increase the hardness of discussed part is oil Quenching as shown in Fig 2.

Fig 2: Process flow chart of oil quenching
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MATERIAL PROPERTIES
Due to its light weight and enhanced properties aluminium is widely used in all areas specially in automobile
sector it is used to manufacture different components. The main advantage of using aluminium in such type of
application is that it reduces the weight of component while maintaining the robustness of the system. The
material used in this process is aluminium metal powder from Qualikem fine chemicals Pvt. Ltd., Delhi as
shown in Fig3. The chemical properties are described in Table 2 and physical properties of the metal powder
are as Follows

Physical State :- Powder Appearance:- silver-grey

Odour:-Odourless Boiling Point:- 2327 °C

Freezing/Melting Point:-660 °C Solubility:- Insoluble

Density:- 2.7020g/cm3 Molecular Formula:-Al

Atomic Mass:-26.98

Fig 3: Aluminium Metal Powder
Table 2. Chemical composition of aluminium metal powder

Test Specification Result

Assay Min. 99.7% 99.9%

Maximum limit of Impurities:

Iron 0.17% 0.16%

Copper 0.00159% 0.00150%

Silicon 0.1313% 0.1310%

Manganese 0.0023% 0.0021%

Magnesium 0.00160% 0.00158%

Zinc 0.0053% 0.0051%

PREPRATION OF SAMPLES
The process used for the manufacturing of the sample is sintered forging. It is the combination two well used
manufacturing techniques i.e. forging and sintering. As these two techniques are developed over decades and
increases the potential of manufacturing processes to work over a wide range of materials with refined
properties. The main aim of using sintered forging process is to incur the advantage of powder metallurgy,
forging and sintering[6-7].

A closed circular die set (Fig 1) is used to prepare the samples with the help of computerised 400KN
Universal Testing Machine(Fig 4) at recorded pressure. The die was lubricated with canola oil and graphite in
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oil. The weight of specimens is measured by using weighing scale AND GM-3000. The sintering of
specimens is done in microprocessor controlled muffle furnace (Fig 5) at 500°c for a period of 2 hours. Then
they are kept in sand for 2 hours and after that they are kept in open atmosphere to bring the specimen to room
temperature [5]. The effect of sintering is that the pores present in the specimen are eliminated and the product
will densify.

Fig 4: Computerized UTM

Fig 5: Microprocessor Controlled Muffle Furnace
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RESULT AND DISCUSSION
After performing various processes like forming and sintering the sample are ready (Fig 6) for further testing.
Different parameters are tested to obtain result which helps in determining the properties of the material.
Table 3 discuss the different parameters for the sintered forged aluminium specimens.

Fig 6: Sinter Forged Aluminium Powder Sample

Table 3 Technical data for Sintered forged aluminium Specimens

Parameters/ sample 1 2 3 4

Load(KN) 80.10 81.30 61.40 50.10

Weight(gm) 6.12 4.28 7.46 4.28

Density (gm/cc) 1.85 1.65 1.69 1.59

The above Table 3 will conclude that on increasing the applied load the density of sample will
increase.Microstructure for forged aluminium sample are studied for defects at the microscopic level. Images
of sample before and after sintering are taken and effects are studied. It has been found that sintering has a
significant effect on the aluminium samples. Fig 7 (a) and (b) shows the microstructure of aluminium
specimen before and after sintering respectively.

(a) (b)

Fig 7. (a) Microstructure before sintering (b) Microstructure after sintering

As shown in Fig 7(a) and (b)there is a large variation in aluminium sample can be seen. Large number of
pores can be seen in specimen before sintering (Fig 7 (a)) but after sintering at 500°C for 2 hours the pores are
eliminated (Fig 7(b)) and the density of material will increase.
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