
Manufacturing Technology Today, Vol. 18, No. 7, July 201942

Technical Paper

1. Introduction

Metal cutting is one among the oldest & most 
important material shaping processes which is 
widely used in the automotive, railway, ship-
building industry, aircraft manufacture, home 
appliance, electronics & construction industry, 
etc. Cutting tool is a very important in the 
manufacturing industry, hence lot of discussions 
& studies have been made to improve the quality 
and usage of cutting tool. Cutting tool has to 
have certain aspects or criteria such as hardness, 
toughness & wear resistance. 

Commonly used cutting tool materials are High 
Speed Steel (HSS), diamond tools, abrasive tools, 
carbide tools etc., for several applications. 

D-type tool steels contain between 10% and 18% 
chromium. These steels retain their hardness 
up to a temperature of 425°C (797 °F). Common 
applications for these tool steels include forging 
dies, die-casting die blocks, and drawing dies.  
Due to their high chromium content, certain 
D-grade tool steels are often considered stainless 
or semi-stainless; however their corrosion 
resistance is very limited due to the precipitation 
of the majority of their chromium and carbon 
constituents as carbides. [1-5]

2. Problem Identification

The main disadvantage of abrasive, HSS and 
super abrasives are cost which can be as much as 
ten times greater than ceramic or carbide. Even 
machining some composite materials, carbide or 
diamond tools fails unpredictably. Also, at high 
temperatures oxide formation takes place on  
high/low carbon steel and even carbide tools which 
leads to friction in machining.[6,7] 

To overcome this problem a tool must be 
developed such that it must be cost effective, have 
good mechanical machine ability and properties 
should match the conventional tool’s properties. 
Here we are making an attempt to make cutting 
tools of high carbon steel which can be forged and 
heat treatable. Further the tool must also able 
to with stand the heat generated in the metal-
cutting process. This cutting tool must have good 
characteristics like hardness, strength, toughness, 
and also retain cutting edge at high temperature. 

Heat treatment for the forged tool will helps 
to attain a good property value, preheating, 
normalizing, annealing, nitriding are some of 
the heat treatment processes done for forged 
tool. These heat treatment processes will helps 
to improve grain structure, improves toughness, 
hardness and as well as tool life. 

In this work we are focusing on study on effect 
of forging on cutting tool properties. These tools 
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will have standard geometry and specifications. 
This forging includes cold forged/hot forged and 
subjected to some specific heat treatment. This 
will improve grain structure, toughness, hardness 
and as well as tool life and reduce cost and help 
to cut specific materials in different industrial 
application.

3. Experimental Procedure

3.1. Selection of material

The raw materials selected are D-series tool 
steels (D1, D2, D3, and D4), because According to 
American iron and steel institute (AISI), D1, D2, 
D3 & D4  steel is the high-carbon, high-chromium  
tool steels alloyed with molybdenum and  
vanadium AISI D1, D2, D3 & D4 steels are the most 
widely used steel in the industry. AISI D2 & D3 
steels are recommended for tools requiring very 
high wear resistance, combined with moderate 
toughness, these steels are most suitable for 
testing. (Ref Table 1)

3.2. Forging process
 
D type tool steels D1, D2, D3, and D4 are subjected 
to Press Forging individually by using belt drop 
hammers of weight 500N. The Dimension of  
D-type tool steel before forging is 15*15*100  
(b * h * l). The Dimension of D-type tool steel after 
forging is 13*13*120 (b * h * l).

The materials are hot forged by heating it to  
above its re-crystallization temperature. Finally  
the specimens are heated in furnace up to 1000oC. 
(Ref Fig, 1)

3.3. Heat treatment process
  
Heat treatment is a process used to alter the 
physical, and sometimes chemical, properties of 
a material. Heat treatment involves the use of  

Table 1.
Composition of D1- tool steel.

Content %

C 0.9-1.10

Si 0.1-0.4

Mn 0.2-0.4

Cr 11.5-12.5

Mo 0.7-0.8

V 0.3-0.8

Table 1.
Composition of D2- tool steel.

Content %

C 1.4-1.6

Mn 0.6

Si 0.6

Co 1

Cr 11.2-13

Mo 0.7-1.2

V 1.1

P 0.03

Ni 0.3

Cu 0.25

S 0.03

Table 1.
Composition of D3- tool steel.

Content %

C 2-2.35

Si 0.6

Mn 0.6

Cr 11-13.5

Ni 0.3

V 1

W 1

P 0.03

S 0.03

Cu 0.25

Table 1.
Composition of D4- tool steel.

Content %

C 2.05-2.4

Mn 0.6

Si 0.6

Cr 11-13

Ni 0.3

Mo 0.7-1.2

V 1

P 0.03

S 0.03

Cu 0.25
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Fig. 1. Forging of D series tool steels.

heating or chilling, normally to extreme 
temperatures, to achieve a desired result such as 
hardening or softening of a material. 

Heat treatment technique includes annealing,  
case hardening, precipitation strengthening, 
tempering & quenching. In this work, D-series 
tools are heated and oil-quenched.

• Heating temperature       –   9800 for D1 & D2   	 	
                                                     9400 for D3 & D4
• Oil used                               –   servo quenching oil
• Hardening time                  –   30min
• Type of furnace                  –   salt bath
• Pre-heating temperature  –   5500 

3.4. Rockwell hardness test

The Rockwell scale is a hardness scale based on 
indentation hardness of a material. The Rockwell 
test determines the hardness by measuring the 
depth of penetration of an indenter under a large 
load compared to the penetration made by a 
preload. There are different scales, denoted by a 
single letter, that use different loads or indenters.
(Ref. Fig. 2.)

•	 Type of scale  –  C scale
•	 Load 	    –  150kg
•	 Indenter 	    –  Diamond cone indenter
•	 Time 	    –  20sec

Fig. 2. Digital rockwell hardness machine.

3.5. Force analysis
 
The Force analysis of D-type tool steel is to 
measure force that tool steel can sustain. The 
cutting forces were measured using strain gauge 
type three component lathe tool dynamometer 
mounted on specially designed fixture. It consists 
of three force components measurement circuit’s 
i.e. cutting force (thrust), feed force and radial 
force components with balancing for initial zero 
setting of the bridge settings. The strain gauge 
with D- type tool was attached to the tool post of 
the lathe machine. The readings for cutting forces 
were recorded after output stabilization and have 
been used for analysis. (Ref. Fig. 3.)
 
3.6. Impact test

Impact is a very important phenomenon in 
governing the life of a structure. An arm held 
at a specific height is released. The arm hits the  
sample and breaks it. From the energy absorbed  
by the sample, its strength is determined.

The Izod impact test differs from the Charpy impact 
test in that the sample is held in a cantilevered 
beam configuration as opposed to a three-point 
bending configuration.
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Fig. 3. Finding force using lathe tool dynamometer.

Impact test are used in studying the toughness 
of material. A material toughness is a factor 
of its ability to absorb energy during plastic  
deformation. Brittle materials have low toughness 
as a result of the small amount of plastic 
deformation that they can endure.

Impact value of a material can also vary with 
temperature. Generally, at low temperature, 
the impact strength of a material is decreased.  
(Ref. Fig. 4.)

Fig. 4. Impact testing machine.
 

4. Results and Discussion

4.1 Hardness Test

4.1. Hardness test
 

Graph 1. Rockwell hardness of the D-series tool steel.

Graph 2. Micro hardness of the D-series tool steel.

4.2. Force Analysis
 

Graph 3. Resultant forces for tools that 
are both forged & heat treated.



Manufacturing Technology Today, Vol. 18, No. 7, July 201946

Technical Paper

From graph it cn be observe that resultant force 
decreases as cutting speed increases. During 
turning operation D2 & D4 of forged & heat  
treated tools get blunted at 150rpm, but D1 
and D3 tools perform effectivelt at all the three  
kinds of cutting speeds.

Graph 4. Resultant force by varying feed rate.

Graph shows that resultant force increases as the 
feed rate increases. D3 & D1 tool perform better 
cutting at various feed rates than other tool. All the 
tools are operated at a cutting speed of 150 rpm

Graph 5. Resultant forces for the tools 
that are only heat treated.

Hear also as the cutting speed increases resultant 
forces decreases. At 52rpm & 150rpm D2 & D4 
perform better, at 250rpm D4 perform better than 
D1 & D3 tool. During turning operation no tool get 
blunted at various cutting speed. (Ref. Graph 6)
 
Graph shows that resultant force increases as the 
feed rate increases. Hear D2 tool perform better in 
all the three different feed rates when compare to 
other tools & heat also tools did not get blunt so we 
can say that heat treated tools perform better by 
varying both cutting speed & feed rate the forged 
& heat treated tool.

Graph 6. Resultant forces by varying feed rate.

4.4. Impact test

Graph 7. Impact strength of the IZOD Test.

From graph forged & heat treated D2 tool steel  
has more Impact strength than other tool steel 
hence toughness of the D2 tool steel is hingh in Izod 
test.

Graph 8. Impact strength of CHARPY test specimens.
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The above graph shows that an heat treated  
forged & heat treated tool steel in Charpy test also 
has more impact strength than heat treated &  
forged and heat treated tool steel. So in both case 
forged & heat treated tool steel has more Impact 
strength hence the toughness of the material 
increses.

5. Conclusions

From the results it is observed, tool steel after 
forging & heat treatment exhibits better hardness 
than untreated tool steel also D2 & D4 proved to 
be better than D1 & D3. 

From force analysis , performance of D2 & D4 are 
better than D1 & D3 for variable speed & feed 
rates.

D2 exhibits better toughness in both izod & Charpt 
test. 

Hence among D1, D2, D3 & D4. D2 tool steel 
performance is better and it can be used as a  
cutting tool with improved properties like 
toughness, hardness and less cutting force with 
improved rate of cutting. 
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