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Abstract: Steels with large chromium and vanadium percentage can be used as spring steels which form the 
suspension system. Prevention of wear and increase in steel life depends principally on the design and 
operation of the component, but providing some pre-use treatment on steel can also improve the quality to a 
great extent. It has been seen that most of the study focuses on the experimental testing of the steel 
component, and very few focuses on the material testing and improving its properties beforehand. One of the 
processing routes to alter the properties is heat treatment. Nearly 90% of the springs are used in heat-
treated conditions. The primary requirement for conventional spring steel is toughness, strength & hardness. 
In this view, it is proposed to study the mechanical properties of C-80 spring steel with extra heat (thermal) 
treatments like normalizing, hardening and tempering. All heat treatments are carried out in atmospheric 
conditions. Hardening treatment improves the hardness of the material, a marginal decrease in hardness 
value with improved ductility is observed in tempering. Hardening and longer duration tempering show 
better wear resistance compare to other heat treatments. Both mild and severe wear regions are observed. 
The mechanical properties (tensile yield strength, ultimate tensile strength, Young’s modulus, percentage 
reduction, percentage elongation, toughness, resilience and hardness) of the treated and untreated samples 
were determined using standard methods, and the mechanical properties valid for the cycle-time were noted. 
Results showed that the mechanical properties of C-80 Spring steel could be changed and improved by 
various heat treatments for a particular application in die-holders for horizontal extrusion. It was also found 
that the annealed samples with a hardening temperature of 825°C and oil quenched at 60°C, which was 
further tempered for 3 hours at 400°C had sustained for the most extended period as it had the highest 
resilience that allowed it to come back to its original shape irrespective of the high temperatures in the 
process. 
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I. INTRODUCTION 
 

Extrusion is the process by which a block of metal is reduced in cross-section by forcing it to flow 
through a die orifice under high pressure. In general, extrusion produces rods and hollow tubes, but irregular 
cross-section shapes can also be produced from highly formable materials. In this process, a circlip is used as 
a die holder in horizontal extrusion in the plant. The equipment used presses with a capacity of 1500 - 5000 
tonnes, while a few presses of 14000 tonnes capacity were constructed. Due to this, the die and the die holder 
used in the extrusion must withstand considerable abuse from high stresses, thermal shock, and oxidation. 
Spring steel circlip was considered due to its properties like high yield strength, ability to resist deformation, 
absorb shock, and Pliability. Spring steels are used in quenched and tempered conditions, giving optimum 
strength, toughness, and vibration damping. The change in microstructure and strength after the heat 
treatment process depends on the cooling rate obtained during quenching. Due to operational safety, springs 
have to meet increasing performance requirements, which concern mechanical properties and fatigue 
strength. Today oil quenched and tempered springs are widely used for heavy-duty springs where high 
mechanical properties are the main design driver[1-5]. . Major requirements of the spring steel are high yield 
strength, high proportional limit, and high fatigue strength. These desirable spring properties can be achieved 
firstly by a higher carbon content or with suitable alloying elements and secondly by heat treatment. Steel 
springs are used in hard, high-strength conditions. To attain the required properties, springs are hardened and 
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tempered. Table I shows the chemical composition of the C-80 spring steel used in this study.  
 

Table1: Spring Steel Composition 
 

Element  C Mn Si Cr P S Mo Ni 
Percentage 0.75 0.60 0.35 0.40 0.025 0.025 0.100 0.400 

 
 

 
II. EXPERIMENTALSETUP 

 
 

A. Specimen preparation 
 

Standard specimens are prepared with the required dimensions for tensile, impact, hardness, and wear tests. 
The shape and size of standard dimension chosen for the tests are shown in Figures 1 and 2. 
 

Figure 1: Tensile Test Specimen (mm) 
 

 

 
 

Figure2: Hardness Test Specimen (mm) 
 
 

B. Heat Treatment of Spring Steels  
 
Any metal, or alloy which can be hand-drawn or rolled to fairly high strength and retains sufficient ductility 
to form, may be used for springs, or any alloy which can be heat treated to high strength and good ductility 
before or after forming may be used. Special considerations require special spring properties such as good 
fatigue life, non-magnetic characteristics, resistance to corrosion, elevated temperatures, and drift. 
 
The factors governing the maximum safe stress for springs are the elastic limit, or proportional limit in 
tension, and the torsional proportional limit. Loading to greater stress values would result in permanent set 
and the spring would not return to its original state. 
 
For any material, the allowable working stress will depend on the magnitude of the following factors: 
1. Working stress, solid stress and stress range. 
2. Frequency of deflections or oscillations. 
3. Temperature, stress and permissible Relaxation.  
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It must be kept in mind that tensile properties of spring materials vary with the diameter; the smaller the 
diameter of the wire, the higher the tensile properties and conversely. Fatigue is the most common cause of 
spring failure due to some stress raiser or heterogeneity. 
 
One physical constant entering all spring elements' design is the elastic modulus, or load-deflection ratio 
(Table 12.7). Metals differ widely in stiffness, the tension modulus ranging from 41.4 GNm-2 for magnesium 
to 517.5 GNm-2 for iridium. 
 
The spring materials can be divided in three classes based on stiffness: 
i. Nickel and steels (carbon and alloy) have tension modulus of 200 GNm-2; 
ii. Bronze and other copper alloys have modulus 103.5 GNm-2; 
iii. Monel metal, aluminum bronze, beryllium copper has modulus in between steel and bronzes. 
 
Stiffness, i.e., the resistance to sagging and distortion under load, is a very important property of spring 
materials. The load deflections are small for a spring made of high modulus material and conversely. 
 
Large tonnages of steel springs are made of carbon steels having carbon from 0.50 to 1.2%. These may be 
fabricated as hot-rolled, cold-rolled, or drawn, annealed, hard drawn, tempered, or patented. Choice of 
material depends on cost, manufacturing method, application. 
 
Spring temper is given to materials by cold working, heat treating, or combining both methods. 
 
a) Pretempered: 
This condition includes oil-tempered wires and flat steels; hard drawn wires including music wire; stainless 
steels. After being made into springs, these materials are usually given low temperature stress relieving 
treatment. 
 
b) Untempered: 
This condition includes annealed high carbon steels and alloy steel bars, wires, flats. After forming, these 
springs are hardened by quenching in oil and tempered. Steel wire springs are in pre-tempered state, 
especially for valve springs of 10 mm diameter. 
 
Steel has the highest endurance limit of all spring materials. Cold working particularly, cold drawing 
improves it further. Heat treating spring steel produces the most effective elastic limit along with best fatigue 
properties. The surface conditions should be sound and smooth. Corrosion and decarburization are very 
detrimental to fatigue strength of steel springs. Removal of the decarburized layer increases the fatigue limits. 
 

Table 2: Modulus of commonly used spring steel 
 

Material In tension (E) In torsion (G) 
Flat Spring Steel 207 GNm-2 79.35 GNm-2 

Hard Carbon Steel Wire 207 GNm-2 79.35 GNm-2 
Oil-tempered Steel Wire 200 GNm-2 79.35 GNm-2 

Music Wire 207 GNm-2 79.35 GNm-2 
Hard-drawn Steel Spring Wire 200 GNm-2 79.35 GNm-2 

Hot-Rolled Steel Bars 196 GNm-2 72.45 GNm-2 
Chrome-Vanadium Steel 207 GNm-2 79.35 GNm-2 
Silicon-manganese Steel 200 GNm-2 74.18 GNm-2 

Stainless Steel 193.2 GNm-2 69 GNm-2 
Brass (70/30) 103.5 GNm-2 38 GNm-2 
Nickel Silver 110.4 GNm-2 38 GNm-2 

 
 
On account of the low hardenability of plain carbon steels, these are used for light springs, usually in 
thickness not exceeding 5 mm. A large field of application for carbon steel is helical springs. The wire is first 
hardened by patenting and then drawn to the required strength. 
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Thin section carbon-steel springs can be quenched and tempered too. The hardness of the spring should 
match its dimensions. In principle, the smaller the dimensions of the spring, the higher are the hardness. 
Watch spring of only a few tenths of a millimeter in thickne
quenched. 
 
For Spring steel 
Heat treatment of spring steels mainly involves three steps
• Annealing process 
• Hardening Process 
• Tempering process 
 
i. Annealing process 
 
Annealing is a heat treatment process that alte
electrical properties. Typically, annealing is used in steels to reduce hardness, increase ductility, and help 
eliminate internal stresses. Annealing is a generic term and may refer to subcrit
annealing in various atmospheres. 
The annealing process involves heating the given sample to the required temperature, soaking well to a 
certain time, and cooling it to room temperature.
For C-80 spring steels, annealing is don
for 1 hour and then furnace cooling it to room temperature.
 
ii. Hardening process 
 
The total heating time should be just enough to attain uniform temperature through the section of the part to 
enable the completion of phase transformation and obtain homogeneous austenite. It should not be longer to 
cause grain growth, oxidation, and decarburization. Therefore the steel must be held at the hardening 
temperature for a short duration, generally cal
Moreover, measures should be taken to preventdecarburization, though they are the simplest ones, such as 
covering the bottom of the furnace with charcoal or used carburizing compound.
 
After soaking at that hardening temperature, the steel specimen must be cold quenched at a rate temperature 
of the quenching oil should be maintaining around 60°C
heat transfer rate, and it should be free from water.
 

 
Fig

 
 
Here hardening is done slowly at a temperature of
done further in oil, brine, or water.  
It cools faster than its critical cooling rate to attain martensite. After 

steel springs can be quenched and tempered too. The hardness of the spring should 
match its dimensions. In principle, the smaller the dimensions of the spring, the higher are the hardness. 
Watch spring of only a few tenths of a millimeter in thickness are tempered at 160-300°C after being 

Heat treatment of spring steels mainly involves three steps 

Annealing is a heat treatment process that alters the microstructure of a material to change its mechanical or 
electrical properties. Typically, annealing is used in steels to reduce hardness, increase ductility, and help 
eliminate internal stresses. Annealing is a generic term and may refer to subcritical, intermediate, or full 

The annealing process involves heating the given sample to the required temperature, soaking well to a 
certain time, and cooling it to room temperature.  

80 spring steels, annealing is done on heating slowly to a temperature of 680 -710°c
it to room temperature. 

The total heating time should be just enough to attain uniform temperature through the section of the part to 
enable the completion of phase transformation and obtain homogeneous austenite. It should not be longer to 
cause grain growth, oxidation, and decarburization. Therefore the steel must be held at the hardening 
temperature for a short duration, generally calculated based on one hour per inch of wire diameter
Moreover, measures should be taken to preventdecarburization, though they are the simplest ones, such as 
covering the bottom of the furnace with charcoal or used carburizing compound. 

t that hardening temperature, the steel specimen must be cold quenched at a rate temperature 
of the quenching oil should be maintaining around 60°C.The oil should have a good fluidity to increase the 
heat transfer rate, and it should be free from water. 

Figure3: Heat TreatmentCycle 

Here hardening is done slowly at a temperature of 820 - 875 °C and is allowed to heat through. Quenching is 

It cools faster than its critical cooling rate to attain martensite. After holding for the desired length of time in 

steel springs can be quenched and tempered too. The hardness of the spring should 
match its dimensions. In principle, the smaller the dimensions of the spring, the higher are the hardness. 

300°C after being 

rs the microstructure of a material to change its mechanical or 
electrical properties. Typically, annealing is used in steels to reduce hardness, increase ductility, and help 

ical, intermediate, or full 

The annealing process involves heating the given sample to the required temperature, soaking well to a 

710°c and soaking it 

The total heating time should be just enough to attain uniform temperature through the section of the part to 
enable the completion of phase transformation and obtain homogeneous austenite. It should not be longer to 
cause grain growth, oxidation, and decarburization. Therefore the steel must be held at the hardening 

culated based on one hour per inch of wire diameter[6]. 
Moreover, measures should be taken to preventdecarburization, though they are the simplest ones, such as 

t that hardening temperature, the steel specimen must be cold quenched at a rate temperature 
The oil should have a good fluidity to increase the 

and is allowed to heat through. Quenching is 

holding for the desired length of time in 
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iii. Tempering process 
 
The final step of this heat treatment cycle is tempering. Tempering is the process of heating the hardened 
steel to a temperature maximum up to lower critical temperature, soaking at this temperature, and then 
cooling, normally very slowly. 
 
The selective spring steel is tempered in the temperature range of 
properties and structures depend on tempering temperature and time. Here soaking time used is
is air quenched to room temperature. 
 
 

 
i. Hardness Test 
 
Rockwell hardness for all heat treatment conditions is performed at room temperature. There are two 
different significant trends in this graph because of changing of structural effect. 
water quench of same steel are observed, wh
 

Figure

 
ii. Yield Strength  
 
For all treatment conditions, since the yield stress has been taken as the stress at 0.2% offset, no true yield 
point was observed in tensile tests. Any treatment method has virtually no effect on the modulus of elasticity 
of this alloy at room temperature. 
 

The final step of this heat treatment cycle is tempering. Tempering is the process of heating the hardened 
rature maximum up to lower critical temperature, soaking at this temperature, and then 

The selective spring steel is tempered in the temperature range of 400°C - 550°C in this paper. The desired 
end on tempering temperature and time. Here soaking time used is

III. TESTING ANDRESULTS 

Rockwell hardness for all heat treatment conditions is performed at room temperature. There are two 
different significant trends in this graph because of changing of structural effect. Micro structures
water quench of same steel are observed, which contains martensite and retained austenite. 

 
ure 4: Hardness v/s Temperature 

 

For all treatment conditions, since the yield stress has been taken as the stress at 0.2% offset, no true yield 
Any treatment method has virtually no effect on the modulus of elasticity 

 

The final step of this heat treatment cycle is tempering. Tempering is the process of heating the hardened 
rature maximum up to lower critical temperature, soaking at this temperature, and then 

in this paper. The desired 
end on tempering temperature and time. Here soaking time used is 3 hours and 

Rockwell hardness for all heat treatment conditions is performed at room temperature. There are two 
Micro structures of oil and 

 

 

For all treatment conditions, since the yield stress has been taken as the stress at 0.2% offset, no true yield 
Any treatment method has virtually no effect on the modulus of elasticity 
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iii. Ultimate Tensile Strength 
According to the structural point of view, retained austenite transforms to ba
alloy develops maximum elastic properties during this range and 450°C with one hour tempering treatment 
condition is best suited for spring production.
 

Figure 6:
 
 
After that yield strength values are steady decrease to 500°C and constant at 550°C. In the temperature range 
(500°C-550°C), the resultant microstructures are coarsening and spheroidisation of cementite along with 
recovery and recrystallization of ferrite. 
 
However, ultimate tensile strengths are steadily decrease by increasing tempering time and temperature.
 
iv. Heat Treatment, Tensile and Hardness Test Results 
 
Various results of heat treatments are obtained of the given spring steel C
hardening and tempering.  
 
 
 

Table 3:Heat Treatment
 

Sample 
No. 

Hardening 
temperature 

Tempering 
temperature 

Tempering 

1 825 400 
2 825 450 
3 850 400 
4 850 450 2hrs15min
5 875 400 
6 875 450 

 
 
v. Results before heat treatment 
 
Hardness        =   16HRC 
Yield strength =  339.63 MPa 
U T S.               =  662.10 MPa 
Resilience.      =  1.110 MPa 

According to the structural point of view, retained austenite transforms to bainite at 400°C  to  450°C. This 
alloy develops maximum elastic properties during this range and 450°C with one hour tempering treatment 
condition is best suited for spring production. 

ure 6: Ultimate Strength v/s Temperature 

th values are steady decrease to 500°C and constant at 550°C. In the temperature range 
550°C), the resultant microstructures are coarsening and spheroidisation of cementite along with 

recovery and recrystallization of ferrite.  

nsile strengths are steadily decrease by increasing tempering time and temperature.

Heat Treatment, Tensile and Hardness Test Results  

Various results of heat treatments are obtained of the given spring steel C-80 on changing temperatures of 

Heat Treatment, Hardness and Tensile Test Results 

Tempering 
time 

UTS 
(MPa) 

YS 
(MPa) 

E 
(MPa) 

Hardness
(HRC)

3hrs 1348.06 1080.20 82047.61 40.8
3hrs 1184.79 915.96 104110.84 41.8
3hrs 971.05 735.46 106868.74 31.8

2hrs15min 1154.45 736.77 124105.63 
3hrs 1361.57 1165.48 102731.88 42.7
3hrs 1157.28 928.44 99973.98 39.7

inite at 400°C  to  450°C. This 
alloy develops maximum elastic properties during this range and 450°C with one hour tempering treatment 

 

th values are steady decrease to 500°C and constant at 550°C. In the temperature range 
550°C), the resultant microstructures are coarsening and spheroidisation of cementite along with 

nsile strengths are steadily decrease by increasing tempering time and temperature. 

80 on changing temperatures of 

Hardness 
(HRC) 

Resilience 
(MPa) 

40.8 8.34 
41.8 4.94 
31.8 3.24 
32 2.47 

42.7 7.79 
39.7 5.24 
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vi. UTS and Yield Strength(MPa) 
 
 X axis - Sample Number 
   Y axis - UTS and Yield Strength (MPa)

 
 

Fig
 
vii. Hardness(HRC) -  
 
 X axis - Sample Number 
   Y axis - Hardness(HRC) 

 
 

 
viii. Resilience 
 
 X axis - Sample Number 
   Y axis - Resilience(MPa) 
 
 

(MPa) -  

(MPa) 

Figure7: UTS and Yield Strength 

Figure8: Hardness 
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ix. Stress - Strain Graph Before Heat 

Figure10: Stress(KSI) vs Strain(%) (before heat treatment)
 

Figure 9: Resilience 

eat Treatment - 

ure10: Stress(KSI) vs Strain(%) (before heat treatment) 
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x. Stress- Strain Graph After Heat Treatment  
 

 
Figure11: Stress(KSI) vs Strain(%) (After Heat Treatment) 

 
 
 
 

 
 
 
 
 
 
 

IV. OBSERVATIONS AND CONCLUSION 
 
In extrusion, circlip is used as a die holder, which is operated at high temperatures in the extrusion process 
performed in the EPP plant. As the temperature increases, the circlip tends to lose its resilience and ultimately 
loses its elastic properties. In order to improve the strength and life of the circlips, various heat treatments 
have been conducted. After the heat treatment in different optimum conditions, the sample with the below 
parameters has been selected for the heat treatment in the manufacturing of the circlips. 

 
 Sample Number = 1 
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 Hardness= 40.8 HRC 

 UTS=1348.063 MPa 

 Yield strength =1080.20 MPa 

 Resilience=8.34MPa 
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