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ABSTRACT
AISI 4130 grade is a versatile alloy with main elements are Cr,Mo. It’s offered different strength levels, toughness and fatigue strength due to change in the different heat treatment cycles basically heat treatment cycle Normalizing ,Hardening, followed by  Tempering at different Temperature heat treatment is for quit huge Cross section area say (Ø 390 mm x 265 L mm)  Normalizing  at 890 oC,Hardening at 860 oCand  different tempering  temperatures are 
 (1) 565 o C (2) 655 oC at this tempering temperature very good combination of mechanical properties are obtained like tensile strength, hardness & toughness.
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1 INTRODUCTION	
In this modern world we come across various engineering materials, but when these materials are scrutinized we find that steel remains predominant. Steel has provided modern engineer the leverage to tailor engineering components ranging from a small nut to huge skyscrapers. Amongst various classes of steel, Medium carbon steels stands apart and are considered to be the backbone of modern industry. Steel can briefly be divided into three types; one of them is medium carbon steel. A medium carbon steel having 0.80-1.10% Cr, 1% Ni and 0.28-0.33 C with Tempered Martensite structure can be considered as a medium carbon steel. Medium carbon steels occupy a unique status as engineering materials by virtue of their excellent combination of properties such as high strength, adequate ductility, toughness and good corrosion resistance. These steels find extensive application in chemical plants, power generation equipment’s, in gas turbines as turbine and compressor blades and discs, aircraft engine components and fittings and in marine components. 
These steels can be heat treated to obtain a wide range of mechanical properties to meet the requirements of specific application AISI 4130 is one of the most potentially attractive steels in this medium carbon steel class used extensively for parts requiring a combination of high tensile strength, good toughness and corrosion resistance. 4130 is a high chromium-low nickel low hardenability Medium carbon steel and generally used as hardened and tempered in the tensile range 655 min MPa, Brinell range 204-244 BHN. Characterised by very good corrosion resistance in general atmospheric corrosive environments, good resistance to mild marine and industrial atmospheres, resistant to many organic materials, nitric acid and petroleum products coupled with high tensile and high yield strength plus excellent toughness in the hardened and tempered condition. So AISI 4130 is used in highly-stressed aircraft components, pump shafts and valve stems etc.
Generally heavy components of AISI 4130 steel like shaft, axle etc can be manufactured by open die hot forging (heavy forging). The forging of type AISI 4130 steel is carried out between the ranges of 900 to 1200 °C followed by slow cooling up to room temperature. The slow cooling of materials shall be done by either furnace or insulating materials. Normalizing process (after cooling of heavy forged part) immediately required for forged products to make them machinable after normalizing followed hardening and tempering.

2. EXPERIMENTAL METHODOLOGY
Normalizing has been done at 890°C (Ø390 X 1140 mm Lg ), Soaking for 10 hr, cooling in furnace.
After normalizing, hardness is 184-191 BHN, 
Figure 1: Microstructure Observation of normalized condition : (Ferrite + pearlite phase observed)
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Table 1: Parametric- variables
	Object dimension (mm)
	Normalizing Temp
	Tempering Temp (0 C)

	Sample A  (390 Ø x 265 L)
	860o C
	518+ 47 =565

	Sample B (390 Ø x 265 L)
	860o C
	565 + 90 = 655






EXPERIMENT 1
Hardening
Hardening of Sample A  (Ø390 X 265 mm Lg) is done at 860 ֯ C, Soaking for 8 hr and Water quenching. 
Figure 2: Heat treatment cycle for hardening
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Table2: Quenching Temperature
	Initial temp of water
	Final temp of water (Specimen is immersed into quenching tank)
	Temp differences
	Time

	25 ֯ C
	41 ֯ C
	16 ֯ C
	85 sec


TEMPERING
After Hardening, tempering is done at 565 ֯ C, soaking for 13 hr, air cooling.







Figure 3: Heat treatment cycle for tempering
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EXPERIMENT 2
Hardening
Hardening of Sample B (Ø390 X 265 mm L) is done at 860 ֯ C,  
[image: ]



Table 4:-Quenching Temperature
	Initial temp of water
	Final temp of water      (Sample is immersed into  quenching tank)
	Temp differences
	Time

	25 ֯ C 
	41 ֯ C
	16 ֯ C
	85 sec



Tempering
Tempering of Sample B is done at 655 ֯ C, Soaking for 13 hr and air cooling.
Figure4:Heat treatment cycle of Tempering
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3. RESULTS AND DISCUSSION
Result of Tensile, Micro and Impact Testing
Table 5: Result of Tensile Testing, Impact & Hardness of Sample A
	Sample
(Ø390 X 210 mm Lg)
	Hardness after hardening at 860 ֯ C (BHN)
	Hardness after tempering at 565 ֯ C
(BHN)
	Hardness after tempering at 30 mm from Surface

	A
	312,312,312
	232,223,232
	223,214,232,206


               
	Tensile Strength
(MPa)
	Elongation
(%)
	Reduction
Area (%)
	Impact (Charpy V notch) 
Temp – 45  ֯c  (J)
	Avg

	776
	25.14
	59.290
	50,48,34
	44


            
 
Microstructure Analysis after tempering of Sample A as below:-                                                                    
Figure 5: Microstructure observed tempered martensite and ferrite, Etchant 2% Nital.
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Table 6 :Result of  Tensile , Micro and Impact Testing of Sample B
	Sample
(Ø390 X 265 mm Lg)
	Hardness after hardening at 860 ֯ C (BHN)
	Hardness after tempering at 655 ֯ C
(BHN)
	Yield strength
(MPa)
	Tensile Strength
(MPa)

	B
	326,331,311
	197,212,204
	503
	684



	Elongation
(%)
	Reduction
Area (%)
	Impact (Charpy V notch)  Temp
– 45  ֯c  (J)
	Avg

	29.02
	60.068
	12,83,38
	44.33


Micro analysis after tempering as below of Sample B:
Figure 7: Microstructure observed tempered martensite and ferrite, Etchant 2% Nital 
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4 DISCUSSION
Hardening at 860°C followed by tempering significantly influences the balance between strength and toughness of the material. 
Tempering temperature significantly affects the mechanical properties of AISI 4130 steel, where lower tempering (565 °C) provides higher strength and hardness, while higher tempering (655 °C) improves ductility and softens the microstructure.
Both conditions exhibit tempered martensite with ferrite, confirming a strength–ductility trade-off governed by tempering temperature.
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