Vickers Hardness Testing of Case Hardened Transmission Gear Tooth, Shaft and Chrome Plated Crankshaft Main Bearing

Laboratory Experiment #10
MET231 Laboratory

Introduction

The objective of this laboratory is to measure the hardness profile of a carburized and heat-treated crankshaft main bearing and shaft.  Uses data in conjunction with photomicrographs of the sample microstructure so as to illustrate the relationship between the mechanical property, hardness, and the microstructure of the carburized and heat treated specimen.  In addition the hardness profile of a hard-chrome plated shaft will be evaluated.  Some of the data collected by the class of fall 2001 are presented in Figures 1 and 2.  

Report Requirements

This is a two-week laboratory.  The data collected uses the Buehler microhardness tester (week 1) and the Olympus microscope to evaluate the microstructure of heat-treated carburized parts and chrome plated crankshaft main bearing (week 2).  Each team will provide a short industrial style report that must include the following: (1) above experimental data, (2) outline methods used to carburize steel parts including theory, (3) outline methods used to chrome plate of steel parts including a drawing or schematic diagram from the literature showing the electroplating process, (4) and draw any conclusion of interest about the two methods to produce a hard wear resistant surface.

Include in the carburization part of the report:  (1) using the equation editor, to type the diffusion equations used to accomplish this task in industry.  Include an approximate solution to the carburization problem using the diffusion calculator, and include an Excel graph.  The Excel graph can be obtained using one of the Excel carburization calculators provided in lab.  A problem could be 5.31 in your textbook.  This is an interesting problem because D, the diffusion coefficient, is the unknown.  

Include in the electroplating part of the report: (1) the basic electrochemical theory, and (2) graph the hardness profile of the crankshaft journal bearing, and discuss how such a profile could be produced.  

Micro hardness Testing

· Measure the microhardness profile across the carburized region into the core of the tooth and shaft.

Vickers Micro hardness Measurement (HV
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The Buehler Microhardness Tester is currently equipped with a diamond pyramid (Vickers) indenter.  It is capable of working as low as 10 grams -- as high as 1,000 grams.

Each student or group will measure the hardness profile of each of the two specimens from the surface to the center of the specimen.

The instructor will provide oral instructions as to the proper calibration and use of this instrument during the laboratory period.
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Figure 1:  Hardness profile of chrome plated crankshaft main bearing.  Data collected by fall 2001 class.
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Figure 2:  Hardness profile of heat-treated carburized gear tooth.  Data collected by fall 2001 class.
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1045

		induction hardened 1045 steel

		distance				HV				HRC

		from soft to hard side

		0.704

		0				245				21.4

		0.071				241.7				20.7

		0.087				241.1				20.6

		0.093				245				21.4

		0.108				243.3				21

		0.123				243.3				21

		0.133				242.8				20.9

		0.18				243.9				21

		0.233				254.9				23.1

		0.305				251.9				22.6

		0.319				252.5				22.7

		0.353				282.6				27.5

		0.358				293.4				28.9

		0.367				310.3				31

		0.383				304				30.2

		0.404				342.3				34.7

		0.41				341.4				34.6

		0.422				345.1				35

		0.433				385				39.3

		0.469				608.6				55.7

		0.535				680.5				59.2

		0.545				672.8				58.9

		0.562				696.5				59.9

		0.583				688.4				59.6

		0.599				724.3				61.6

		0.633				712.9				60.6

		0.638				688.4				59.6

		0.645				667.7				58.7

		0.652				699.2				60

		0.661				688.4				59.6

		0.667				688.4				59.6

		0.678				657.7				58.7

		0.688				650.3				57

		0.698				635.9				57.1





chrome

		Chrome Plated

		distance				HV				HRC

		from hard to soft side

		0				953.9				66.2

		0.003				953.9				66.2

		0.006				872.6				66.2

		0.008				907.7				67.1

		0.012				283.3				27.6

		0.017				276.5				26.6

		0.023				266.6				25.1

		0.028				257.9				23.6

		0.034				254.9				23.1

		0.063				255.5				23.2

		0.078				242.8				20.9

		0.098				244.4				21.2

		0.119				248.4				22

		0.152				250.7				22.4

		0.238				251.9				22.6

		0.259				249				22.1
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1045

		induction hardened 1045 steel

		distance				HV				HRC

		from soft to hard side

				Reverse

		0.704		Direction

		0		0.698		245				21.4

		0.071		0.627		241.7				20.7

		0.087		0.611		241.1				20.6

		0.093		0.605		245				21.4

		0.108		0.59		243.3				21

		0.123		0.575		243.3				21

		0.133		0.565		242.8				20.9

		0.18		0.518		243.9				21

		0.233		0.465		254.9				23.1

		0.305		0.393		251.9				22.6

		0.319		0.379		252.5				22.7

		0.353		0.345		282.6				27.5

		0.358		0.34		293.4				28.9

		0.367		0.331		310.3				31

		0.383		0.315		304				30.2

		0.404		0.294		342.3				34.7

		0.41		0.288		341.4				34.6

		0.422		0.276		345.1				35

		0.433		0.265		385				39.3

		0.469		0.229		608.6				55.7

		0.535		0.163		680.5				59.2

		0.545		0.153		672.8				58.9

		0.562		0.136		696.5				59.9

		0.583		0.115		688.4				59.6

		0.599		0.099		724.3				61.6

		0.633		0.065		712.9				60.6

		0.638		0.06		688.4				59.6

		0.645		0.053		667.7				58.7

		0.652		0.046		699.2				60

		0.661		0.037		688.4				59.6

		0.667		0.031		688.4				59.6

		0.678		0.02		657.7				58.7

		0.688		0.01		650.3				57

		0.698		0		635.9				57.1
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Distance From Gear Tooth Surface, inches
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chrome

		Chrome Plated

		distance				HV				HRC

		from hard to soft side

		0				953.9				66.2

		0.003				953.9				66.2

		0.006				872.6				66.2

		0.008				907.7				67.1

		0.012				283.3				27.6

		0.017				276.5				26.6

		0.023				266.6				25.1

		0.028				257.9				23.6

		0.034				254.9				23.1

		0.063				255.5				23.2

		0.078				242.8				20.9

		0.098				244.4				21.2

		0.119				248.4				22

		0.152				250.7				22.4

		0.238				251.9				22.6

		0.259				249				22.1
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