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History of Part

The sample that has been submitted is a fatigue specimen that will be used for the development of the AISI fatigue database, iteration 73. The test specimen was prepared from a 41B17M (PS 19) boron containing steel grade. The sample has been through carburized by austenitizing at 1700F with a 0.9% carbon potential prior to quenching in 150F oil and then tempering at 350F to an aim hardness of 58-60 HRC.
Purpose
The purpose of this LTR is to evaluate the microstructure and hardness of the sample.

Mechanical Properties - 130589

Hardness - Rockwell (Performed By:  Jon Stache)

The surface hardness was 60.9, 61.1 and 61.1 HRC.

Hardness - Micro (Performed By:  Jon Stache)

	Depth
	HV
	HRC

	0.005"
	645
	57.6

	0.010"
	685
	59.5

	0.015"
	707
	60.4

	0.020"
	701
	60.2

	0.025"
	707
	60.4

	0.030"
	701
	60.2

	0.040"
	728
	61.3

	0.050"
	713
	60.7

	0.060"
	725
	61.2

	0.070"
	719
	60.9

	0.080"
	722
	61.1

	0.090"
	725
	61.2

	0.100"
	716
	60.8


*Note:  Readings taken in HV at 1000g load and converted to HRC.

Metallography - 130589

General Microstructure Description (Performed By:  Jon Stache)

The fatigue specimen iteration #73 was sectioned longitudinally thru the grip end and transversely thru the gage section.  The samples were prepared with standard lab procedures for sectioning, mounting, grinding, polishing and etched with 3% Nital.    Photomicrographs were taken using a Nikon Epiphot 200 microscope.  Image-Pro Plus software was used to estimate the case depth.

The microstructure at both locations consisted of martensite from surface to core at the gage area with a retained austenite from the surface to about halfway to the core (photos 1 thru 7).  The grip end had a high carbon containing martensite at the surface and tempered martensite at the core (photos 8 thru 14).  The gage section and grip section surfaces both had IGO (photos 15 and 16).  There were a number of copper colored inclusions throughout the sample (photos 17 and 18).  
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Photo 1:  Etched low magnification (100X) of the gage section surface.
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Photo 2:  Etched high magnification (500X) of the gage section surface.
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Photo 3:  Highly etched high magnification (500X) of the gage section surface.
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Photo 4:  Highly etched high magnification (500X) of the gage section at halfway to the core.
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Photo 5:  Etched low magnification (100X) of the gage section core.
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Photo 6:  Etched high magnification (500X) of the gage section core.
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Photo 7:  Highly etched high magnification (500X) of the gage section core.
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Photo 8:  Etched low magnification (100X) of the grip end surface.
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Photo 9:  Etched high magnification (500X) of the grip end surface.
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Photo 10:  Highly etched high magnification (500X) of the grip section surface.
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Photo 11:  Highly etched high magnification (500X) of the grip section at halfway to the core.

[image: image14.jpg]-\- g

N

fo *
Sl

&
P 4 >
ok Al

>4

BT ¢,
: ;r&'? »
'Q’B
b g
U
- -
T~

4





Photo 12:  Etched low magnification (100X) of the grip end core.
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Photo 13:  Etched high magnification (500X) of the grip end core.
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Photo 14:  Etched low magnification (15X) of the grip end surface.
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Photo 15:  Unetched high magnification (1000X) of the gage section surface.
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Photo 16:  Unetched high magnification (1000X) of the grip section surface.
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Photo 17:  Unetched high magnification (500X) of the grip section core.
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Photo 18:  Unetched high magnification (500X) of the grip section core.

Summary/Conclusion/Recommendations 
Based on this analysis, the following observations can be made:
· The gage section has been through hardened to a hardness that ranges from 58/61 HRC as compared to the desired aim of 58/62 HRC

· The microstructure through the gage section appears to be a uniform tempered martensite with approximately 10% retained austenite. 

· There is evidence of surface IGO to a depth of approximately 25 microns.

· Some widely dispersed titanium nitride precipitates were observed during the metallographic evaluation.






