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	:
	2015-0134
	PART NO.
	:
	N/A

	PART NAME
	:
	AISI TENSILE BARS
	PRINT REV.
	:
	N/A

	REP. TITLE
	:
	TENSILE BARS – AISI
	MODEL
	:
	N/A

	MARKINGS
	:
	20MnCr5, 4320, 8620, 8620 DANA, 9310
	HEAT CODE
	:
	136

	MATERIAL
	:
	20MnCr5, 4320, 8620, 9310
	MFG. DATE
	:
	N/A

	VENDOR
	:
	N/A
	SAMP. REQ.
	:
	N/A

	CUSTOMER
	:
	N/A
	VIN
	:
	N/A

	TAR NO.
	:
	N/A
	MAR NO.
	:
	SR-15105

	TEST ENG. 
	:
	N/A
	REC’D DATE
	:
	2/13/15

	REQ. BY
	:
	MIKE FOLLIS
	REP. DATE
	:
	2/18/15

	REP. BY
	:
	KYLE BUENTE
	NO. OF PAGES
	:
	16

	ADD. COMMENTS
	:
	RECIPE #136 RELATED TO CARBON BAR 2250



	COPIES
	:
	GREG FETT, DANA COMBS, MIKE FOLLIS



	REQUEST
	:
	On AISi and Dana through carburized bars check surface and core hardness on grip diameter. run traverse across grip and necked down area along with microstructure analysis.



	REASON
	:
	hardness was reportedly low when checked at the university of waterloo on the grip ends.



	RESULTS
	:



VISUAL INSPECTION

A TOTAL OF FIVE TEST BARS WERE RECEIVED. EACH SAMPLES MARKED RESPECTIVELY WITH THEIR MATERIAL COMPOSITION. ALL BARS ARE THE SAME SIZE, SHAPE, AND SURFACE FINISH.

SURFACE HARDNESS                                                                                                                  		    ASTM E18-14

SURFACE HARDNESS TAKEN AS DIRECT ROCKWELL INDENTATION ON THE SAMPLES IN HRC AND HR15N ON THE TENSILE BAR GRIPS.


	SAMPLE
	HARDNESS
	SPECIFICATION

	20MnCr5
	HRC
	59
	57
	58
	57 MIN

	
	HR15N
	89
	91
	90
	89 MIN

	4320
	HRC
	59
	59
	58
	57 MIN

	
	HR15N
	89
	90
	91
	89 MIN

	8620
	HRC
	59
	60
	60
	57 MIN

	
	HR15N
	91
	88*
	91
	89 MIN

	8620 DANA
	HRC
	58
	61
	60
	57 MIN

	
	HR15N
	89
	88*
	89
	89 MIN

	9310
	HRC
	55*
	56
	56
	56 MIN

	
	HR15N
	89
	88
	89
	88 MIN


* BELOW SPECIFICATION


MICRO-HARDNESS										              ASTM E384-11 

HARDNESS READINGS WERE DONE USING A 500G LOAD REPORTED IN VICKERS AND THEN CONVERTED TO HRC

	DISTANCE BELOW
SURFACE
(inches)
	LARGE DIAMETER

	
	20MnCr5
	4320
	8620
	DANA 8620
	9310

	0.002
	60.3
	59.8
	61.4
	61.8
	58.3

	0.004
	60.9
	60.7
	61.8
	61.2
	57.2

	0.006
	62.0
	60.9
	61.4
	62.0
	57.9

	0.008
	61.4
	61.2
	62.0
	61.4
	58.5

	0.010
	61.6
	60.7
	61.8
	62.0
	58.3

	0.015
	61.5
	61.4
	62.0
	61.8
	59.6

	0.020
	61.0
	60.0
	62.2
	61.8
	58.5

	0.025
	60.9
	60.5
	62.2
	61.6
	59.6

	0.030
	60.5
	60.7
	61.5
	62.0
	58.8

	0.035
	60.0
	60.5
	61.6
	61.4
	58.1

	0.040
	59.8
	60.5
	61.6
	61.4
	58.8

	0.045
	59.4
	59.8
	61.4
	60.7
	57.9

	0.050
	59.0
	60.3
	61.4
	60.5
	58.1

	0.060
	58.3
	59.2
	61.2
	60.3
	56.6

	0.070
	57.2
	58.5
	59.6
	59.6
	55.4

	0.080
	56.3
	57.4
	59.0
	58.8
	53.7

	0.090
	54.3
	56.6
	57.9
	57.9
	51.8

	0.100
	53.7
	55.0
	56.8
	55.9
	50.2

	0.120
	50.5
	51.8
	52.6
	52.6
	46.9

	0.140
	47.2
	48.4
	50.5
	50.7
	43.2

	0.160
	46.6
	46.6
	48.4
	47.2
	41.7

	0.180
	46.6
	44.3
	47.7
	47.7
	40.8

	0.200
	46.6
	44.7
	46.6
	46.0
	40.8

	0.220
	45.3
	44.1
	46.4
	46.9
	39.9

	0.240
	46.2
	43.8
	45.8
	45.5
	39.9

	0.260
	47.5
	44.5
	46.4
	44.9
	39.9




	DISTANCE BELOW
SURFACE
(inches)
	SMALL DIAMETER

	
	20MnCr5
	4320
	8620
	DANA 8620
	9310

	0.002
	60.9
	60.0
	62.0
	61.4
	58.3

	0.004
	61.5
	61.2
	62.0
	62.0
	58.5

	0.006
	62.2
	61.8
	62.2
	62.0
	59.2

	0.008
	61.4
	60.5
	62.4
	62.2
	58.8

	0.010
	61.6
	60.5
	62.4
	62.0
	58.8

	0.015
	61.5
	61.2
	62.0
	61.6
	58.5

	0.020
	62.4
	61.2
	61.8
	62.2
	60.3

	0.025
	61.4
	61.4
	62.7
	62.0
	60.0

	0.030
	62.0
	60.9
	62.2
	61.8
	58.3

	0.035
	61.4
	60.9
	62.2
	61.2
	59.6

	0.040
	62.2
	61.8
	62.0
	62.0
	59.2

	0.045
	61.2
	61.8
	62.2
	62.0
	59.2

	0.050
	61.8
	61.4
	62.4
	62.0
	58.5

	0.060
	61.8
	61.2
	61.6
	62.4
	59.0

	0.070
	61.6
	61.4
	63.1
	62.4
	58.1

	0.080
	61.8
	60.5
	62.2
	63.1
	58.5

	0.090
	61.5
	60.5
	62.0
	62.2
	58.3

	0.100
	62.4
	60.5
	62.0
	61.8
	59.0














CORE HARDNESS									                               ASTM E18-14

CORE HARDNESS TAKEN AS DIRECT HRC ON MOUNTED TRAVERSE CROSS SECTIONS OF THE TENSILE BAR GRIPS. 

	SAMPLE
	HARDNESS (HRC)

	20MnCr5
	46
	46

	4320
	43
	43

	8620
	45
	46

	8620 DANA
	45
	45

	9310
	40
	40




MICROSTRUCTURE

FOR EACH SAMPLE THE GRIP CASE MICROSTRUCTURE CONSISTS OF TEMPERED MARTENSITE. THE CORE
CONSISTS OF TEMPERED MARTENSITE AND TRANSFORMATION PRODUCTS. THE SURFACE OF EACH SAMPLE HAS
PITTING FROM THE VACUUM GAS CARBURIZING PROCESS.

THE SMALL DIAMETER SECTION IS THROUGH HARDENED CONSISTING OF TEMPERED MARTENSITE AND TRACES OF
RETAINED AUSTENITE. 

OTHER CHARACTERISTICS SPECIFIC TO EACH MATERIAL CAN BE FOUND BELOW
	20MnCr5
	:
	
THE SMALL DIAMETER ALSO HAS A SUBSURFACE CRACK ALONG THE GRAIN BOUNDARIES AND A CRACK IN THE LARGE DIAMETER AREA ALONG GRAIN BOUNDARIES FROM STRESS DUE TO THE CUTTING PROCESS. GRAIN GROWTH WAS ALSO NOTED.


	9310/8620
	:
	GRAIN GROWTH IS EVIDENT IN BOTH THE LARGE AND SMALL DIAMETER.

	8620 DANA
	:
	
A SUBSURFACE CRACK WAS FOUND IN THE LARGE DIAMETER AND GRAIN GROWTH CAN BE SEEN IN BOTH SMALL AND LARGE DIAMETERS




CONCLUSION

THE AISI TEST BARS ARE CONSISTENTLY HARD THROUGHOUT THE TESTING DIAMETER WITH TEMPERED MARTENSITE THROUGHOUT THE MICROSTRUCTURE. THE 9310 BARS ARE 58-60 HRC WHILE THE OTHER STEELS ARE 60-63 HRC. THE GRIP AREA OR LARGE DIAMETER HAS AN EFFECTIVE CASE DEPTH OF 0.100” – 0.140” DEPENDING ON THE STEEL GRADE. ABNORMAL GRAIN GROWTH OR DUPLEX GRAIN GROWTH WAS NOTED ON ALL GRADES EXCEPT THE 4320. PITTING OCCURRED AT THE SURFACE OF THE BARS FROM THE VACUUM GAS CARBURIZING PROCESS.

IT APPEARS THERE ARE SOME QUESTIONABLE READINGS WHEN THE HARDNESS IS MEASURED ON THE SURFACE AT THE GRIP ENDS. THIS IS MOST LIKELY A RESULT OF THE SMALL BAR SIZE AND PROPER SEATING OF THE SAMPLE.
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	FIGURE 1: 5 AISI TEST BARS AS RECEIVED
	FIGURE 2: TEST BAR GEOMETRY AND SECTIONS MADE 
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	FIGURE 3: 20MnCr5 GRIP CASE MICROSTRUCTURE 25X 
	FIGURE 4: 20MnCr5 GRIP CASE MICROSTRUCTURE 100X
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	FIGURE 5: 20MnCr5 GRIP CASE MICROSTRUCTURE 500X
	FIGURE 6: 20MnCr5 GRIP CORE MICROSTRUCTURE 100X
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	FIGURE 7: 20MnCr5 GRIP CORE MICROSTRUCTURE 500X
	FIGURE 8: 20MnCr5 CASE MICROSTRUCTURE 25X
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	FIGURE 9: 20MnCr5 CASE MICROSTRUCTURE 100X
	FIGURE 10: 20MnCr5 CASE MICROSTRUCTURE 500X
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	FIGURE 11: 20MnCr5 SUBSURFACE CRACK 100X
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	FIGURE 12: 4320 GRIP CASE MICROSTRUCTURE 25X 
	FIGURE 13: 4320 GRIP CASE MICROSTRUCTURE 100X
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	FIGURE 14: 4320 GRIP CASE MICROSTRUCTURE 500X
	FIGURE 15: 4320 GRIP CORE MICROSTRUCTURE 100X
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	FIGURE 16: 4320 GRIP CORE MICROSTRUCTURE 500X
	FIGURE 17: 4320 CASE MICROSTRUCTURE 25X
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	FIGURE 18: 4320 CASE MICROSTRUCTURE 100X
	FIGURE 19: 4320 CASE MICROSTRUCTURE 500X
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	FIGURE 20: 8620 GRIP CASE MICROSTRUCTURE 25X 
	FIGURE 21: 8620 GRIP CASE MICROSTRUCTURE 100X
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	FIGURE 22: 8620 GRIP CASE MICROSTRUCTURE 500X
	FIGURE 23: 8620 GRIP CORE MICROSTRUCTURE 100X
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	FIGURE 24: 8620 GRIP CORE MICROSTRUCTURE 500X
	FIGURE 25: 8620 CASE MICROSTRUCTURE 25X
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	FIGURE 26: 8620 CASE MICROSTRUCTURE 100X
	FIGURE 27: 8620 CASE MICROSTRUCTURE 500X
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	FIGURE 28: 8620 DANA GRIP CASE MICROSTRUCTURE 25X 
	FIGURE 29: 8620 DANA GRIP CASE MICROSTRUCTURE 100X
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	FIGURE 30: 8620 DANA GRIP CASE MICROSTRUCTURE 500X
	FIGURE 31: 8620 DANA GRIP CORE MICROSTRUCTURE 100X
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	FIGURE 32: 8620 DANA GRIP CORE MICROSTRUCTURE 500X
	FIGURE 33: 8620 DANA CASE MICROSTRUCTURE 25X
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	FIGURE 34: 8620 DANA CASE MICROSTRUCTURE 100X
	FIGURE 35: 8620 DANA CASE MICROSTRUCTURE 500X
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	FIGURE 36: 8620 DANA SUBSURFACE CRACK 50X
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	FIGURE 37: 9310 GRIP CASE MICROSTRUCTURE 25X 
	FIGURE 38: 9310 GRIP CASE MICROSTRUCTURE 100X
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	FIGURE 39: 9310 GRIP CASE MICROSTRUCTURE 500X
	FIGURE 40: 9310 GRIP CORE MICROSTRUCTURE 100X
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	FIGURE 41: 9310 GRIP CORE MICROSTRUCTURE 500X
	FIGURE 42: 9310 CASE MICROSTRUCTURE 25X
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	FIGURE 43: 9310 CASE MICROSTRUCTURE 100X
	FIGURE 44: 9310 CASE MICROSTRUCTURE 500X



LARGE DIAMETER

20MnCr5	2E-3	4.0000000000000001E-3	6.0000000000000001E-3	8.0000000000000002E-3	0.01	1.4999999999999999E-2	0.02	2.5000000000000001E-2	0.03	3.5000000000000003E-2	0.04	4.4999999999999998E-2	0.05	0.06	7.0000000000000007E-2	0.08	0.09	0.1	0.12	0.14000000000000001	0.16	0.18	0.2	0.22	0.24	0.26	60.3	60.9	62	61.4	61.6	61.5	61	60.9	60.5	60	59.8	59.4	59	58.3	57.2	56.3	54.3	53.7	50.5	47.2	46.6	46.6	46.6	45.3	46.2	47.5	4320	2E-3	4.0000000000000001E-3	6.0000000000000001E-3	8.0000000000000002E-3	0.01	1.4999999999999999E-2	0.02	2.5000000000000001E-2	0.03	3.5000000000000003E-2	0.04	4.4999999999999998E-2	0.05	0.06	7.0000000000000007E-2	0.08	0.09	0.1	0.12	0.14000000000000001	0.16	0.18	0.2	0.22	0.24	0.26	59.8	60.7	60.9	61.2	60.7	61.4	60	60.5	60.7	60.5	60.5	59.8	60.3	59.2	58.5	57.4	56.6	55	51.8	48.4	46.6	44.3	44.7	44.1	43.8	44.5	8620	2E-3	4.0000000000000001E-3	6.0000000000000001E-3	8.0000000000000002E-3	0.01	1.4999999999999999E-2	0.02	2.5000000000000001E-2	0.03	3.5000000000000003E-2	0.04	4.4999999999999998E-2	0.05	0.06	7.0000000000000007E-2	0.08	0.09	0.1	0.12	0.14000000000000001	0.16	0.18	0.2	0.22	0.24	0.26	61.4	61.8	61.4	62	61.8	62	62.2	62.2	61.5	61.6	61.6	61.4	61.4	61.2	59.6	59	57.9	56.8	52.6	50.5	48.4	47.7	46.6	46.4	45.8	46.4	DANA 8620	2E-3	4.0000000000000001E-3	6.0000000000000001E-3	8.0000000000000002E-3	0.01	1.4999999999999999E-2	0.02	2.5000000000000001E-2	0.03	3.5000000000000003E-2	0.04	4.4999999999999998E-2	0.05	0.06	7.0000000000000007E-2	0.08	0.09	0.1	0.12	0.14000000000000001	0.16	0.18	0.2	0.22	0.24	0.26	61.8	61.2	62	61.4	62	61.8	61.8	61.6	62	61.4	61.4	60.7	60.5	60.3	59.6	58.8	57.9	55.9	52.6	50.7	47.2	47.7	46	46.9	45.5	44.9	9310	2E-3	4.0000000000000001E-3	6.0000000000000001E-3	8.0000000000000002E-3	0.01	1.4999999999999999E-2	0.02	2.5000000000000001E-2	0.03	3.5000000000000003E-2	0.04	4.4999999999999998E-2	0.05	0.06	7.0000000000000007E-2	0.08	0.09	0.1	0.12	0.14000000000000001	0.16	0.18	0.2	0.22	0.24	0.26	58.3	57.2	57.9	58.5	58.3	59.6	58.5	59.6	58.8	58.1	58.8	57.9	58.1	56.6	55.4	53.7	51.8	50.2	46.9	43.2	41.7	40.799999999999997	40.799999999999997	39.9	39.9	39.9	DEPTH (INCHES)


HARDNESS (HRC)




SMALL DIAMETER

20MnCr5	2E-3	4.0000000000000001E-3	6.0000000000000001E-3	8.0000000000000002E-3	0.01	1.4999999999999999E-2	0.02	2.5000000000000001E-2	0.03	3.5000000000000003E-2	0.04	4.4999999999999998E-2	0.05	0.06	7.0000000000000007E-2	0.08	0.09	0.1	60.9	61.5	62.2	61.4	61.6	61.5	62.4	61.4	62	61.4	62.2	61.2	61.8	61.8	61.6	61.8	61.5	62.4	4320	2E-3	4.0000000000000001E-3	6.0000000000000001E-3	8.0000000000000002E-3	0.01	1.4999999999999999E-2	0.02	2.5000000000000001E-2	0.03	3.5000000000000003E-2	0.04	4.4999999999999998E-2	0.05	0.06	7.0000000000000007E-2	0.08	0.09	0.1	60	61.2	61.8	60.5	60.5	61.2	61.2	61.4	60.9	60.9	61.8	61.8	61.4	61.2	61.4	60.5	60.5	60.5	8620	2E-3	4.0000000000000001E-3	6.0000000000000001E-3	8.0000000000000002E-3	0.01	1.4999999999999999E-2	0.02	2.5000000000000001E-2	0.03	3.5000000000000003E-2	0.04	4.4999999999999998E-2	0.05	0.06	7.0000000000000007E-2	0.08	0.09	0.1	62	62	62.2	62.4	62.4	62	61.8	62.7	62.2	62.2	62	62.2	62.4	61.6	63.1	62.2	62	62	DANA 8620	2E-3	4.0000000000000001E-3	6.0000000000000001E-3	8.0000000000000002E-3	0.01	1.4999999999999999E-2	0.02	2.5000000000000001E-2	0.03	3.5000000000000003E-2	0.04	4.4999999999999998E-2	0.05	0.06	7.0000000000000007E-2	0.08	0.09	0.1	61.4	62	62	62.2	62	61.6	62.2	62	61.8	61.2	62	62	62	62.4	62.4	63.1	62.2	61.8	9310	2E-3	4.0000000000000001E-3	6.0000000000000001E-3	8.0000000000000002E-3	0.01	1.4999999999999999E-2	0.02	2.5000000000000001E-2	0.03	3.5000000000000003E-2	0.04	4.4999999999999998E-2	0.05	0.06	7.0000000000000007E-2	0.08	0.09	0.1	58.3	58.5	59.2	58.8	58.8	58.5	60.3	60	58.3	59.6	59.2	59.2	58.5	59	58.1	58.5	58.3	59	DEPTH (INCHES)


HARDNESS (HRC)




PAGE 1 OF 16


PAGE 16 OF 16
image1.png




image2.png




image3.jpeg




image4.jpeg




image5.jpeg




image6.jpeg




image7.jpeg
e |
0.050 mm




image8.jpeg
| T T R

0.750 mm





image9.jpeg
(¥ :




image10.jpeg




image11.jpeg




image12.jpeg




image13.jpeg




image14.jpeg




image15.jpeg




image16.jpeg
AW © 0050 mm




image17.jpeg




image18.jpeg




image19.jpeg




image20.jpeg




image21.jpeg
‘.

Yo





image22.jpeg
0.050 mm





image23.jpeg




image24.jpeg




image25.jpeg




image26.jpeg




image27.jpeg




image28.jpeg




image29.jpeg




image30.jpeg




image31.jpeg




image32.jpeg




image33.jpeg




image34.jpeg




image35.jpeg




image36.jpeg




image37.jpeg




image38.jpeg




image39.jpeg




image40.jpeg




image41.jpeg




image42.jpeg




image43.jpeg




image44.jpeg
—

0.050 mm





image45.jpeg
lana>




