NCSX Modular Coil Inner Leg Weld Requirements and Determination of Sm
Compendium of Information:

Weld Configuration:
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1.  Stelalloy and weld wire chemical composition

[image: image2.emf]
2.  Specified properties for Stelalloy and the weld wire (ref.  NCSX-CSPEC-101-03-14).
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3. Data on the actual casting  & weld material properties  


[image: image4.emf]updated 2/15/07

AVERAGES

Type C

Casting 

Compariso

n

Property Required C1  C2 C3 C4 C5 C6 Required C1  C2 C3 C4 C5 C6

Elastic 

Modulus

21 Msi             

(144.8 Gpa)

23.3 25.5 24.9 26.5 30.2 28.8 20 Msi             

(137.9 Gpa)

23.1 22.7 21.6 23.1 27.3 24.1

0.2% Yield 

Strength

72 ksi              

(496.4 Mpa)

98.4 93.2 97.1 97.8 102.5 99.5 34 ksi               

(234.4 Mpa)

35.1 36.6 38.3 37.4 38.8 44.5

Tensile 

Strength

95 ksi              

(655 Mpa)

170.3 163.8 163.1 164.8 170.9 159.9 78 ksi               

(537.8 Mpa)

83.7 82.4 82.7 83.1 87.0 83.7

Elongation 32.0% 55.7% 54.3% 55.7% 54.0% 42.4% 42.3% 36.0% 52.0% 53.5% 52.5% 55.7% 58.0% 40.3%

Charpy V – 

notch Energy

35 ft. lbs.         

(47.4 J)

77.7 84.3 99.7 86.7 80.3 85.3 50 ft-lbs           

(67.8 J)

142.0 150.7 157.3 175.7 139.0 152.3

Type A

Casting 

Compariso

n

Property Required A-1 A-2 A-3 A-4 A-5 A-6 Required A-1 A-2 A-3 A-4 A-5 A-6

Elastic 

Modulus

21 Msi             

(144.8 Gpa)

25.5 25.3 26.7 28.9 26.4 27.9 20 Msi             

(137.9 Gpa)

21.7 22.2 21.9 22.9 23.1 22.6

0.2% Yield 

Strength

72 ksi              

(496.4 Mpa)

97.3 99.9 98.9 100.0 101.0 103.2 34 ksi               

(234.4 Mpa)

36.6 43.3 43.2 43.8 42.4 44.5

Tensile 

Strength

95 ksi              

(655 Mpa)

166.3 165.3 166.0 165.9 165.2 163.0 78 ksi               

(537.8 Mpa)

82.4 83.7 82.6 84.6 82.2 89.2

Elongation 32.0% 56.0% 56.3% 51.0% 46.0% 48.7% 38.3% 36.0% 53.2% 56.0% 53.3% 50.3% 50.0% 49.0%

Charpy V – 

notch Energy

35 ft. lbs.         

(47.4 J)

78.7 79.0 87.3 76.7 70.3 73.0 50 ft-lbs           

(67.8 J)

163.7 164.0 158.0 150.3 146.3 126.7

Type B

Casting 

Compariso

n

Property Required B-1 B-2 B-3 B-4 B-5 B-6 Required B-1 B-2 B-3 B-4 B-5 B-6

Elastic 

Modulus

21 Msi             

(144.8 Gpa)

25.9 27.4 29.3 25.3 29.3 20 Msi             

(137.9 Gpa)

22.7 22.5 22.6 22.8 22.6

0.2% Yield 

Strength

72 ksi              

(496.4 Mpa)

98.7 103.9 107.4 100.2 107.4 34 ksi               

(234.4 Mpa)

43.3 58.9 42.7 42.6 42.7

Tensile 

Strength

95 ksi              

(655 Mpa)

164.9 177.5 172.5 166.1 177.5 78 ksi               

(537.8 Mpa)

86.0 86.6 84.1 85.6 84.1

Elongation 32.0% 46.3% 50.3% 56.3% 53.3% 56.3% 36.0% 47.3% 49.5% 44.7% 43.5% 44.7%

Charpy V – 

notch Energy

35 ft. lbs.         

(47.4 J)

88.0 63.7 74.7 65.7 74.7 50 ft-lbs           

(67.8 J)

146.7 135.7 115.0 119.7 115.0

Weld 

Material

Property Required Lincoln 

3018926/7

8309

 Lincoln 

Lot # 

3012668/8

2743

Lincoln 

3018513/7

8308  

 Lincoln 

Lot # 

3017006/7

2262

 Metrode 

Lot # 

WO21735

 Metrode 

Lot # 

WO19711

Required Lincoln 

3018926/7

8309  Doc 

#10

Lincoln 

Lot # 

3012668/8

2743  see 

previous 

info ->

Lincoln 

3018513/7

8308  

 Lincoln 

Lot # 

3017006/7

2262

Metrode 

Lot # 

WO21735

 Metrode 

Lot # 

WO19711

Previously 

Reported 

Heat/Lot # 

3012668/8

2743

Elastic 

Modulus

21 Msi             

(144.8 Gpa)

23.3 27.1               

Doc#9

27 23.2 24.3 26.4                     

Doc#9

20 Msi             

(137.9 Gpa)

24.5    

Doc 10

22.6 23.4 24.9 23 23.1                      

Doc#10

25.5                     

Doc#10

0.2% Yield 

Strength

72 ksi              

(496.4 Mpa)

114.3 126.3             

Doc#9

128.2 112.4 102.1 109.5                  

Doc#9

34 ksi               

(234.4 Mpa)

56.9    

Doc #10

57.4 65.2 54.9 54.8 63.9                       

Doc#10

56.5                

Doc#10

Tensile 

Strength

95 ksi              

(655 Mpa)

157.5 187.7                

Doc#9

182.1 176.4 166.6 166.9                   

Doc#9

78 ksi               

(537.8 Mpa)

93.9     

Doc #10

93.7 95.2 92.1 88.2 98.1                     

Doc#10

85                     

Doc#10

Elongation 32% 16.0% 33%              

Doc#9

34.0% 48.0% 38.0% 34%                

Doc#9

36.0% 42%     

Doc #10

41.5% 38.0% 42.5% 37.5% 54%                       

Doc#10

55%               

Doc#10

Charpy V – 

notch Energy

35 ft. lbs.         

(47.4 J)

36.33 51                

Doc#11

54 53 48 48                    

Doc#11

50 ft-lbs           

(67.8 J)

100     

Doc #10

98 103 117 93 111                 

Doc#12

102                 

Doc#12

77K (-320F) 293K (RT)

77K (-320F) 293K (RT)

77K (-320F) 293K (RT)

77K (-320F) 293K (RT)


4. Derivation of Sm:  Per the NCSX Structural Design Criteria, Sm shall be the lesser of 1/3 of the ultimate strength or 2/3 of the yield strength at temperature.  Since the weld region includes the Stelalloy casting,  weld metal, HAZ, and shims that will likely be made of 316-LN, the strength values shall be the lesser of these.
At this time, 316-LN for the shim material has not been finalized, so for the present we shall use  the lowest values between the Stellalloy and the weld material at 77K.  For the yield, this is 93.2 ksi for the C2 casting;  2/3 of yield =61.5 ksi.  The lowest ultimate strength is 157.5 for the weld wire;  1/3 of this =52.5, so this is what we shall use.  We’ll have to re-visit this after the shim material is determined.  

A “knock down” factor of 0.6 shall be applied to this, since it is a butt joint. Therefore, the Sm=0.6*52.5=31.5 ksi.  

Winding form (Stelalloy)





316-LN shim





TIG welds	
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Chemical

		updated 9/14/05  12:40 PM

		Type C

		Constituent		Min. %		Max. %		C-1 MTK Initial Results		C-1 WC Results		C-2 MTK Initial Results		C-2 WC Results		C-3 MTK Initial Results		C-3 WC Results		C-4 MTK Initial Results		C-4 WC Results		C-5 MTK Results		C-5 WC Results		C-6 MTK Results		C-6 WC Results

		C		0.04		0.07		0.06		0.06		0.06		0.07		0.04		0.06		0.04		0.04

		Mn		2.3		2.8		2.7		1.8		2.8		1.6		2.5		1.6		2.5		1.5

		Si		--		0.7		0.5		0.7		0.5		0.9		0.4		0.6		0.4		0.6

		Cr		18		18.5		18.1		18.3		18		18.2		18.2		18.3		18.2		17.8

		Ni		13		13.5		13.1		13.4		13.2		13.7		13.3		13.7		13.2		13.6

		Mo		2.1		2.5		2.2		2.4		2.3		2.2		2.3		2.4		2.2		2.4

		P		--		0.035		0.018		0.021		0.023		0.023		0.023		0.029		0.030		0.030

		S		--		0.025		0.014		0.014		0.018		0.014		0.013		0.009		0.013		0.012

		N		0.24		0.28		0.26		0.24		0.26		0.23		0.25		0.024		0.26		0.025

		Updated to Rev. 9

		Type A

		Constituent		Min. %		Max. %		A-1 Average		A-1 Re-Test Average		A-2 Average		A-3 Average		A-4 Average		A-5 Average		A-6 Average

		C		0.04		0.07		0.04		0.06

		Mn		2.3		2.8		2.4		1.6

		Si		--		0.5		0.4		0.6

		Cr		18		18.5		18.2		18.1

		Ni		13		13.5		13.3		13.7

		Mo		2.1		2.5		2.4		2.4

		P		--		0.015		0.022		0.027

		S		--		0.015		0.009		0.009

		N		0.24		0.28		0.28		0.25

		Type B

		Constituent		Min. %		Max. %		B-1		B-2		B-3		B-4		B-5		B-6

		C		0.04		0.07

		Mn		2.3		2.8

		Si		--		0.5

		Cr		18		18.5

		Ni		13		13.5

		Mo		2.1		2.5

		P		--		0.015

		S		--		0.015

		N		0.24		0.28

		Weld Filler Metal

		Constituent		Min. %		Max. %				Weld Material Metrode Lot # WO19711 **										* Updated using Lincoln certification values. 
** Not used on C-1 and may not have been used for MCWF's at all.

		C		--		0.03		0.02		0.02

		Mn		5.0		9.0		7.2		3.4

		Si		--		1.0		0.4		0.2

		Cr		19.0		22.0		19.6		17.7

		Ni		15.0		18.0		15.7		16.2

		Mo		2.5		4.5		2.7		2.8

		P		--		0.03		0.014		0.02

		S		--		0.02		0.003		0.002

		N		--		--		0.17		0.15

		Corrected to NCSXCSPEC-141-03-09 requirements



Roy B Sheppard:
Weld rod chemistries supplied by the manufacturer are typicals and a close match to the casting alloy itself.  Variances in some of the other elements exist such as Carbon min .04  tested .02, Chromium min 18% max 18.5%  tested 19.5 % & 17.7%, Nickel min 13% max 13.5% tested 15.1 & 16.2, Molybdenum min 2.1% max 2.5% tested 3% and 2.8% Phosphorus .015 max tested .03% and .02%,Sulfur .015 max tested .03, Nitrogen min .24% max .28%.

Roy B Sheppard:
Weld rod chemistries supplied by the manufacturer are typicals and a close match to the casting alloy itself.  Variances in some of the other elements exist such as Carbon min .04  tested .02, Chromium min 18% max 18.5%  tested 19.5 % & 17.7%, Nickel min 13% max 13.5% tested 15.1 & 16.2, Molybdenum min 2.1% max 2.5% tested 3% and 2.8% Phosphorus .015 max tested .03% and .02%,Sulfur .015 max tested .03, Nitrogen min .24% max .28%.



Mechanical 

		updated 2/15/07

		AVERAGES								Type C

		Casting Comparison		77K (-320F)														293K (RT)

		Property		Required		C1		C2		C3		C4		C5		C6		Required		C1		C2		C3		C4		C5		C6

		Elastic Modulus		21 Msi             (144.8 Gpa)		23.3		25.5		24.9		26.5		30.2		28.8		20 Msi             (137.9 Gpa)		23.1		22.7		21.6		23.1		27.3		24.1

		0.2% Yield Strength		72 ksi              (496.4 Mpa)		98.4		93.2		97.1		97.8		102.5		99.5		34 ksi               (234.4 Mpa)		35.1		36.6		38.3		37.4		38.8		44.5

		Tensile Strength		95 ksi              (655 Mpa)		170.3		163.8		163.1		164.8		170.9		159.9		78 ksi               (537.8 Mpa)		83.7		82.4		82.7		83.1		87.0		83.7

		Elongation		32.0%		55.7%		54.3%		55.7%		54.0%		42.4%		42.3%		36.0%		52.0%		53.5%		52.5%		55.7%		58.0%		40.3%

		Charpy V – notch Energy		35 ft. lbs.         (47.4 J)		77.7		84.3		99.7		86.7		80.3		85.3		50 ft-lbs           (67.8 J)		142.0		150.7		157.3		175.7		139.0		152.3

										Type A

		Casting Comparison		77K (-320F)														293K (RT)

		Property		Required		A-1		A-2		A-3		A-4		A-5		A-6		Required		A-1		A-2		A-3		A-4		A-5		A-6

		Elastic Modulus		21 Msi             (144.8 Gpa)		25.5		25.3		26.7		28.9		26.4		27.9		20 Msi             (137.9 Gpa)		21.7		22.2		21.9		22.9		23.1		22.6

		0.2% Yield Strength		72 ksi              (496.4 Mpa)		97.3		99.9		98.9		100.0		101.0		103.2		34 ksi               (234.4 Mpa)		36.6		43.3		43.2		43.8		42.4		44.5

		Tensile Strength		95 ksi              (655 Mpa)		166.3		165.3		166.0		165.9		165.2		163.0		78 ksi               (537.8 Mpa)		82.4		83.7		82.6		84.6		82.2		89.2

		Elongation		32.0%		56.0%		56.3%		51.0%		46.0%		48.7%		38.3%		36.0%		53.2%		56.0%		53.3%		50.3%		50.0%		49.0%

		Charpy V – notch Energy		35 ft. lbs.         (47.4 J)		78.7		79.0		87.3		76.7		70.3		73.0		50 ft-lbs           (67.8 J)		163.7		164.0		158.0		150.3		146.3		126.7

										Type B

		Casting Comparison		77K (-320F)														293K (RT)

		Property		Required		B-1		B-2		B-3		B-4		B-5		B-6		Required		B-1		B-2		B-3		B-4		B-5		B-6

		Elastic Modulus		21 Msi             (144.8 Gpa)		25.9		27.4		29.3		25.3		29.3				20 Msi             (137.9 Gpa)		22.7		22.5		22.6		22.8		22.6

		0.2% Yield Strength		72 ksi              (496.4 Mpa)		98.7		103.9		107.4		100.2		107.4				34 ksi               (234.4 Mpa)		43.3		58.9		42.7		42.6		42.7

		Tensile Strength		95 ksi              (655 Mpa)		164.9		177.5		172.5		166.1		177.5				78 ksi               (537.8 Mpa)		86.0		86.6		84.1		85.6		84.1

		Elongation		32.0%		46.3%		50.3%		56.3%		53.3%		56.3%				36.0%		47.3%		49.5%		44.7%		43.5%		44.7%

		Charpy V – notch Energy		35 ft. lbs.         (47.4 J)		88.0		63.7		74.7		65.7		74.7				50 ft-lbs           (67.8 J)		146.7		135.7		115.0		119.7		115.0

		Weld Material		77K (-320F)														293K (RT)

		Property		Required		Lincoln 3018926/78309		Lincoln Lot # 3012668/82743		Lincoln 3018513/78308		Lincoln Lot # 3017006/72262		Metrode Lot # WO21735		Metrode Lot # WO19711		Required		Lincoln 3018926/78309  Doc #10				Lincoln 3018513/78308		Lincoln Lot # 3017006/72262		Metrode Lot # WO21735		Metrode Lot # WO19711		Previously Reported Heat/Lot # 3012668/82743

		Elastic Modulus		21 Msi             (144.8 Gpa)		23.3		27.1               Doc#9		27		23.2		24.3		26.4                     Doc#9		20 Msi             (137.9 Gpa)		24.5    Doc 10		22.6		23.4		24.9		23		23.1                      Doc#10		25.5                     Doc#10

		0.2% Yield Strength		72 ksi              (496.4 Mpa)		114.3		126.3             Doc#9		128.2		112.4		102.1		109.5                  Doc#9		34 ksi               (234.4 Mpa)		56.9    Doc #10		57.4		65.2		54.9		54.8		63.9                       Doc#10		56.5                Doc#10

		Tensile Strength		95 ksi              (655 Mpa)		157.5		187.7                Doc#9		182.1		176.4		166.6		166.9                   Doc#9		78 ksi               (537.8 Mpa)		93.9     Doc #10		93.7		95.2		92.1		88.2		98.1                     Doc#10		85                     Doc#10

		Elongation		32%		16.0%		33%              Doc#9		34.0%		48.0%		38.0%		34%                Doc#9		36.0%		42%     Doc #10		41.5%		38.0%		42.5%		37.5%		54%                       Doc#10		55%               Doc#10

		Charpy V – notch Energy		35 ft. lbs.         (47.4 J)		36.33		51                Doc#11		54		53		48		48                    Doc#11		50 ft-lbs           (67.8 J)		100     Doc #10		98		103		117		93		111                 Doc#12		102                 Doc#12





Weld Repairs

																		MetalTek				MTM

																		Total		Major		Total		Major

																C-1		329		96






