February 22, 2207
To: Distribution

From: Wayne Reiersen

Subject:  Stellalloy properties

The purpose of this memo is to document Stellalloy properties from EIO (E, Sy, Su, elongation, and Charpy v-notch compiled by Frank Malinowski) and from measurements taken at PPPL (CTE from Ed Bush and Geoff Gettelfinger).  The results are interesting and merit contemplation.

Stellalloy mechanical properties are shown in Table 1.  Bar charts by coil are provided for each of the properties in Figure 2 through Figure 6.  The results are largely encouraging.  In all cases, the required minimum values were exceeded.  The room temperature yield strength properties ranged from 22-27 ksi, all exceeding the required value of 20 ksi.  The 77K yield strength values ranged from 93-104 ksi, far exceeding the required minimum value of 72 ksi.  Likewise, the 77K tensile strength ranged from 160-173 ksi, exceeding the required minimum value by even larger margins.  We should review our design margins at operating temperature in light of the favorable mechanical properties from the test data.
Table 1 - Stellalloy mechanical properties

[image: image1.emf]Required Avg Min Max SD Required Avg Min Max SD

Elastic Modulus (Msi) 21 27 23 30 2 20 23 22 27 2

0.2% Yield Strength (ksi) 72 99 93 104 3 34 40 35 44 3

Tensile Strength (ksi) 95 166 160 173 3 78 83 82 87 1

Elongation (%) 32% 50% 38% 56% 6% 36% 52% 40% 58% 5%

Charpy V – Notch Energy (ft-lbs) 35 81 64 100 9 50 154 139 176 11

77K RT


What is striking is the variation seen in some instances.  For instance, the elastic modulus varied from 23-27 Msi at RT and from 23-30 Msi at 77K.  The range is one-quarter (25%) of the average!  I sure hope this does not introduce substantial field errors due lack of stellarator symmetry in coil deflections.
Yield strength varied from 35-44 ksi at RT and from 99-104 ksi at 77K.  Curiously, there seems to be a strong secular trend in yield strength based on the order in which the castings were produced, as shown in Figure 1.

Figure 1 - Yield strength versus production order
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The data is even more puzzling for the coefficient of thermal expansion (CTE) for Stellalloy.  Up until recently, we only had data for the alloy used in the JP Pattern (JPP) casting.  (See reference material at end of document).  The data (ref. Table 2) showed a strain of approximately -3000  upon cooldown from RT to 77K which is close (within 10%) to the expected value of -2760  for SS316LN.  Ed Bush was asked to measure the CTE on some Stellalloy pieces we had here at PPPL.  He measured a cutoff that was approximately 12 inches long (Bush-12 in Table 2).  The strain was -2583  which is also close to the published value for SS316LN.  However, he also measured two smaller coupons that were 3 inches long (Bush-3a and Bush-3b in Table 2) and less than 1 inch wide.  For the 3 inch measurements, the strain ranged from -3570  .  For the 1 inch measurements, the strain ranged from -3250  .  Discounting the 1 inch measurement due to the small dimension, the strains measured on the 3 inch coupons are 40% higher than the strains measured on the 12-inch article. 
Table 2 - Stellalloy CTE data

[image: image3.emf]JPP-1 JPP-2 SS316LN

a

Bush-12 Gettelfinger-12 Gettelfinger-3

L at RT in 5.834 5.832 12.001 11.998 2.94 0.946 2.801 0.923 2.797

L at 77K in 5.816 5.815 11.970 11.964 2.929 0.941 2.791 0.920 2.786

dL/L

me

-3085.4 -2915 -2760 -2583 -2834 -3741 -5285 -3570 -3250 -3933

a

 ITER material property data

JP Pattern Alloy MetalTek Stellalloy

Bush-3a Bush-3b


Clearly, there must have been a measurement error so Gettelfinger went back and measured the 12 inch article and one of the 3 inch coupons.  Lo and behold, the answer came back the same.  The 3 inch coupon appears to have a CTE that is 40% higher than for the 12 inch article.  For now, I would propose using the ITER SS316LN value of -2760  which is in between the Bush and Gettelfinger values for the 12 in article.  However, the wild disparities among the measured Stellalloy values are disturbing.
Cc: Gettelfinger, Heitzenroeder, Brooks, Fan, Dudek, Nelson, Cole, Williamson, Freudenberg
Figure 2 - Elastic Modulus

[image: image4.emf]Elastic Modulus (Msi)
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Figure 3 - Yield Strength
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Figure 4 - Tensile strength
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Figure 5 - Elongation
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Figure 6 - Charpy V-notch energy
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Table 3 - MCWF castings compiled data


[image: image9]
Table 4 - MCWF weld material compiled data


[image: image10]
Reference Material

JPP CTE data
[image: image11.wmf]From:

 Tom Kozub

Sent:

 Monday, March 08, 2004 11:38 AM

To:

 Phil Heitzenroeder

Cc:

 James H. Chrzanowski

Subject:

 Cast Stainless Shrink Test

Phil, 

The data for the cast stainless steel sample cryo shrink test performed 04-MAR-2004:

(Three temperature/measurement cycles for each sample)

Sample      Length @ 28C        Length @ -196C 

JPP-1          5.834"                   5.816", 5.816", 5.816"

JPP-2          5.832"                   5.815", 5.815", 5.815"

Tom


Original stellalloy CTE measurements (Bush)
[image: image12.wmf]Sent: Friday, February 09, 2007 12:42 PM

 

To: Michael E. Viola

 

Cc: John W. Edwards

 

Subject: Dimensions for Stellalloy samples

 

 

Mike,

 

Here are the dimensions you requested

 

 

 

 

 

X Dim

.

 

Y Dim.

 

Coupon marked Z2

 

2.801"

 

.923"

 

at room temperature

 

 

 

 

2.791"

 

.920"

 

after 3 minutes in liquid nitrogen

 

 

Coupon marked ZC

 

2.940"

 

.946"

 

at room temperature

 

 

 

 

2.929"

 

.941

 

after 3 minutes in liquid nitrogen

 

 

Cylinder

 

  

 

12.001"

 

at room temperature

 

 

 

 

11.970"

 

after 24 minutes in liquid nitrogen

 

 

The samples are located in the NBPC Area at D

-

Site.  If you would like them located to a 

different, just let me know.

 

Page me at %231 if there are any questions

 

 

E

d Bush

 


Repeated Stellalloy CTE measurements (Gettelfinger)
[image: image13.wmf]From: Geoffrey J. Gettelfinger

 

Sent: Wednesday, February 21, 2007 4:19 PM

 

To: Wayne T. Reiersen; David E. Williamson; Mike Cole; Lawrence E.

 

Dudek; Michael E. Viola

 

Subject: CTE end points

 

 

Several pieces of Stellaloy sprue and runner scrap had previously 

been prepped for CTE 

measurements.  These elements were again tested for changes in size consequent of 

immersion in liquid nitrogen.

 

 

*3 inch block*

 

Width warm: 2.797"

 

Width cold after 50 minutes of immersion in LN2 with subsequent boil

-

down for a "dry" 

me

asurement in cold gas: 2.786"

 

DeltaLoverL=3930E

-

6

 

 

*12 inch sprue*

 

Length warm: 11.998"

 

Length cold after 50 minutes of immersion in LN2 with subsequent boil

-

down for a "dry" 

measurement in cold gas: 11.964"

 

DeltaLoverL=2830E

-

6
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AVERAGES

Type C

Casting 

Comparison

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

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

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

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

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%

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

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

20 Msi             

(137.9 Gpa)

22.7

22.5

0.2% Yield 

Strength

72 ksi              

(496.4 Mpa)

98.7

103.9

34 ksi               

(234.4 Mpa)

43.3

58.9

Tensile 

Strength

95 ksi              

(655 Mpa)

164.9

172.5

78 ksi               

(537.8 Mpa)

86.0

86.6

Elongation

32.0%

46.3%

50.3%

36.0%

47.3%

49.5%

Charpy V – 

notch Energy

35 ft. lbs.         

(47.4 J)

88.0

63.7

50 ft-lbs           

(67.8 J)

146.7

135.7

77K (-320F)

293K (RT)

77K (-320F)

293K (RT)

77K (-320F)

293K (RT)

[image: image15.wmf]Weld 

Material

Property

Required

Lincoln 

3018926/78

309

 Lincoln 

Lot # 

3012668/82

743

Lincoln 

3018513/78

308  

 Lincoln 

Lot # 

3017006/72

262

 Metrode 

Lot # 

WO21735

 Metrode 

Lot # 

WO19711

Required

Lincoln 

3018926/78

309  Doc 

#10

Lincoln 

Lot # 

3012668/82

743 

 

see 

previous 

info ->

Lincoln 

3018513/78

308  

 Lincoln 

Lot # 

3017006/72

262

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

77K (-320F)

293K (RT)

