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A-6 Documentation Package  
 

List of Documents 11-06-06 
 

Doc # Description Page # 
1 MTR for weighted average of chemistry – 3 ladles replaced by product 

analysis after PM incl MTR from Wisconsin Centrifugal 
5 

2 MTR for A-6 Shim   
3 Lincoln weld metal product conformance spec Lot 3018513/78308  
4 St Louis Test Lab dated 8/16/05 mech test results at RT & CVN @ 293°k 

for Lincoln lot 3018513/78308 
 

5 St Louis Test Lab dated 10/5/05 CVN @ -320ºF for Lincoln weld lot 
3018513/78308 

 

6 Westmoreland mechanical test @ -320°F dated 10/18/05 Lincoln Lot 
3018513/78308 

 

7 Westmoreland Tensile test report @ -320°F dated   
8 St Louis Test Lab dated  – incl. tensile test results @ room temp & Charpy 

V Notch (CVN) at 77°K & 293°K 
 

9 Weld map  
10 MQS Radiographic Inspection Report dated   
11 MQS Radiographic Inspection Report dated   
12 MTK Radiographic Interpretation Report dated  
13 MTK Radiographic Shooting Sketch for A coils  
14 MTK Radiographic Interpretation Report A-6 Shim  
15 A-6 Coil heat treat chart dated   
16 A-6 Coil stress relief dated  
17 A-6 Shim heat treat chart dated   
18 MTK signed MTS A-6 Coil  
19 MTK signed MTS A-6 Coil shim  
20 CA 1308 – shim chemistry out of spec  
21 CA 1323 – phosphorus level exceeds specification – applies to shim only  
22 CA 1347 – Thin wall condition on A castings  
23 CA 1671 – Failed tensile test + update  
24 Final inspection report A-6 coil –   
25 C of C for A-6 Coil – dated –   
26 Final Inspection report A-6 Shim –   
27 C of C for A-6 shim –   
28 EIO shipping release for A-6 Coil  -   

11/06/06   
  

 

































A-6 Coil Weld Map – Metal Tek 
2Map of all major welds exceeding 20% of wall, over 1 inch or over 10  inches 

 
Defect 

Number 
Drawing 

View 
Length 
(inches) 

Width 
(inches) 

Depth 
(inches) 

1 Left 5 ½ 4 2 ½ 
2 Top 3 3 1 ½ 
3 Back 10 3 2 ¾ 
4 Back 8 2 ¾ 2 ¾ 
5 Back 8 4 1 
6 Left 2 2 1 ½ 
7 Right 9 4 Thru 
8 Right 5 ½ 2 1 ¼ 
9 Right 7 ½ 5 ¼ ⅞ 
10 Right 18 4 ½ Thru 
11 Right 9 ½ 4 ¾ 
12 Top 7 2 ½ 2 
13 Left 10 ½ 5 2 
14 Left 23 6 1 
15 Left 6 4 1 ½ 

2 RT 1 Top 4 2 ½ 2 
16 Top 4 2 ¼ 2 
17 Top 2 ½ 2 ½ 1 
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A-6 Coil Weld Map – Metal Tek 
2Map of all major welds exceeding 20% of wall, over 1 inch or over 10  inches 
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A-6 Coil Weld Map – Metal Tek 
2Map of all major welds exceeding 20% of wall, over 1 inch or over 10  inches 
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A-6 Coil Weld Map – Metal Tek 
2Map of all major welds exceeding 20% of wall, over 1 inch or over 10  inches 
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Carondelet Division 

8600 Commercial Blvd. • Pevely, MO 63070 USA 
Phone:  636-475-2199  •  Fax:  636-479-3399 

E-Mail: Charles.Ruud@MetalTek.com 
             
Corrective Action  1347 

 Carondelet Division - CA / PA / RGA Database 
 Corrective Action Type NCR 
 Date 8/1/2005 Revised 1-31-06 
 CA Originator C. Ruud  

Applies to: A-1Coil  
 

 Description of Defect / Non-Conformance 
Wall thickness below model minimum.  Localized areas were measured below the 
1.375” minimum wall thickness during metrology.  MetalTek independently verified wall 
thickness and confirmed condition. 

  
Root Cause  
The tooling produces a casting with a wall thickness less than required by the model.    
Measurements taken on A-3, A-4 and A-5 are consistent and lower than predicted by the 
model.  Material losses during normal processing and heat treat with A-1 and A-2 are 
also a factor. 

 
Corrective Action 
Request “Use As Is” disposition on wall thickness related dimensions on A-1 coil. 
 

 Verification of Corrective Action 
Not required.   PPPL independently verified in conjunction with ORNL the design 
performance at a wall thickness of 1.05”.  Results were deemed adequate.  Minimum 
measured dimension is 1.18” (to be verified).  Scans of A-2 and 3 coils shows that the 
walls are above the 1.18” minimum dimension in all but a few isolated locations.  
The areas were identified and repaired by approved welding procedures. 

 
 
 Preventive Action 
 Several steps need to be taken to resolve and propose: 

1. Validation of 3D Scanco data.  MetalTek proposes to use Romer Arm with Laser 
scanner as validation technique.  This instrument will be used to validate subsequent 
parts and minimizes measurement technique error.  
- Completed  - The data provided by 3D Scanco has been validated on A1. 
 

2. Report to PPPL/ORNL.  Understanding the concern that the wall not be thinner than 
measured and the limitations of the process, e.g. setting a large core into a mold with 
overhead crane, MetalTek will submit layout results to EIO wand set teleconference 
to review remediations to tool. 
- It was determined to produce A2 with no tooling changes. 
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3. Upon verification of 3D Scanco data, MetalTek will confirm results to EIO team to 
begin root cause determination.  Additional layout may be required to assure 
compliance of tooling, depending on results of layout.   
- Transfer caliper dimensions were taken on A-2 and A-3 at pre-clean step and 
shown to exceed required minimum wall thickness. However scans performed 
using Romer Arm on A-2 and A-3 indicated dimensions consistent with A-1. 
 
 

4. Modification to tooling.  Limited tooling modifications may be performed without 
severely impacting schedule or negating previous engineering (solidification 
modeling, etc.).  These will be evaluated and proposed, where appropriate. 
- No tooling changes have been made. 
 

5. Permanent deviation.  Based on results of above, a permanent deviation may be 
required to dimensional tolerances in limited areas of the component.  These will be 
known in greater detail later. 

 
 
 Actual Completion Date  

All items complete, except a deviation. 
 

 
 
 Signed:  C. Ruud   
   
  CC: Roger Broman, Barry Craig, Joe Edwards, E.J. Kubick, J. Markham 
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Carondelet Division 

8600 Commercial Blvd. • Pevely, MO 63070 USA 
Phone: 636-475-2199  •  Fax:  636-479-3399 

E-Mail: Charles.Ruud@MetalTek.com 
              
Draft Corrective Action  1671 

 Carondelet Division  
 Corrective Action Type NCR 
 Date 4-10-06  Revised 4-17-06  
 CA Originator C. Ruud  

Applies to: A-6 Coil  
 

 Description of Defect / Non-Conformance 
 Test bar from zone 1 failed elongation at -320 F.  Result was 20% versus a minimum of 32%. 
 The original set of three bars, Z-1, Z-2 and Z-3 were sent for testing.  Z-1 failed for elongation, 

26% vs 32% minimum and Z-3 failed for elongation 19% vs 32% minimum.  All other results 
were acceptable.  Retests were ordered.  The second results were similar.  Z-1 failed for 
elongation, 25% vs 32% minimum and Z-3 failed for elongation 13% vs 32% minimum, but 
broke outside the gauge length.  The third set of bars was tested.  Z-3 passed and Z-1 failed 
for elongation, 20% vs 32% minimum, but broke outside the gauge length.  All other test 
results were acceptable.  See attached test reports. 
  
Root Cause  
See attached report, with attachments. 

 
Corrective Action 

  Use A-6 as is. 
               . 
  
  Actual Completion Date  
 TBD 
 
 
  
 Signed:  C. Ruud                
   
  CC: B. Craig, J. Edwards, E.J. Kubick, J. Markham, J. Galaske 
 



 



 
 



 
     



Addendum to CA 1671 
Effect of Solidification Microstructure on Tensile Properties of Stellaloy 
J. Edwards and C. Ruud, MetalTek International 
 
Overview 
 
The development of “Stellaloy” by MetalTek International commenced in 2003 with the 
modification of the base 316 material primarily for magnetic permeability requirements.  Initial 
results demonstrated that this material is extremely robust mechanically at both ambient and 
cryogenic temperature ranges.  Tensile properties gathered from integrally cast test 
specimens poured with the modules have shown variability.  While most have far exceeded 
the specification minima, outliers have shown to demonstrate reduced elongation.   
 
Background 
 
Initial tests on the C5 casting showed that the elongation was lower in test bars associated 
with Zone1 than in other areas of the casting.  Repeat tests showed the same result (Table I).  
Based on this result, the microstructure of the test specimen was examined and 
characterized compared to other test bars integral to the same modular coil casting.  Results 
are shown in figures Lab report 05M1167, Figures 1, 2 and 3. 
 
Similarly, testing of the A6 casting has shown a lower elongation in the test specimens 
associated with Zone 1.  Testing was repeated in specimens from the same zone with 
reproducible results (25-26% elongation at 77K), although one test demonstrated a 20% 
elongation with breakage outside the gauge.  Results of this test are shown in Table II and 
associated microstructures in Figures conyained in WMTR#6-26780. 
 
The tensile test variation seems to demonstrate correlation to microstructure with finer grains 
and heavily dendritic structures showing lower elongation.  Other properties are generally 
well above specification for both samples. 
 
The attached test specimens from the production coils are machined to a 0.350” diameter 
(“sub size” or SS) bar.  The strain rate on the production components is 0.003 in/in/min to 
yield and 0.05 in/min/in to fracture. 
 
Analysis 
 
The test specimens are attached to metal feeders (“risers”) in the modular coil casting mold.  
The attachment of these test specimens is largely determined by convenience due to 
accessibility of the feeder and orientation to a natural interface between mold components 
(cope, drag, and cores).  Metal is introduced into the mold through a series of ceramic tubes 
from any of 3 ladles and mixes naturally upon entry into the mold cavity.   
Attached test specimens are filled by the molten metal at different temperatures and at 
different elapsed time from mold filling onset.  The combination of elapsed time and 
geometric location of the attached specimens results in a range of solidification structures 
based on the superheat of the metal entering the specimen as well as the rate of heat 
extraction from the metal through the sand wall due to mold temperature surrounding the 
specimen (Table III).  In general, cooler metal temperatures favor multiple nucleation sites 
while cooler mold temperatures promote nucleation at an accelerated rate on the mold 



surface.  Hotter metal temperatures result in fewer nucleation sites and more growth of 
individual grains during solidification. 
 
Results 
 

1. The properties measured from attached test specimens vary; however, exceed the 
specification minima in most cases. 

2. Isolated test bars have shown depressed elongation values of approximately 25-29%.  
Microstructural analysis of these test bars demonstrate that the microstructure is 
generally fine grained and may or may not contain heavily dendritic structure. 

3. Test bar structure is the result of solidification physics of the test material and not 
associated with physical differences of Zone location. 

4. Stellaloy continues to test well across a variety of microstructures at both 77K and RT. 
 
  
Table III High MetalTemperature Low Metal Temperature 
High Mold Temperature Little incentive for 

nucleation and low 
thermal gradients. 
Large columnar grains. 

Multiple nucleation sites 
within material, but little 
thermal gradient to mold.  
Creates finely dispersed 
equiaxed structure within 
metal with little 
correlation to mold wall. 

Low Mold Temperature Strong dendritic structure 
with multiple mold 
surface nucleation sites.   
Relatively “fine” 
appearance of closely 
spaced dendrites. 

Multiple nucleation sites 
with primary sites on 
mold walls.  
Intraspecimen nucleation 
as solidification 
progresses.  Broken 
dendritic with equiaxed. 

 
 
 
 
 
 



 



KNOWINGLY OR WILLFULLY FALSIFYING OR CONCEALING A MATERIAL FACT ON THIS FORM, OR MAKING FALSE, FICTITIOUS OR FRAUDULENT STATEMENTS OR REPRESENTATIONS HEREIN COULD CONSTITUTE A FELONY PUNISHABLE UNDER FEDERAL STATUTES.

Specimen No. Z1

MetalTek International  
P.O. No . Requisition No. Material : CF8MNMnMod

6-26780WMTR Report  No.

7580

Met Page 1 of 3

19386

Magnification: 50x  

 Etchant: HCL + H2O + H2O2 

Magnification: 3x 

Magnification: 9x 



KNOWINGLY OR WILLFULLY FALSIFYING OR CONCEALING A MATERIAL FACT ON THIS FORM, OR MAKING FALSE, FICTITIOUS OR FRAUDULENT STATEMENTS OR REPRESENTATIONS HEREIN COULD CONSTITUTE A FELONY PUNISHABLE UNDER FEDERAL STATUTES.

MetalTek International  
P.O. No . Requisition No. Material : CF8MNMnMod

6-26780WMTR Report  No.
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 Etchant: HCL + H2O + H2O2 

Specimen No. Z2

Magnification: 50x  

Magnification: 3x 

Magnification: 9x 
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Specimen No. Z3

MetalTek International  
P.O. No . Requisition No. Material : CF8MNMnMod

6-26780WMTR Report  No.

7580

Met Page 3 of 3

19386

Magnification: 50x  

 Etchant: HCL + H2O + H2O2 

Magnification: 3x 

Magnification: 9x 



Table I
C-5 Coil 11/18/2005

77K (-320F) 293K (RT)
Casting Test 1                           Test 2                            
Property Required C5-1Z C5-2Z C5-3Z C5-1Z C5-2Z C5-3Z Required C5-1Z C5-2Z C5-3Z
Elastic 

Modulus
21 Msi   
(144.8 
Gpa)

33 31.8 28 34.5 28.2 25.9 20 Msi   
(137.9 
Gpa)

28.4 27.7 25.9

0.2% 
Yield 

Strength

72 ksi    
(496.4 
Mpa)

112.6 98.3 95.5 111.2 102.5 95 30 ksi    41.5 37.7 37.1

Tensile 
Strength

95 ksi    
(655 
Mpa)

182.5 166.1 163.7 177.4 172.3 163.5 78 ksi    
(537.8 
Mpa)

92.9 84.4 83.7

Elongatio
n

32% 31% 52% 59% 29% 41% 64% 36% 55% 52% 67%

Charpy V 
– notch 
Energy

35 ft. lbs. 
(47.4 J)

81 73 87 50 ft-lbs  
(67.8 J)

130 131 156



Table II
A-6 Coil 4/17/2006

Test #1 77K (-320F) Test #2 77K (-320F) Test #3 77K (-320F) Test #4 77K (-320F) Test #1 293K (RT)
Property Required A-6 - 1Z A-6-2Z A-6-3Z A-6-1Z A-6-2Z A-6-3Z A-6-1Z A-6-2Z A-6-3Z A-6-1Z A-6-2Z A-6-3Z Required A-6-1Z A-6-2Z A-6-3Z
Elastic 

Modulus
21 Msi   
(144.8 
Gpa)

29.7 28 30.9 27.6 25.3 27.9 26 28.6 25.5 20 Msi   
(137.9 
Gpa)

23.1 21.8 22.8

0.2% 
Yield 

Strength

72 ksi    
(496.4 
Mpa)

108.9 100.1 111.2 108.1 99.6 105.1 100.2 100.8 93.7 30 ksi    46.1 40.9 46.6

Tensile 
Strength

95 ksi    
(655 
Mpa)

161.1 163.7 157.5 166.1 166.2 129.7* 134 165.6 160.9 78 ksi    
(537.8 
Mpa)

90.7 85.8 91

Elongatio
n

32% 26% 61% 19% 25% 56% 13%* 20%* 36% 44% 36% 52% 58% 38%

Charpy V 
– notch 
Energy

35 ft. lbs. 
(47.4 J)

65 81 73 NA NA NA NA NA NA NA NA NA 50 ft-lbs  
(67.8 J)

118 141 121
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