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List of Documents 12-30-2005 
 

Doc # Description # 
Pages 

1 MTR for weighted average of chemistry – 3 ladles replaced by product 
analysis 

1 

2 MTR from Wisconsin Centrifugal 1 
3 MTR for C-4 Shim revised 9/24/05 1 
4 Lincoln weld metal product conformance spec Lot 3018926/78309 1 
5 St Louis Test Lab dated 8/9/05 mech test results at RT & CVN @ 293°k 

for Lincoln lot 3018926/78309 (Note – page 3 of 3 unrelated & omitted)  
2 

6 Westmoreland mech test & CVN @ -320°F dated 9/13/05 Lot 
3018926/78309 

2 

7 Westmoreland Tensile test report @ -320°F dated 9-9-05 1 
8 St Louis Test Lab dated 10-10-05 – incl. tensile test results @ room temp 

& Charpy V Notch (CVN) at 77°K & 293°K 
3 

9 Weld map 9 
10 MQS Radiographic Technique for A coils 15 
11 MQS Radiographic Inspection Report dated 8/13/05 6 
12 MTK Radiographic Interpretation Report dated 10/24 1 
13 MTK Radiographic Interpretation Report A-1 Shim 2 
14 C-4 Coil heat treat chart dated 7/26/05 1 
15 C-4 Coil stress relief dated 10/29/05 1 
16 A-1 Shim heat treat chart dated 06/02/05 1 
17 MTK signed MTS A-1 Coil 12 
18 MTK signed MTS A-1 Coil shim  
19 CA 1308 – shim chemistry out of spec 2 
20 CA 1323 – CA for sulfur & phosphorus readings dated 7/26/05 + 

addendum dated 8/17/05 – 9/8/05 & 9/30/05 
10 

21 CA 1324 – Major weld defects 2 
22 CA 1347 – Thin wall condition on areas of shell 3 
23 CA 1371 Lack of fusion in welds 1 
24 Final inspection report A-1 coil – dated 8/30/2005 1 
25 C of C for A-1 Coil   
26 Final Inspection report A-1 Shim  
27 C of C for A-1 shim  
28 EIO shipping release for A-1 Coil  

 Thin Wall Addendum  
i EIO Thin wall report (not written yet)  
ii 3D ScanCo explanation of tolerance shift 5 
iii 3D ScanCo rescan of A-1 8 
iv 3D Scanco – review of initial scan on A pattern 16 
v EIO evaluation of stocked model for A casting 1 
vi EIO discussion slides on thin wall 16 
vii Preliminary FEA analysis on A-1 4 
viii FEA analysis report from PPPL 16 

12/30/05   
 







 Carondelet Division 
 8600 Commercial Blvd. -   Pevely, MO  63070 USA 
 Phone: 636-479-4499 - Fax: 636-479-3399 

 Material Test Report 
 ENERGY INDUSTRIES OF OHIO 

 Purchase Order Number PPPL-FP-LTS-2                                     Heat Number 29198                        Pour Date 4/28/2005  
 Pattern Number SE-141-073 COIL C SHIM (-3 thru -6 Parts) Cert Number S73220-2 and   
  SE-141-033 COIL A SHIM (-1 thru -6 Parts) Cert Number S76220-1  
 CAF Metal Designation CF8MNMnMod 
 Material Spec CF8MNMN MOD 

     Revised  9/24/05 
 Element Min Actual Max 
 C  0.040  0.070  0.070 
 CR 18.000 18.100 18.500 
 MN  2.300  2.970  2.800 
 MO  2.100  2.450  2.500 
 N  0.240  0.255  0.280 
 NI 13.000 13.120 13.500 
 P*  0.000  0.013  0.035 
 S*  0.000  0.010  0.025 
 SI  0.000  0.700  0.700 
 
MN & SI previously reported on CA 1308 and were accepted.  
 
*P & S taken from test from heat parts were poured from and analyzed by wet chemistry, ASTM E1019-03 for sulfur and Gravimetric for 
phosphorous. 
 
This report covers the eleven castings poured from heat 29198.  Only parts listed above however will be shipped for this order.  Each casting 
has a unique number stamped in the part adjacent to the pattern number to differentiate the part and subsequent reporting that will be traced 
to the casting. 
 
Specification limits have been updated to latest specification.   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Respectfully Submitted, 
Charles A. Ruud 
Quality Assurance Manager 

 Superior Quality Engineered Metal Products 
 www.MetalTekInt.Com 
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December 28, 2005               

Project # 0412 
Fusion Chamber Castings  

A Casting 
Tim Wenninger 
Project Manager 
Lawton Pattern Division 
1950 De Pere, WI 54115 
timw@calawton.com 
920-983-4053 
 
 
This letter is intended to document a tolerance loss observed during dimensional inspection of an A casting 
and the corrective actions that were used to recover satisfactory tolerances. The tolerance loss occurred due 
to an unforeseen set of circumstances and Standard Operating Procedures will be updated to prevent future 
problems even in such a rare occurrence. 
 

The castings were scanned in three 
separate “sessions” as shown in 
yellow, green, and gray. Each session 
was scanned using a Konica-Minolta 
9i/PSC-1 measurement system ISO 
certified to +/-0.05mm (0.002in).  
 
 
This system uses a widely accepted 
technique called Photogrammetry to 
establish the accuracy of the 
measurement session. Theoretically 
only 3 points are required to establish 
a reference system. When more than 
three points are used the redundancy 
allows the system to track error. 
For this part, over 300 reference 
markers were used. 
 
 

Figure 1: The part was measured in 3 separate measurement sessions. 
 
Each of the three major sessions shown above when considered independently is known to be within the 
accuracy capabilities of the system. The task of combining the separate measurement sessions typically relies 
on simply locking in overlapping data to lock in the separate sessions together. The unique geometries 
provide a 3d “lock and key” that ensures an accurate alignment. 
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The problem encountered on this casting occurred when trying to locate the bottom session (in grey above) 
relative to the main session (in green above). The main session was taken with the part resting on the floor 
such that the entire grey surface was not accessible as shown in Figure 2. 
 

 
Figure 2: The main scan was performed with the part in an upright orientation. This left the underside of the 
part un-scanned since it was facing the floor. 
 
Typically the goal is to get enough overlap between any two sessions so as to enable a tight lock between 
them, as shown between the yellow and green sessions in Figures 2 and 3. When the part was layed down to 
scan the bottom (grey side) the problem was that the edge of the scan almost exactly matched the edge of 
the green session. There was some overlap on the left side but the lack of overlap on the right side caused a 
misalignment to occur that resulted in the grey session not being placed properly and thus producing error in 
thickness calculations in that area. The fact that the outlines (shown in red) matched so closely is a rare 
occurrence that caused an unforeseen problem.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3: The edges of the green and grey sessions are shown in red.
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The Solution: 
To rectify the problem, reference marks were recovered from the original data. The points circled in Figure 4 
were captured in the background on the opposite side of the part. These reference marks were then able to 
be used to register the grey session to the green session. Not only did it provide a solution for aligning the 
two but it also provides an achieved accuracy result. The cluster of reference marks matched from grey to 
green sessions to within +/- 0.00175 inches! Unfortunately because there were no reference marks in 
common in the foreground of the grey scan and the fact that these reference marks are on the opposite side 
of the part, a lever arm effect must be accounted for to compensate for how a small error on the opposite 
side is magnified before it resolves on the foreground side. 

 
Figure 4: A cluster of reference markers was fortunately recovered in the background of this scan. 
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Achieved Accuracy: 
All three sessions independently remained within working tolerances during the scanning operation and thus 
the quoted system accuracy of 0.05mm (0.002in) applies. When considering the entire inspection as a whole, 
the largest error source is from this lever arm effect due to having to use reference marks from across the 
part. A conservative distance of 120in was used for the lever arm as the part can easily fit inside that 
distance. Similarly a conservative “platform width” of 24in was used to approximate the width of the “base” 
of the lever arm since the cluster of reference marks used is at least 24in in the narrowest area. Therefore 
the achieved accuracy when considering the fact that there is a lever arm effect comes to 120tan(sin^ -
1(0.0035/24))=0.018in or +/-0.009in. Therefore the thickness measurements and all other measurements on 
the inspection should have tolerance of +/- 0.009in taken into consideration at all times. If that achieved 
accuracy is not sufficient, then it may be necessary to rescan in order to attempt to achieve a higher 
tolerance. 

 

.0035in 

24in 

120in 

Achieved accuracy= 
0.018in (+/-0.009in)  

 
 

3dScanCo 
Project 0412 
Measured by Karol Hatzilias 
Dates 6-7-05 & 7-5-05 
Scanner Make Konica Minolta 
Scanner Model Number 9i 
Scanner Serial Number 1001020 
Scanner Last Calibrated 6-6-05 
Scanner Cal Artifact 1001020 
Photogrammetry Make Konica Minolta 
Photogrammetry Model PSC-1 
Photogrammetry Serial 7281026 
Photogrammetry Last Cal 6-6-05 & 6-16-05 
Photog Cal Artifact 7141013 

 
 
 
 
 
 
 
 
 
 
 
 
Disclaimer: 
 
The results of this analysis are believed to be reliable but are not to be construed as providing a warranty, including any warranty of 
merchantability or fitness for purpose, or representation for which 3dScanCo assumes legal responsibility. Client should undertake 
sufficient verification and testing to determine the suitability of any information presented. It is the sole responsibility of the Client to 
review the results and make any determinations. Nothing herein is to be taken as permission, inducement or recommendation by 
3dScanCo to practice any patented invention without a license or to in any way infringe upon the intellectual property rights of any other 
party.  
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inspecting_01.mdlSource Filename: 

Date: / Time:7/7/2005  7:30:05PM Length Unit:

Angle Unit:

in

deg

Whole Deviation Session

Type: Surface Type

Whole Deviation 2

scan_2_merge3_PGNOPG and scan_merge_02

Name: 

1st Reference Entity:

2nd Reference Entity: 521 Surfaces

Calculate Tolerance:

Acceptable Tolerance:

Maximum Range:

Minimum Range:

Average:

Standard Deviation:

 2.81862

 0.00000

 1.00000

-1.00000

-0.01692

 0.26034

Isometric
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Angle Unit:
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deg

Front

Back
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deg

Left

Right
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Top
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inspecting_01.mdlSource Filename: 

Date: / Time:7/7/2005  7:30:05PM Length Unit:

Angle Unit:

in

deg

Annotation Session

Whole Deviation 2Reference Whole Deviation Name:

Isometric
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inspecting_01.mdlSource Filename: 

Date: / Time:7/7/2005  7:30:05PM Length Unit:

Angle Unit:
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deg

Front
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inspecting_01.mdlSource Filename: 

Date: / Time:7/7/2005  7:30:05PM Length Unit:

Angle Unit:

in

deg

Left

Right
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inspecting_01.mdlSource Filename: 

Date: / Time:7/7/2005  7:30:05PM Length Unit:

Angle Unit:

in

deg

Top

Bottom

Name DistanceZY

Displacement

XZY

Design Data Position

ZYX

Scan Data Position

X

Annotation 6  52.63935 -0.64813 -4.82390 -0.62804
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December 28, 2005               

Project # 0412 
Fusion Chamber Castings  

A Patterns 
Tim Wenninger 
Project Manager 
Lawton Pattern Division 
1950 De Pere, WI 54115 
timw@calawton.com 
920-983-4053 
 
 
 
 
 
After reviewing the scan data from the A patterns it is evident the original results provided with inspection 

results are sound.  A double check of the data was done for all core boxes including the cope and drag.  The 

alignment of the scan data to CAD was also verified. 

 
 

The patterns are machined using precision CNC mills.  The accuracy achieved on these patterns is at least an 

order of magnitude better then that observed on the casting. The patterns all came in with an RMS residual 

error under 0.0050” except core box 6, which was the largest RMS value at 0.0052”.  Each pattern was 

scanned using a photogrammetry session, each session has an overall RMS residual error.  This means we 

are confident in the data of each session to this value.  Here are the results of each photogrammetry session. 

 
Core Box Overall RMS residual error(mm) 
1  0.0299 
2  0.0425 
3  0.117 
4  0.0593 
5  0.0744 
6  0.132 
7  0.0642 
8  0.0647 
9  0.0743 
10  0.0793 
cope  0.113  
drag  0.106 
polodial  0.0303  

 
 
The color maps below show the deviations of scan data when compared to CAD.  These are the same color 

maps as were in the original inspection reports.  Shown here is also the histogram report, which shows how 

much of the data resides within each deviation band.  For example 100% of the 428,125 points scanned for 

box 1 are within 0.025” and the majority are within 0.005”. 
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Box 1: 458125 data points 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Lawton_pattern_A_050808  Page 2 of 16 
 



Box 2: 102077 data points 

Lawton_pattern_A_050808  Page 3 of 16 
 



 
 
Box 3: 1396426 data points 

 

Lawton_pattern_A_050808  Page 4 of 16 
 



Box 4: 382140 data points 
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Box 5: 685973 data points 
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Box 6: 1583613 data points 
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Box 7: 573572 data points 
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Box 8: 668847 data points 
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Box 9: 438097 data points 
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Box 10: 425102 data points 
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Cope: 612115 data points 
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Drag: 258097 data points 
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Polodial: 998922 data points 
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Disclaimer: 
 
The results of this analysis are believed to be reliable but are not to be construed as providing a warranty, including any warranty of 
merchantability or fitness for purpose, or representation for which 3dScanCo assumes legal responsibility. Client should undertake 
sufficient verification and testing to determine the suitability of any information presented. It is the sole responsibility of the Client to 
review the results and make any determinations. Nothing herein is to be taken as permission, inducement or recommendation by 
3dScanCo to practice any patented invention without a license or to in any way infringe upon the intellectual property rights of any other 
party.  
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Evaluation of stocked A model for adequate stock 

 
 
Notes: 

1. Measurements shown are through-wall thickness measurements of the stocked A 
model (no shrink) created by Lawton Patterns. 
 

2. Measurements taken along wall where the A-1 casting is exhibiting thin wall 
conditions ranging down to 1.18” 
 

3. Software used to verify wall thickness of model – Solid View/Pro 2003.1 
 

4. Measurements taken on 8/2/05 by Roy Sheppard of EIO 
 



Energy Industries of Ohio

A-Coil Winding Form
Metrology Discussion – Pattern 

Verification



Issues
• Dimensional data supports a under tolerance condition 

exists on an area of the shell
– Limited options on increasing thickness on A1

• 3D Scanco data correlates to physical measurements 
taken by MetalTek on the A1
– MetalTek dimension taken from shell at cut-thru

• Dimensional data supports that the A-B alignment will be 
achieved at the flanges, but may not align shells (no 
interference issues)
– Root cause not confirmed

• Dimensional changes to A1 part are all long time period 
changes and involve extensive work to part and 
matching work on pattern equipment
– Quickest path forward may be FEA and Waiver



Location of 3 cross sections



Left View



Right View



Cross Section 1



Cross section 2



Cross Section 3



Machined Coil A



Back wall after machining



Additional points snagged for orientation



Comparison of Machined Part to 
3DScanco Layout

Views are slightly 
rotated. Use racetrack 
reference



MetalTek Verification

Excised hole for 
dimensional verification 
(1.24-1.27”)



Summary of Layout

• A substantial amount of the wall appears 
to be under the design thickness

• 3DScanco data is at 95% Confidence 
Level (Approx. 0.018” error per 3DS)

• MetalTek verified one area with direct 
measurements

• Remediation options are limited and have 
risk



Remediation Options
• Option 1 – Permanent Waiver

– PPPL would need to assess part dimensions and FEA and assure that 
thin wall will not impact performance

– Affects all A-coils
• Option 2 – Use-As-Is NCR

– Would move A1 forward, but at risk of continued dimensional learning 
and schedule

– Affects A1
• Option 3 – Weld Build Up

– Would have to optimize part and identify areas for build up.  Substantial 
shape risk on component.  Large schedule impact.

• Option 4 – Remake
– Would have schedule slip on both pattern and component in schedule.  

Would likely complete C coils and have production gap in program while 
B pattern completes and A is adapted.



Request
• Energy Industries of Ohio Team requests that 

PPPL analyze this and respond with preferred 
direction to move forward
– MetalTek can offer additional laser scanning for 

verification of shape/dimension
– Lawton has offered transfer measurement as a 

means for direct measurement of thickness, MetalTek
has experience using similar technique

– Component is on process hold pending resolution.  
Time is of the essence.



Stresses in Shell A1 for E=193 GPa



Stresses in Shell A1 for E(A)=152 GPa
and E(B&C)=193 GPa



Stresses in Shell A1 for E=193 GPa

Top View

Side View



Stresses in Shell A1 for E(A)=152 GPa
and E(B&C)=193 GPa

Top View

Side View
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FEA  Analyses Results of the A1 
Casting with Thin Wall Regions

August 8, 2005



2

Thin Wall Areas in the A1 Casting 
thin areas In light 
blue

Machined Casting

FEA model – thin areas are tan.

Note That Much Of the Thin 
Area is Machined Away, 
Lessening its Effect



3

SCANCO data well 
quantifies the actual 

wall thicknesses

Specified thickness is 1.375” 
+0.25 / -0.00

Thinnest actual section is 1.18”.

“Guesstimate” is the thin area is 
15% of the wall area.



4

FEA Studies for the Shell A Thin Wall Region:

• Run #1:  Baseline Engineering Analysis used E for 316 SS. The  
E=193 GPa was based on data for 316 stainless steel as an interim value 
until E for cast “Stellalloy” was determined.  

• Run #5: Analysis Corrected for the E of “Stellalloy”. All shells having 
E=145 GPa, the value given by the specification for “Stellalloy”.

• Run #6: This model reflects the updated E and also thin shell 
regions in A1 with wall thicknesses t=1.18”. The  E of shell A  is 
modified by a thickness ratio of 1.18/1.375.  The E of shell A become 124 
GPa.  (Note: In the FEA model, the affect of the thin wall is achieved by 
modifying the effective modulus, E, rather than actually changing the wall 
thickness in the model )

• Run #4: This model uses a corrected E and models All Type A  
Castings as Having A Thin Region Like A1 but 1.05” thick.  E 
of shell is 145 GPa except in the shell A thin wall regions, where E=111 
GPa

The slides 
which 
follow 
show that 
this is by 
far the 
most  
significant 
affect!  

The Analyses Show That The Thin Region With 
Either Thickness Has a Very Minimal affect!  
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The Stress Allowable Based on the Spec. 
Minimum  

Property Required C-1 Casting 
Heat 27728 
(averages)

LNM 4455 
Electrode

Elastic 
Modulus E

21 Msi      
(144.8 Gpa)

23.3 27.1

0.2% Yield 
Strength

72 ksi       
(496.4 Mpa)

98.4        
124 

126.3

Tensile 
Strength

95 ksi       
(655 Mpa)

170.2     
170.2 

187.7

Elongation 32% 55%      
58.7% 

33%

Charpy V – 
notch Energy

35 ft. lbs.     
(47.4 J)

78 51

Property at 77 K

•The allowable is the lesser of ½ tensile strength or 2/3 yield. 

•Using the spec minimum, this would be  322.5 MPa. (the lesser of 322.5 or 
327.6) 
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The Baseline Analysis: Stresses in Shell Type A  
(Run 1)
- E=193 GPa

Stress Plot up to 120MPa
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Top View

Baseline:  Axial Stresses in Modular Coils for 
Run No. 1
- E=193 GPa

Coil Type A
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Analysis Results with the E Updated for “Stellalloy”  
Stresses in Shell Type A for Run No. 5
- E=145 GPa
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E Updated for “Stellalloy” Axial Stresses in Modular Coils for Run No. 5
- E=145 GPa

Coil Type A
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This model reflects the updated E and also thin shell 
regions in A1 with wall thicknesses t=1.18”. Stresses in Shell 
Type A for Run No. 6
- E=145 GPa except E(thin wall region)=124 GPa
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This model reflects the updated E and also thin shell 
regions in A1 with wall thicknesses t=1.18”. Axial Stresses in 
Modular Coils for Run No. 6
- E=145 GPa except E(thin wall region)=124 GPa

Coil Type A
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This model uses a corrected E and models All Type A  
Castings as Having A Thin Region Like A1 but t=1.05”
Modulus of Elasticity in Shell Type A for Run No. 4, 

In the pink regions,  
E = 145 GPa

In the brown regions, 
E=111 GPa to 
simulate a wall 
t=1.05”.

Left View Right View



13

This model uses a corrected E and models All Type A  
Castings as Having A Thin Region Like A1 but t=1.05”
Stresses in Shell Type A for Run No. 4
- E=145 GPa except E(thin wall region)=111 GPa

Stress Plot up to 120MPa
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This model uses a corrected E and models All Type A  
Castings as Having A Thin Region Like A1 but t=1.05”

Axial Stresses in Modular Coils for Run No. 4
- E=145 GPa except E(thin wall region)=111 GPa

Coil Type A

Top View
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Summary:

Run # Configuration

Max. 
Displacement -

mm

Max. 
Stress -

Mpa

Max. 
Displacement -

mm

Max. 
Stress -

Mpa

Max. 
Displacement -

mm

Max. 
Stress -

Mpa
1 Baseline 0.98 168 1.246 239 2.711 239

5 Updated E 1.17 160 1.513 248 2.934 248

6 Updated E;  thin sect. =1.18" 1.169 161 1.516 249 2.984 249

4 Updated E; thin sect. =1.05" 1.168 161 1.517 248 2.971 248

Shell Type A Coil Type A All Coils

• As the table below shows the most significant effect is the updating of the 
modulus E to that of the “Stellalloy”.  

• Thin shell areas like that of A1  has an extremely minor affect on the stresses 
and displacements in ANY of the coils or shells  with the thickness being either 
1.18” as for A1 or even with the thickness being 1.05” which MTK projects is the 
minimum if the shell is not changed. Reasons:

a)  The shape of the tee is not changed by this, and the tee provides 
most of  of the bending stiffness  
b)  Some EM forces are transferred to the shell B from the wing.
c)  The thin wall region is not the location for the peak stress and 
much of the area will be machined away.



16

Consequently…
• Since the thin section of A1 has virtually no affect on 

stresses or deflections of either the coil or shell,  the  
NCR for A1 with the thin region having a minimum 
thickness of 1.18” will be dispositioned to “Accept As Is”.

• Pending the root cause analysis and EIO’s
recommendation, if necessary, based on these analyses, 
we have the flexibility to allow the wall thickness IN AN 
AREA SIMILAR TO A1 for all future Type A Castings to 
be  a minimum of 1.050” and  a maximum of  1.375 
+0.250 =1.625” (which is the same as the upper limit 
currently specified).  
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