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Purpose of Calculation: (Define why the calculation is being performed.)

    To qualify the local attachment detail of TF outer leg support truss to the knuckle of the vacuum vessel
References (List any source of design information including computer program titles and revision levels.)
[1]  Analysis of TF Outer Leg, Han Zhang, Calculation Number NSTXU-CALC-132-04, and Preliminary Results shown in the March 15 NSTX progress meeting
[2] NSTX-CALC-13-001-00 Rev 1  Global Model – Model Description, Mesh Generation, Results, Peter H. Titus  March 2011
[3] Analysis of Existing and Upgrade  PF4/5 Coils and Supports – With Alternating Columns. NSTX-CALC-12-05-00 Rev 0  P. TitusMarch 2011

Assumptions (Identify all assumptions made as part of this calculation.)
This is a qualification of a small part of the outer leg support system. The concept for this support has gone through a number of iterations.  The existing clevis attachment had a large offset to the pin centerline which produced a large prying moment in addition to the shear on the clevis. Concepts were developed that limited the load into the clevis, and concepts were developed to increase the load carrying capacity of the clevis. Loads at the attachment varied depending on the attachment and truss concept. For the purpose of this calculation it is assumed that the design load for normal operation is 20000 lbs, based on CDR and PDR versions of the outer leg calculation [1]. 20000 lbs is appropriate for the concept chosen for the FDR which is a rigid link that provides significant support to the outer leg at the knuckle elevation. Preliminary results from ref 1 shows a peak load of 17,000 lbs.  The 20000 lb design load will be confirmed when ref [1] is filed.
Calculation (Calculation is either documented here or attached)
See the body of the following document
Conclusion (Specify whether or not the purpose of the calculation was accomplished.)
The welded concept , with a pair of clevises  is adequate  to accept the normal operating scenario loads. This concept has a geometry that eliminates the offset moment. The intersection of the line of action of the two truss links is at the vessel surface making the load at the vessel wall,  only shear. The existing pad welds and  proposed 1/4 bevel backed with a fillet welds for the new lug are adequate.  There are some sharp corners that need to be blended or radiused. Fatigue evaluations were acceptable based on a uniform distribution of stress in the weld perimeter. This geometry is similar to the PF4/5 support pad and potentially will have  higher stresses at the corners of the rectangular pads. Consequently these should be added to the inspection list.
Cognizant Engineer’s printed name, signature, and date

Mark Smith


I have reviewed this calculation and, to my professional satisfaction, it is properly performed and correct.

Checker’s printed name, signature, and date

Han Zhang
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Executive Summary:
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Figure 1 Existing Clevis Details

    This is a qualification of a small part of the outer leg support system. The concept for this support has gone through a number of iterations.  The chosen attachment has been sized and shaped to accept only shear loading and has been  found acceptable for expected OOP loads that will be imposed on the vessel knuckle region by the TF outer leg support truss. Weld stresses are acceptable in terms of static and fatigue allowables, but inspections of the welds at the corners of the square pad are recommended. 

     The existing clevis attachment had a large offset to the pin centerline which produced a large prying moment in addition to the shear on the clevis. Concepts were developed that limited the load into the clevis, and concepts were developed to increase the load carrying capacity of the clevis. Loads at the attachment varied depending on the attachment and truss concept. 

    The existing clevis attachment bolting and 3/16 fillet welds are insufficient to support the upgrade truss/radius rod loads with the offset the present clevis design imposes. . Welding the bolted clevis to the pad and increasing the weld size to 3/8 inch meets the static stress limits. Further analysis and possible re-enforcement was needed to satisfy fatigue limits. Once welding was considered, improvements in the clevis were also considered. One concern is that the existing bolts will gall when attempts are made to remove them. This is not expected (based on conversations with Eric Perry) but if they do gall than they can be ground off and the welded clevis welded over the bolts. In addition to the welded concept, another concepts is evaluated here beginning on page  8. This is retained as a back-up in case access or interferences make welding difficult.
In the appendices, some of the calculations and presentation material are included to provide an understanding of the history that led to the present design choice. The weakness of the existing clevis produced a variety of design solutions that were more difficult and were not chosen. Prior to the CDR a diamond truss assembly was investigated, but only worked for up-down symmetric OOP loads and was impossible to install around the existing diagnostics, wave guides and service lines. At the PDR, a solution that employed compliant trusses to limit loading into the clevis was presented.. This design used first, a coiled spring and then a Belleville spring stack. Off- loading the OOP loading from the vessel was 
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thought necessary to limit stresses at the mid-plane port ligaments. However more detailed analysis showed adequate capacity at the equatorial plane and the spring truss was dropped. Options that used the existing clevis pads as shear keys - with no tensile capacity were judged to have a precarious purchase on the pad, and this concept was never considered seriously. A concept which converted the PF 4 and 5 support to take the TF OOP load was also considered and dropped. Some of the evaluations of this are included in Appendix B. 
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Elements of the Outer Leg Support System. An early version of the knuckle clevis is shown in the middle. Truss loads imposed a moment on this concept because of the width of separation to the "ears". The modeling employed in Ref 1 is shown at right. Preliminary results from this analysis show a truss shear load of 75 KN or 17,000 lbs 
DCPS Algorithm

The DCPS algorithms will be supplied in the calculation for the outer TF support structures, ref [1]. The shear load limit at this writing is 20,000 lbs. It might be possible to increase this. 
Input, Drawing Excerpts
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Analysis 
A number of concepts have been evaluated to reinforce or replace the present clevis hardware. These will be presented after the presently chosen option. The preferred option  is a simple concept in which a clevis plate with a  refined geometry is welded to the existing pad. The shape and sizing of the clevis is chosen to eliminate moments applied with respect to the surface of the vessel. This loads the attachment to the vessel only in shear - no bolt or weld tension is required. A couple of concepts produce no, or little moments at the vessel surface. The welded concept is presented first and then a mechanical concept is described and analyzed. The qualification of the mechanical concept is included in case it is needed in one or more of the 24 locations needing upgrade. 
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Mechanics  and geometry that eliminates the offset moment on the clevis assembly

Recommended Welded Option

[image: image8.png]Welded Clevis
Replacement

VAVAL,
E vﬁVAVAVAVAVA

SOAENNKY
’AWA'AVA‘A'AVA%%X#XA





[image: image9.png]MAR 2 2011
08:11:40
NODAL SOLUTION
STEP=1
SUB =1
TIME=1
& SINT (av6)
| PowerGraphics
L EFACET=1
\ AVRES=Mat
i DHX =.679E-03
: SMN =1.695
SMx =19471
2. 442
.133011
*zE =.79739
A-25=". 667081
2-BUFFER
1 1.695
1 [N
) B s2s
B 602
B sess
q [ BT
12981
T 15145
B 17308
L ETYCH





[image: image10.png]AR 2 2013

R 2 2011
08:14:03

. . AN
This Detail needs HOBAL' soLuTION
to be radiused e

suB =1
TIHE=1

smr (Ao
PowsrGraphics
EPACET=1
AVRES=Mat.
DMK =, 679E-03
s =1.695
sx =19471

xv =.757203
w -

v = 46012
Drer=1.086

1.695
2165
4328

Ref[1] Preliminary Result from
Wednesday Meeting. This Detail needs
to be radiused




Attachment Weld - New Clevis
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Taking credit for the vertical legs produces a stress below the fatigue allowable: 
	Only Horizontal Legs
	
	
	Vertical Plus Horizontal Legs

	Welded Pad Width
	3.375
	
	Welded Pad Width
	3.375

	Welded Pad Height
	3.5
	
	Welded Pad Height
	3.5

	Weld Fillet/Groove
	0.5
	
	Weld Fillet/Groove
	0.5

	Weld Length
	7.75
	
	Weld Length
	11.25

	Weld Factor
	0.707
	
	Weld Factor
	0.707

	Weld Stress
	7300.269
	
	Weld Stress
	5029.074


Attachment Weld - Existing Pad
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These calculations assume uniform shear around the perimeter weld. There will actually be a concentration at the corners of the weld pattern. This was the case with the PF4 and 5 bracket supports. and the expectation that this would potentially  be a fatigue failure point led to inspections of these areas by Joe Winston. No indications of cracking were found. The corner areas of  square welded pads should be included on the list of areas to check.  
Mechanical Attachment Employing Welded Studs and Clamped Shear Mechanism

The intention of this option is to provide a clevis geometry that develops only shear at the vessel surface, and then engage the existing pad as a "shear key" . One difficulty with this is the tolerancing on the size and positioning of the pads made it difficult to have a tight fit with the clamp. This was fixed with adjustable edge clamps.  Another difficulty is that the edge of the pad that protrudes above the weld is small . This is all that is available to obtain a "purchase" by the clamp.
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Clevis Detail with bolted edge clamp
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Evaluation of the Existing Hardware for the Upgrade Loading 
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One of the existing Clevis Attachments to the vessel

    The truss or radius rod load was taken from Han Zhang’s CDR analysis of the outboard legs, Reference [1].

For early analyses, C. Neumeyer provided a couple of sets of currents representing the worst up-down symmetric loading and the worst up-down asymmetric currents. For the symmetric currents, the max load in the truss/radius rod is 18.4 k lbs and min load is 4.5 k lbs. For the asymmetric current, max load in radius rods is 20.3 klbs and min load is 4 klbs.  Max load in the ring (in the middle of the ring where connects to radius rod): 86 KN or 19.3klbs for the asymmetric  PF current, and  80 KN or 18 klbs for the symmetric  PF current.” 
    These loads are derived from “worst case loads that  Charlie Neumeyer provided in early 2009. The loads in the radius rods from  the 96 scenarios in the global model [2] were also investigated This yielded 24000 lbs. The radius rod loads are reported at the TF outer leg. Global moment summations based on assumed load share between the umbrella structure, knuckle clevis and outer leg mid-plane,  produce a somewhat higher load at the clevis radius. In this model, 30,000 lbs is used. In the radius rod design, the truss assemblies attached to the 12 clevises around the perimeter of the knuckle region of the vessel act to cancel the radial loads and only the tangential 30kip load remains, but this is offset from the surface of the vessel by about 4 inches. 
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The resulting stresses in the sharp geometries of the attachment welds are high.     The truss/radius rod clevis was modeled based on the original 2D NSTX drawings. Simple moment summations and spreadsheet calculations showed that the 3/8 inch attachment bolts were undersized for the upgrade loads. The FEA model was then built assuming the clevis assembly would be welded to the vessel pad. A perimeter of elements model the weld and the size is selected arbitrarily and then scaled to the actual or desired weld dimension. 
Bake-Out Thermal Stresses

    During Bake-Out, the Clevis is cooler than the vessel shell. It extends beyond the insulation. An analysis was performed with assumed temperatures.
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These stresses are high. This issue came up with the PF4 and 5 supports and the PF4/5 support brackets were instrumented and the temperatures during bake-out were measured. The temperature gradients are much more gradual and the thermal stresses are much lower. These results for PF4 and 5 may be found in reference [3] 

Appendix A

Options that used the existing clevis pads as shear keys
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Appendix B
Options that used the existing clevis pads Only for Vertical Support of the PF 4/5 system. 
and transferred the OOP TF Load to the PF4/5 Support
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Figure 2 Photo of one of the Existing Clevises
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