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 DATE:  3 Sept. 2002

FROM: F. Dahlgren
SUBJECT:NCSX-Shell Flange Bolting 

Analysis

A preliminary analysis was performed to determine the bolting requirements and flange stresses for the modular coil shell support structure.  Results from the existing 360 degree FEA model of the shell and modular coil/T-sections were used as input to a local model representing the shell flange shown in Figure 1. The local flange (Nastran) model includes 26 bolt holes of 1 1/4" diameter and 1" diameter bolts. The flange is represented by 3-D hexahedral and pentahedral elements and the bolts by 1-D rod elements. The bolt heads are coupled  to the bolt hole perimeter edges and are assumed to be rigidly attached. Enforced displacements of the boundary nodes reflecting the interpolated nodal displacement results of the global model were applied to the flange/shell and flange/flange interfaces. Net nodal (tensile) forces from the global model result were applied to the free ends of the rod elements representing the bolt loading from the mating flange.

To properly describe the requirements for translating the global results onto the local flange model it is necessary to understand how the global model was created. The global model was generated from the two single period 120 degree segments of the shell and modular coil assemblies. The modular coil and T-section assemblies were attached to nodal points on the inner shell and flange wall using constraint equations which enforce matching (weighted) displacements from the nodes on the T-section surface to any nearby nodes on the shell interior or exterior surface. This has the effect of a rigid structural coupling of the modular coil/T-section assemblies to the shell without actually modeling the full details of the structural support connection.  This single period was then toroidally rotated and reflected about the horizontal plane twice to create a full 360 degree model. The subsequent 3-period global model was then made structurally continuous across the mating surfaces by means of constraint equations, which enforce identical, weighted displacement constraints on adjacent nearest neighbor nodes. Since the narrowed inner portion of the flange is not wide enough to permit bolts on the inner radial segment, it was necessary to re-run the Ansys global model with the constraint equations that knit the two flange surfaces together in the nose region removed to properly represent the lack of bolting in this region of the flanges. After running the model with these constraints removed, it was found that there were still some additional loads being applied to the flanges in the nose region. It was determined that these loads were from additional constraint equations which tied a small portion of the modular coil structure adjacent to the flanges, to the flanges in this region of the model and provided an alternate load path across the flange joint via the coil structure. It was assumed, at this stage of the design, that any constraint equations that tie any coil structure to an adjacent period flange should also be removed. The current analysis of the local model assumes a loading condition where the cantilevered portions of the modular coil (and shell) which extend beyond the 120 degree segment would be attached only to that segments shell and not to any of the flange nodes or portions of adjacent segments. At this point it has not been determined how (or whether) the cantelevered portion of the shell will be structurally continuous with the adjacent mating 120 degree shell so the current loading assumptions for the flange are the most accurate represention available. When a more detailed  definition of the shell/flange/coil structure is determined this issue will need to be revisited.

Figure 2. shows the stresses developed in the flange peaking at the bolt hole perimeter near the nose section at 129 MPa (18.5 ksi). Figure 3. is an animation of the flange displacements. Table 1. is a list of bolt stresses (CCW from the upper right to lower right as the model is depicted in Figure 1. The peak bolt stress is 364 MPa (53 ksi) at the second bolt location as indicated in Figure 1. The first bolt stress is 244 MPa (35 ksi) and the stresses in the remaining bolts do not exceed 123 MPa (18ksi). Use of 1-3/4" diameter bolt will reduce the peak stress in bolt#2 to 118 Mpa (17.2 ksi). For a 304 SS bolt with a minimm yield of 30 ksi and minimum ultimate of 75 ksi (per ASME SA-240), the maximum allowable stress at temperature is 18.8 ksi. An alternative to larger bolts might be the addition of splice plates that would attach to the vertical inboard channels protuding from the flanges. Note that the negative stress values on some bolts in Table 1. indicates that the flange in that region is in compression. For a more refined determination of the bolt/flange loading a more detailed global model with a more detailed hexahedral mesh with conforming flange to flange nodes and discrete bolted connections with pre-loads will be required. 

Figure 4a. is an illustration showing a sectioned view of the flange bolt insulation proposed. A G10 sleeve and washer under a stainless steel washer would electrically isolate the through bolt from the left side flange. A 1/2" thick G10 spacer/shim would isolate the two flanges. This configuration could be used for a bolt/nut connection or a threaded flange connection (as shown in Figure 4b).

CC.: B. Nelson, P. Goranson
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Figure 1. Nastran FEA  Local Flange Model
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Figure 2. Peak Tresca Stress Contours (Mpa)
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Figure 3. Displacement Animation of Flange model

	S T R E S S E S   I N   R O D   E L E M E N T S      ( C O N R O D )

	ELEMENT

ID
	AXIAL STRESS

(MPA)
	ELEMENT

ID
	AXIAL STRESS

(MPA)

	1061
	2.44E+02
	1062
	3.64E+02

	1063
	3.72E+01
	1064
	8.83E+01

	1065
	-1.60E+02
	1066
	2.99E+01

	1067
	2.46E+01
	1068
	-6.17E-00

	1069
	-7.89E+01
	1070
	-1.36E+02

	1071
	-2.20E+01
	1072
	4.82E-00

	1073
	1.98E+01
	1074
	1.23E+02

	1075
	1.03E+02
	1076
	1.21E+02

	1077
	1.20E+02
	1078
	1.10E+02

	1079
	5.87E+01
	1080
	3.02E+01

	1291
	-7.72E+01
	1292
	-7.14E+01

	1293
	3.63E+01
	1294
	6.96E+01

	1295
	6.48E-00
	1296
	-4.34E+01


TABLE 1. BOLT STRESSES (Mpa)
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Figure 4a. Through Bolt


 Figure 4b Threaded Flange Bolting

� EMBED Word.Picture.8  ���





� EMBED Word.Picture.8  ���








[image: image5.wmf][image: image6.wmf]1

.

00

.

5

00

G

-

10 

S

hi

m

G

-

10 W

a

sh

e

r 

&

 

S

l

e

e

ve

.

1

25

NC

S

X

 

S

H

E

L

L

 

F

LA

N

G

E

 

S

HI

M-

I

N

S

U

LAT

OR

 

-

 

A

D

E

TAI

L

_1093258449.doc
[image: image1.bmp][image: image2.bmp]

1.00







.500







G-10 Shim







G-10 Washer & Sleeve







.125







NCSX SHELL FLANGE SHIM-INSULATOR DETAIL-B
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Peak Bolt Stress
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NCSX SHELL FLANGE SHIM-INSULATOR - A DETAIL












