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Executive Summary:

This report summarizes the analysis performed on the Station 3 lift fixture. Hand
calculations and FEA analysis of the lift fixture was performed to verify the adequacy of
the design in supporting the weight of the module coil half period (MCHP) as it is
maneuvered over the vacuum. A peak stress of 16.2 ksi was found at a web corner in the
area where the maximum support load is introduced. Four SAE J429 Grade 8 bolts are
use to attach the lift fixture to the MCHP at each of four lift fixture / MCHP interfacing
surfaces. To maintain a no slip condition at the lifting fixture a bolt preload of 20,000 Ibs
IS needed.
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PPPL CAD Drawing No.: NCSX-SE185-314 shts. 1 and 2
PPPL CAD Drawing No.: NCSX-SE185-315 shts. 1 thru 6
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ProE/Mechanica file: stb-station3_rigging_step247.prt
Station3 stress analysis.xls

Lift Weight and load fraction Calculation

The MCHP is manipulated over the VV from the left and right side with a slight different
degree of motion and different loading induced in the lift fixture. Figure 1 below shows
the fraction of load carried by each sling to the lift fixture attachment points as the MCHP
is moved over the VVV. The worst condition occurs on the left side at the installation
position designated as Step 247.
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Fig 1 Fraction of load carried by each sling

The weight of the MCHP and lift fixture was based on ProE calculations of the models of
each component and then adjusted upwards based on as-built weight measurements of the



Type-B modular coil. A 10% additional factor was added to account for overcastting and
miscellaneous items. The tabulation shown in Figure 2 summarizes the weigh
distribution among the components as well as a tabulation of the maximum lift load at
each support point based on the left side installation position designated as Step 247.

Position of hook
on left side at
Step 247

UnitWeight — Type-A 6724 Ibs  [CAD weights]

Type-B BBE3 Asfbuilt weight for B3 is 8300 Ibs (3.6% higher)
Type-C 56472
19028 |bs

1852 lbs  Lift fixture weight

494 Support feet weights

300 Laser support brackets

21675 s
21675 assume 10% overcasting + misc
23843

24000 Ibs  Assumed maximum weight of HP

Maximum lift loading occurs on the left side at Step 247
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Fig 2 Weight and lift load calculations

FEA analysis of lift fitting

A linear FEA analysis was performed using ProE/Mechanica. The lift support frame was
fully constrained at the bottom pads and the load was applied in the direction of the
rigging support (shown in Figure 2). Step 247 loads were applied at the three lift points.
The support frame is made from ASTM A36 material. ASTM minimum values for A36
structural shapes are 36 ksi yield and 58-80 ksi tensile. The allowable stress (Sm) was
initially taken to be the lesser of 1/3 ultimate or 2/3 yield, which would be 19.3 ksi (1/3
ult based on 58 ksi). Mike Viola did some research and found that design factors for
Design Category A lifting devices shall be not less than 2.00 for limit states of yielding or
buckling and 2.40 for limit states of fracture and for connection design. This set the limit
stress at 18 ksi (1/2 Fy); the value used in evaluating the FEA results.

Figure 3 shows the FEA analysis summary with a peak stress of 16.8 ksi in the web
corner. Local stiffener plates have been added above the I-beams near the support points



to bring the stress level down below allowables. Figure 4 shows the location of the high
peak stresses.

18,000 Ibs

4,560 Ibs

1,680 Ibs

With added rib the local peak stress drops from 16.8 to

~12ksi 16.2 ksi and moves to the opposite side.

Fig 4 Details of local area peak stresses



The spreadsheet below shows the reaction loads at the support fixture four support pads
that attach to the Modular Coil HP. The total loading condition is 24,000 Ibs at Step 247
for the left side MCHP assembly over the VV. To limit the required coefficient of
friction needed to maintain a no slip condition at the lifting fixture pad interface, a bolt
preload of 20,000 Ibs is needed.

Fixture Reaction Loads

1-8 bolt, SAE J429 Grade B8 Bolt Ftu = 150 ksi
Fy = 130 ksi
Tension allowable (based on 1/3 ult) = 27,551 Ibs

Support Fx Fu Fz Fxz FxalFu

1 4209 60 -giB040 203560 467594 -0ED9

2 64161 -427140 2 g4241 0.0

3 327 -1365.00 35628 37.83 0262

4 3710 872340 -2950.40 296739 0340
sumn 520160 -23540.00 526 41 !
suncheck | semse’  -2asanzo] BaEae BoltLoad |JointLoad | Feguired

(Preload+ |(Preloads  Friction Tapped Thraugh

Bolt Fx Fuy[tension] Fz Fxz FxalFy Applied) Applied] Coefficient holes holes

1a 67601 G5EEOR 1050147 1249200 -0351 20391 -16636 no7

b 1545.80 -4040.62 96311 182453 -0.452 20444 -15404 01

1o 1025.68 87025 38763 09648 1260 20095 19225 0.06

1d 962,01 714,44 403,62 104325 -1460 20079 -19364 0.05

Za 3996 -340.48 267.93) 27089 -0.796 20037 19697 il

2 46313 -2399.80 436.60) B¥E.48 0265 20264 17864 0.04

2 60,14 42698 -565.82 500.05 0412 20157 -19730 0.03

2d 2161 10411 -10B.57) 10874 1044 20011 -19307 001

a 4386 74,98 4353 6619 -0.883) 20008 19333 0.00 \\\

) 11139 89133 322,64 4133 0383 20098 -13207 002

3 -128.84 4131 1163 18036 -0.317) 20045 19634 il

3d 186 1263 174 255 0,202 13393 20011 0.00

4a 1188 81 444300 6772 1317.41  -0.295 20483 -15040 008

4h 4752 7288 2551 5393 0740 13992 20065 000

4 80,41 -274.59 -165.62] 16429 0571 20030 -19756 001

4d -832.81 407261 224238 239413 0588 20448 -16375 0 013 030
suncheck | 4209887  wieoq”  203Ess Assumplions
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Fig 5 Reaction loads on the fixture support pads for Step 247

SAE J429 Grade 8 Bolts have been called out for the lift fixture / MCHP interface joints.
SAE values for this grade bolt are 130 ksi yield and 150ksi ultimate stress. Following the
design factors for Design Category A lifting devices (a design factor of 2 against yield)
the maximum bolt allowable tension load would be 35,816 Ibs (using a .8376” minor
diameter for a 1” bolt) which is substantially above the 20,000 Ib preload. Using 1/3 Ftu
as the limit a tension allowable would be 27,551 Ibs. For the condition where the bolts
are inserted into 1-3/8” tapped holes in the Stellalloy casting, the pullout load is 45,897
Ibs given the thread engagement, 34 ksi Stellalloy minimum .2 % yield stress and .9375
mean bolt diameter.
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