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Executive Summary

The station 3 lift fixture is designed adequately. The lift fixture was analyzed using finite element software providing stress distribution estimates. Simulation of station 3 field period assembly revealed maximum load conditions occurred at simulation steps 146, 115, and 146 for lift points 1, 2, and 3 respectively, with corresponding load magnitudes of 17.9, 9.7, and 12.5 kips. These load configurations were analyzed using an estimated weight of 24 kips (half period + lift fixture) along with the load fractions and vectors obtained from the assembly simulation. The highest stressed state occurs from the lift point 1 configuration, which has a maximum Von Mises stress of 13.45 ksi. Based on this result and the NCSX structural standards, the resulting lift fixture safety factor is 2.67. This is greater than the ASME guideline of 2.0. Stress levels for the remaining two configurations were insignificant resulting in safety factors of 16.6 and 15.7 for lift point configurations 2 and 3.
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Objective


The objective of this analysis was to validate the design adequacy of the station 3 lift fixture by estimating the stress distribution and determining the design safety factors. 
Background

Previous estimated weight for the half period (HP) and the lift fixture was 24 kips [1].  Updated computed aided design (CAD) models revalidated this weight [2]. Furthermore, updated simulation of station 3 field period assembly (FPA) reveals maximum load conditions occurring at simulation steps 146, 115, and 146 for lift points 1, 2, and 3 respectively [3].  The corresponding load magnitudes are 17.9, 9.7, and 12.5 kips for lift points 1, 2, and 3. Also note, proof tests are required for all in house fabricated lifting components which include the station 3 lift fixture. Safety standards require proof testing at 125% of the maximum anticipated in service load. Therefore, the required proof test loads for the lift fixture are 22.4 kips, 12.1 kips and 15.6 kips, for lift points 1, 2, and 3 respectively. 

Methods


The material properties used for this analysis are listed in table1. In this analysis it was assumed that the material properties and characteristics are homogenous and uniform throughout the volume of the fixture. CAD models were created using ProEngineer (ProE) software. Finite element models (FEM) were created and linear finite element analyses (FEA) performed using Ansys Workbench (AWB) software. Simulation data, created using Fortran and ProMechanism, was obtained from Excel files [3]. 

ASME BTH-1-2005 Design of Below the Hook Lifting Devices [4] provides guidelines for lift fixture design. The design safety factor recommended is 2.0 [4]. Furthermore, ASME [4] provides the following comments for evaluation of FEA results used in conjunction with BTH-1-2005.

BTH-1-2005 is based on classical strength of material methods. These methods effectively compute average stresses acting on structural / mechanical elements. The effects of stress concentrations are not normally required for static strength of a lifter, but are most important when determining fatigue life.

Peak stresses due to discontinuities do not affect the ultimate strength of a structural element unless the material is brittle. The types of steel on which this Standard is based are all ductile materials. Thus, static strength may reasonably be computed based on average stresses.

Linear FEA will typically show peak stresses that indicate failure. This is particularly true when evaluating static strength. While the use of such methods is not prohibited, modeling of the device and interpretation of the results demands suitable expertise to assure the requirements of this standard are met without creating unnecessarily conservative limits for static strength and fatigue life.

Therefore, the NCSX structural standards [5] were used as a basis for evaluating FEA results. For A36 structural steel with yield strength 36 ksi:
Design Tresca Stress Value (Sm):

Sm equals the lesser of : 
(2/3)Yield Strength

   = 24 ksi


(1/2)Ultimate Strength 
   = 29 ksi.

Stress Allowable Primary Stress + Bending Stress Condition: < 1.5Sm 
   = 36 ksi.
Table 1. Material Properties [6].
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Lift Fixture Structural Analysis


CAD models were created in ProE for the maximum load configurations for lift points 1, 2, and 3. These models were imported into AWB, converted into FEM and used for linear FEA. Refer to table 2 in the appendix for model configuration and load vector data. Figure 1 depicts the load conditions and constraint locations for lift point 1. The bottom surfaces of the hoist blocks (lift fixture-modular coil interface) were fully constrained. NOTE: these constraints were used for all FEA performed. Figure 2 represents the FEA results for the lift point 1 configuration. The maximum Von Mises stress for this configuration is 13.45 ksi. Figures 3 and 4 depict the load conditions and FEA results for the lift point 2 configuration. The resulting maximum Von Mises stress is 2166 psi. Figures 5 and 6 depict the load conditions and FEA results for the lift point 3. The maximum Von Mises stress for this configuration is 2283 psi. Based on the NCSX structural standards, discussed in the Methods section, the limit stress is 36 ksi. Consequently, the design safety factor for the lift point 1 configuration is 2.67. Additionally, the safety factors for configurations 2 and 3 are 16.6 and 15.7 respectively. 
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Figure 1. Station 3 Lift Point 1 Configuration: Loading.
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Figure 2. Station 3 Lift Point 1 Configuration: FEA Results.
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Figure 3. Station 3 Lift Point 2 Configuration: Loading.
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Figure 4. Station 3 Lift Point 2 Configuration: FEA Results.
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Figure 5. Station 3 Lift Point 3 Configuration: Loading.
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Figure 6. Station 3 Lift Point 3 Configuration: FEA Results.

Summary
 
Using an estimated weight of 24 kips (half period + lift fixture) along with the load fractions and vectors obtained from assembly simulations, FEA of the maximum load configuration for each lift point validates the design adequacy of the station 3 lift fixture. The highest stressed state occurs in the lift point 1 configuration, which has a maximum Von Mises stress of 13.45 ksi. Based on this result and the NCSX structural standards, the lift fixture safety factor is 2.67, above the recommended ASME safety factor of 2.0 [4]. Stress levels for the remaining two configurations were insignificant resulting in safety factors of 16.6 and 15.7 for lift point configurations 2 and 3.
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Appendix
Table 2. Lift Point Configuration & Load Vectors.

[image: image8.emf]Maximum Loading at Lift Point 1

LEFT Side Simulation at Step 146

Location Unit Direction Vectors

X Y Z dx dy dz ex ey ez

Pt 1 9.9286 -51.603 86.635810.7467-4.8438 220.9890.04856-0.0219 0.99858

Pt 2 60.2636-61.477 79.1693-39.588 5.0301 228.456-0.1707 0.021690.98508

Pt 3 22.9299-100.22 76.4361-2.2546 43.7693231.189-0.0096 0.18601 0.9825

Hook 20.6753-56.447 307.625

Load ConditionsLoad Vectors

Load % Load Fx Fy Fz

Pt 1 74.7% 17921 870 -392 17896

Pt 2 19.6% 4716 -805 102 4645

Pt 3 5.9% 1405 -13 261 1380

Maximum Loading at Lift Point 2

RIGHT Side Simulation at Step 115

Location Unit Direction Vectors

X Y Z dx dy dz ex ey ez

Pt 1 -0.7347 19.275451.5806 21.41 -75.722 256.0440.07993-0.2827 0.95588

Pt 2 49.518929.348959.3241-28.844 -85.795 248.301-0.1091 -0.3246 0.93952

Pt 3 12.092368.048461.2221 8.583 -124.49 246.4030.03108-0.4507 0.89211

Hook 25.749447.6952285.625

Load ConditionsLoad Vectors

Load % Load Fx Fy Fz

Pt 1 10.5% 2529 202 -715 2418

Pt 2 40.3% 9675 -1056 -3141 9090

Pt 3 49.9% 11984 372 -5402 10691

Maximum Loading at Lift Point 3

RIGHT Side Simulation at Step 146

Location Unit Direction Vectors

X Y Z dx dy dz ex ey ez

Pt 1 -5.3884 27.287248.778426.0637-83.734 258.8470.09537-0.3064 0.94712

Pt 2 44.946637.161156.2449-24.271 -93.608 251.38 -0.0901 -0.3475 0.93332

Pt 3 7.6129 75.900358.978213.0624-132.35 248.6470.04632-0.4694 0.8818

Hook 20.675356.4465285.625

Load ConditionsLoad Vectors

Load % Load Fx Fy Fz

Pt 1 10.0% 2393 228 -733 2267

Pt 2 38.8% 9304 -838 -3233 8683

Pt 3 52.0% 12485 578 -5860 11009
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lift pt1

		Maximum Loading Configuration: Lift Point 1.																LEFT Side Simulation at Step 146

				Location												Unit Direction Vectors

				X		Y		Z		dx		dy		dz		ex		ey		ez

		Pt 1		9.9286		-51.6027		86.6358		10.7467		-4.8438		220.9892		0.048560942		-0.0218876019		0.9985803762

		Pt 2		60.2636		-61.4766		79.1693		-39.5883		5.0301		228.4557		-0.1707018053		0.0216894171		0.9850839877

		Pt 3		22.9299		-100.2158		76.4361		-2.2546		43.7693		231.1889		-0.0095815463		0.1860097473		0.9825011796

		Hook PT		20.6753		-56.4465		307.625

				Load Conditions				Load Vectors

				Load %		Magnitude		Fx		Fy		Fz

		Pt 1		74.7%		17921		870		-392		17896

		Pt 2		19.6%		4716		-805		102		4645

		Pt 3		5.9%		1405		-13		261		1380

		* NOTE: Coordinate System is ACS0





lift pt2

		Maximum Loading Configuration: Lift Point 2.																RIGHT Side Simulation at Step 115

				Location												Unit Direction Vectors

				X		Y		Z		dx		dy		dz		ex		ey		ez

		Pt 1		-0.7347		19.2754		51.5806		26.4841		28.4198		234.0444		0.1116311793		0.1197902058		0.9865033129

		Pt 2		49.5189		29.3489		59.3241		-23.7695		18.3463		226.3009		-0.1041224081		0.0803660546		0.9913121715

		Pt 3		12.0923		68.0484		61.2221		13.6571		-20.3532		224.4029		0.06049991		-0.0901631216		0.9940877086

		Hook PT		25.7494		47.6952		285.625

				Load Conditions				Load Vectors

				Load %		Magnitude		Fx		Fy		Fz

		Pt 1		10.5%		2529		282		303		2495

		Pt 2		40.3%		9675		-1007		778		9591

		Pt 3		49.9%		11984		725		-1081		11914

		* NOTE: Coordinate System is ACS0





lift pt3

		Maximum Loading Configuration: Lift Point 3.																RIGHT Side Simulation at Step 146

				Location												Unit Direction Vectors

				X		Y		Z		dx		dy		dz		ex		ey		ez

		Pt 1		-5.3884		27.2872		48.7784		26.0637		29.1593		236.8466		0.1085743488		0.121469784		0.9866390943

		Pt 2		44.9466		37.1611		56.2449		-24.2713		19.2854		229.3801		-0.1048592797		0.0833186996		0.9909906789

		Pt 3		7.6129		75.9003		58.9782		13.0624		-19.4538		226.6468		0.0573277154		-0.0853780247		0.9946980074

		Hook PT		20.6753		56.4465		285.625

				Load Conditions				Load Vectors

				Load %		Magnitude		Fx		Fy		Fz

		Pt 1		10.0%		2393		260		291		2362

		Pt 2		38.8%		9304		-976		775		9220

		Pt 3		52.0%		12485		716		-1066		12419

		* NOTE: Coordinate System is ACS0





report

		Maximum Loading at Lift Point 1

		LEFT Side Simulation at Step 146

				Location												Unit Direction Vectors

				X		Y		Z		dx		dy		dz		ex		ey		ez

		Pt 1		9.9286		-51.6027		86.6358		10.7467		-4.8438		220.9892		0.048560942		-0.0218876019		0.9985803762

		Pt 2		60.2636		-61.4766		79.1693		-39.5883		5.0301		228.4557		-0.1707018053		0.0216894171		0.9850839877

		Pt 3		22.9299		-100.2158		76.4361		-2.2546		43.7693		231.1889		-0.0095815463		0.1860097473		0.9825011796

		Hook		20.6753		-56.4465		307.625

				Load Conditions				Load Vectors

				Load %		Load		Fx		Fy		Fz

		Pt 1		74.7%		17921		870		-392		17896

		Pt 2		19.6%		4716		-805		102		4645

		Pt 3		5.9%		1405		-13		261		1380

		Maximum Loading at Lift Point 2

		RIGHT Side Simulation at Step 115

				Location												Unit Direction Vectors

				X		Y		Z		dx		dy		dz		ex		ey		ez

		Pt 1		-0.7347		19.2754		51.5806		21.41		-75.7219		256.0444		0.0799287283		-0.2826882377		0.9558759118

		Pt 2		49.5189		29.3489		59.3241		-28.8436		-85.7954		248.3009		-0.1091385693		-0.3246330975		0.9395222854

		Pt 3		12.0923		68.0484		61.2221		8.583		-124.4949		246.4029		0.0310751861		-0.4507400896		0.8921141768

		Hook		25.7494		47.6952		285.625

				Load Conditions				Load Vectors

				Load %		Load		Fx		Fy		Fz

		Pt 1		10.5%		2529		202		-715		2418

		Pt 2		40.3%		9675		-1056		-3141		9090

		Pt 3		49.9%		11984		372		-5402		10691

		Maximum Loading at Lift Point 3

		RIGHT Side Simulation at Step 146

				Location												Unit Direction Vectors

				X		Y		Z		dx		dy		dz		ex		ey		ez

		Pt 1		-5.3884		27.2872		48.7784		26.0637		-83.7337		258.8466		0.0953670634		-0.3063815603		0.947119561

		Pt 2		44.9466		37.1611		56.2449		-24.2713		-93.6076		251.3801		-0.0901143563		-0.3475458101		0.933322727

		Pt 3		7.6129		75.9003		58.9782		13.0624		-132.3468		248.6468		0.0463241987		-0.4693516855		0.881795364

		Hook		20.6753		56.4465		285.625

				Load Conditions				Load Vectors

				Load %		Load		Fx		Fy		Fz

		Pt 1		10.0%		2393		228		-733		2267

		Pt 2		38.8%		9304		-838		-3233		8683

		Pt 3		52.0%		12485		578		-5860		11009






