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BELOW-THE-HOOK LIFTING DEVICE
Engineering Note Cover Page

Lifting Device Numbers: 
	FNAL Site No/
	
	Div. Specific No.
	197
	Asset No.
	

	
	If applicable
	
	If applicable
	
	If applicable


ASME B30.20 Group: 	[ ] Group I	Structural and Mechanical Lifting Devices
	(Check one)	[X] Group II	Vacuum Lifting Devices 
[ ] Group III	Magnets, Close Proximity Operated
[ ] Group IV	Magnets, Remote Operated

	Device Name or Description
	NASA Vessel Cover Lifting Fixture



	Device was
	[ ]  Purchased from a Commercial Lifting
      Device Manufacturer.                  Manufacturer Name:
	

	(check all applicable)
	[]  Designed and Built at Fermilab
	

	
	[ ]  Designed by Fermilab and Built by a
      Vendor.                   Assembly drawing number
	

	
	[X ]  Provided by a User or other Laboratory
	

	
	[ ]  Other:  Describe
	



	Engineering Note Prepared by
	D. Pushka
	Date
	8-20-2014

	Engineering Note Reviewed by
	
	Date
	


Lifting Device Data:
	Capacity
	2100 pounds (1.1 ton)

	Fixture Weight
	30 pounds


Service:		[X] normal		[ ] heavy	 [ ] severe  
(refer to B30.20 for definitions)
	Duty Cycle
	__n/a_____ 8, 16 or 24 hour rating (applicable to groups III, and IV)

	Inspections Frequency
	Prior to each use

	Rated Load Test by FNAL (if applicable)
	Date
	
	Load
	

	 [ ] Check if Load Test was by Vendor and attach the certificate
	
	
	
	

	Satisfactory Load Test Witnessed by:
	

	Signature (of Load Test Witness)
	


Notes or Special Information:.


	[image: ]
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Project: 	 NASA Vessel Cover lifting fixture ID 197 

Title:	Lifting fixture

Author(s):		Dave Pushka

Reviewer(s):	

Key Words:  		Lifting fixture

Applicable Codes: 	FESHM 5022, ASME B30.20, ASME BTH

Abstract Summary:  

FESHM 5022 requires lifting fixture calculations to show conformance with B30.20.  These are included here.  Calculations to show conformance with the relatively new and far more detailed ASME BTH are also included.





Fermilab Engineering Manual Requirements:

Chapter 1:  	The specification is given by FESHM 5022 requiring a lifting fixture engineering note for this object.
Chapter 2:  	Risk analysis has not been formally prepared.  Lifting fixture engineering notes are prepared to show that a lifting fixture can be deemed ‘low risk’.  
Chapter 3:  	Written requirements and specification reviews have not been formally prepared.
Chapter 4: 	This engineering note has been specifically prepared to address chapter 4 of the engineering manual.  
Chapter 5: 	The ‘reviewed by’ signature on the cover page of this document addresses Chapter 5 of engineering manual.  
Chapter 6: 	No materials were purchased as part of the preparation of this document.  The fixture was obtained via a purchase requisition. 
Chapter 7:  	See the lifting fixture load test sign off.  
Chapter 8: 	This lifting fixture is released to operations is required after successful load test and sign off.
Chapter 9:  	Unless there are lessons learned from this effort, this engineering note and the other material posted in a docdb or in Team Center will be considered the final written Project Report as described in Chapter 9.  This note will be placed in a document data base and / or Team Center as a means of Archiving and Control.


Discussion:
This fixture was provided with a vessel obtained from NASA via the government surplus list.  Below is a photograph of the fixture mounted on the top flange.  It has a single center lifting point and 4 attachment points to the top flange.
[image: ]
Design Capacity:

Theoretical top flange weight = 742.5 pounds

The empty vessel (top flange, bottom flange, shell, nozzles and blind flanges on the nozzles) weighs 2072.9 pounds.

These weights are calculated in a spreadsheet titled “NASA Vacuum Vessel Weight and Volume Calculations”

A second sheet in the same spreadsheet is used to generate the calculations pasted in below.

NASA documentation on the fixture indicates that the fixture was rated at 1000 pounds:[image: ]

Since the fixture could be used to lift the entire vessel assembly, evaluate for a load of 2100 pound to determine if suitable.





Calculations for Lifters ID numbers 197
ASME BTH Lifter Design Category:	Category A
ASME BTH Lifter Service Class:		Class 0 (0 to 20,000 load cycles)
ASME BTH Lifter Static Design Basis, 	Nd = 2.0


Beam Calculations:
Design Inputs:
Design capacity, 			P = 2100 pounds
Span,				 L = 31 inches
Beam Material: 			carbon steel
Size:	½” thick by 3.5 inch deep plate
Qty of sections:  	Qty = 4
Allowable stress per ASME B30.20: 	σ allowable = Fy /3 = 30,000 psi / 3 = 10,000 psi.
Allowable stress from ASME BTH section 3-2.3.3 Strong Axis Bending of Solid Rectangular Bars:

		Beam Weldment:
	
	
	

	Check for Capacity = 
	2100
	pounds
	

	ASME BTH lifter design basis,  Nd
	2
	
	

	ASME BTH section 3-2.3.3
	
	
	

	
	
	
	

	Young's Modulus, E
	         29,000,000 
	psi
	

	Yield Stress, Fy
	                 30,000 
	psi
	assumed conservative value

	
	
	
	

	depth, d
	3.5
	inches
	

	thickness, t
	0.5
	inches
	

	Length braced, Lb
	15.5
	inches
	

	
	
	
	

	eqn 3-19:    Lb* d/t^2
	217
	
	

	eqn 3-19:    0.08*E/Fy
	77.3
	
	

	Lb*d/t^2>0.08*E/Fy
	
	
	

	therefore, eqn 3-20 does not apply
	
	
	

	
	
	
	

	eqn 3-21: 1.9*E/Fy
	1837
	
	

	
	
	
	

	Therefore, eqn 3-22 applies to set Fa
	
	

	
	
	
	

	Cb, bending coefficient dependent upon moment gradient (para. 3-2.3.2)
	
	
	

	
	
	
	

	Cb = 1.75 + 1.05*(M1/M2)+0.3*(M1/M2)^2 < 2.3
	
	

	
	
	
	

	M1 = small bending moment
	
	
	

	M2 = larger bending moment
	
	
	

	
	
	
	

	M1 = 1 (pin connection at far end)
	
	
	

	M2 = P* a
	
	
	

	a = 15.5 inches
	15.5
	inches
	

	P = 
	525
	pounds
	

	M2 = P* a
	8137.5
	in-lbs
	

	M1/M2 = 0
	
	
	

	Therefore, Cb = 
	1.75
	
	

	
	
	
	

	eqn 3-22:
	
	
	

	Lb*d/(t^2)
	217
	
	

	Fy/E
	0.001034483
	
	

	0.274*(  Lb* d/t^2)*Fy/E
	0.061508276
	
	

	1.52-[0.274*(  Lb* d/t^2)*Fy/E]
	1.458491724
	
	

	Cb* (1.52-[0.274*(  Lb* d/t^2)*Fy/E])
	2.552360517
	
	

	Fy/Nd
	                 15,000 
	
	

	
	
	
	

	Fb = Cb*[1.52-0.274*(Lb*d/t^2)]*Fy/E*Fy/Nd < 1.25*Fy/Nd
	

	Fb = 
	                 38,285 
	
	

	1.25*Fy/ Nd = 
	                 18,750 
	
	

	Allowable Bending Stress, Fb = the lessor of the two above values
	
	
	

	
	
	
	

	Therefore, the allowable bending stress is:
	                 18,750 
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	Determine the bending moment:
	
	
	

	Treat each plate as a simply supported beam with a center point load of half the fixture total load:
	
	
	

	
	
	
	

	Span of simply supported beam, L
	31
	inches
	

	Point load, P
	1050
	pounds
	

	Bending Moment M = Pl/4
	
	in pounds

	Maximum bending moment, M
	8138
	inch pounds

	Moment of inertia, I
	1.79
	in^4
	

	y = 3.5 / 2
	1.75
	
	

	Bending stress, sigma
	
	
	

	sigma = M*y/I
	7971
	psi
	

	
	
	
	

	Combine stresses in both members (square root of the sum of the squares):
	11273.3
	psi
	



	
	

	
	
	

	
	
	




Bolting:
Four 1/2 inch bolts each in double shear share the load:  These bolts are acting as pins.  See section 3-2.3.6
	Pins (bolts) Per  Section 3-2.3.6
	
	

	
	
	

	For A307 bolting, Fy = 
	                 45,000 
	psi

	from above section, Nd = 
	2
	

	Use eqn 3-28 to get Allowable shear, Fv = 
	                 12,990 
	psi

	
	
	

	Determine shear stress for gross area
	

	diameter, in
	0.5
	inches

	Gross Area, (sq in)
	0.196
	sq inches

	Load per pin (bolt)
	525
	pounds

	Number of Shear planes
	2
	

	Load per shear plane
	262.5
	pounds

	Shear Stress in each shear plane
	1337
	psi

	
	
	

	Actual shear stress < allowable shear stress, therefore, Ok

	
	
	

	check based on thres area of 1/2-13 threads in the shear plane:

	Net Area, (sq in)
	0.126
	sq inches

	Shear Stress in each shear plane
	2088
	psi

	Actual shear stress < allowable shear stress, therefore, Ok



¼ inch Plates between beam weldment and the vessel top plate lifting lugs:  8 plates, 1.75 inches wide by ¼ inch thick by 4” long with 9/16 inch diameter holes connect the beam weldment to the lifting lugs on the vessel top plate.

		Plates to connect Beams to Top Plate Lifting Lugs:
	
	

	
	
	
	

	See Section 3-2.1 Tension Members:
	
	

	Yield Stress, Fy
	                 30,000 
	psi
	assumed conservative value

	Tensile Ultimate Stress, Fu
	                 50,000 
	psi
	assumed conservative value

	from above section, Nd = 
	2
	
	

	Ft = Fy/Nd
	                 15,000 
	psi
	

	Ft = Fu/(1.2Nd)
	                 20,833 
	psi
	

	
	
	
	

	Use the lesser value, Ft = 
	                 15,000 
	psi
	

	
	
	
	

	eqn 3-28 Allowable Shear, Fv =
	                 12,990 
	psi
	

	
	
	
	

	Width
	1.75
	inch
	

	thickness
	0.25
	inch
	

	Gross Area
	0.4375
	sq inches
	

	bolt hole diameter
	0.5625
	inch
	

	Area less bolt hole
	0.296875
	sq inches
	

	Number of plates
	8
	
	

	Total load from above
	2100
	pounds
	

	load per plate
	262.5
	pounds
	

	Tensile stress:
	884
	psi
	

	
	
	
	

	Actual tensile stress << the allowable tensile stress, therefore, Ok

	
	
	
	

	Check Block tearout for bolt bearing area:
	
	

	
	
	
	

	depth of area from bolt center line to edge of plate:
	1.125
	in
	

	thickness
	0.25
	inch
	

	number of shear planes for block tearout:
	2
	
	

	Load per shear plane
	131.25
	pounds
	

	block tearout Shear Stress:
	466.7
	psi
	

	
	
	
	

	Actual block tearout stress << the allowable shear stress, therefore, Ok



	
	

	
	
	
	

	
	
	
	

	

	Welds between the two arms and the center plate:
	
	
	

	
	
	
	

	Weld length
	3.5
	inches
	

	Fillet weld size
	 1/4
	inch
	

	Number of fillet welds per plate
	2.0
	
	

	Shear load on the weld group:
	525.0
	pounds
	

	
	
	
	

	Fillet weld area 2* (0.707*L*W)
	1.2
	sq in
	

	Fillet weld shear stress
	424.3
	psi
	

	
	
	
	

	Assume fillet weld tensile yield strength
	                 60,000 
	psi
	

	Allowable shear stress from AISC
	                 18,000 
	
	

	Allowable shear stress from ASME BTH = Fv = 0.6*Exx/(1.2*Nd)
	                 15,000 
	psi
	

	
	
	
	

	Weld shear stress is much less than the allowable stress, therefore, Ok




The center lug:
	Center Lifting Hole:
	
	
	

	
	
	
	

	Hole diameter, in
	1.75
	inch
	

	Lug outside diameter
	4.25
	inch
	

	Lug thickness, in
	0.5
	inch
	

	Load on Center Lug 
	2100
	pounds
	

	Tensile Area, in2
	1.25
	sq in
	

	Tensile stress, psi
	1680
	psi
	

	Shear Area per plane
	0.625
	sq in
	

	Number of shear planes
	2
	
	

	shear Area, total
	1.25
	sq in
	

	Shear Stress
	1680
	psi
	

	
	
	
	

	Use the allowable tensile stress calculated above:
	                 15,000 
	psi
	

	
	
	
	

	Use the allowable shear stress calculated above:
	                 12,990 
	psi
	

	
	
	
	

	
	
	
	

	Actual tensile stress << the allowable tensile stress, therefore, Ok

	Actual block tearout stress << the allowable shear stress, therefore, Ok






FEA Boundary Conditions for Beam Weldment:
[image: ]
Material is 1020 hot rolled steel.
2100 pound total load applied to the four bolt holes, shown in red
A Fixed displacement restraint was applied at the center pin; (Fixed translation = 0 in X, Y and Z) applied to the small area at the top of the center lifting hole.
[bookmark: _GoBack]Mesh used Tetra10 elements.  Meshed with 0.25 inch size elements for a total of 7363 elements.



FEA Simulation Results for Beam Weldment:
Von-Mises Stress:
[image: ]
Maximum von-Mises stress is approximately 7300 to 8100 psi.  This is consistent with the hand calculation value of about 7900 psi for a simply supported beam in bending with a 1050 pound centered load.

Displacement in the vertical direction (direction of load):
[image: ]
Maximum deformation is 0.02 inches.
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