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Stress Analysis of Coil Moving Fixture

Introduction and Summary

Bob Wands

MSG-EAR-00270
March 20, 2000

The coils for the far detector will be moved within the cavern using a 62-foot long
aluminum fixture. The load on the fixture is 72 Ib./ft from the coils. A stress analysis
shows that the current fixture is adequate in terms of both stress and stability
requirements, as given in the Aluminum Association handbook.

Geometry

The geometry for the finite element model was based on drwg 9213.300-ME-384634. The

fixture consists of three basic aluminum components:

1. The top beam -- a composite section consisting of one 110x8.76 I-beam and two
(C4x2.5 channels. It is oriented to provide maximum lateral buckling resistance.

2. The trusses - 14x2.64 I-beams.

3. The bottom beam - 18x6.35 I-beam

Section Properties

The section properties for the various components are listed in Table L

Table I. Section Properties

Component Area Ixx Lyy Timin
(in%) (in®) (in*) (in)

Top Beam 11.71 in 15.94 230.75 4.43
Trusses 2.25 “ - 0.58
Bottom Beam 5.4 57.55 373 0.83




Two load casese were considered. The first is when the fixture is supported horizontally at
the ends, and loaded with the coil. The second is the case where the fixture, with coils
attached, is held vertically by one end, as will be the case when the coils are lowered into
the shaft.

It should be noted that the horizontal load case will only be encountered when the coil
fixture is rotated from its vertical position (in which it comes down into the experiment’s
cavern), to the horizontal position. At this time, supports for the fixture will have their
maximum separation. However, during actual crane-handling of the fixture will occur at
lugs welded to the 1/4 points of the top beam.

The Aluminum Association “Specifications for Aluminum Structures” provided the
following allowable stresses in 6062-T6 aluminum:

Tension (all members): S¢ = 19 ksi
Compression (trusses only): For L/r = 48/0.58 = 82.7,

Se = 8.9-0.037(L/r) = 5.84 ks1
Compression (top beam only): Due to the depth of the fixture in the vertical direction, the
failure mode of the top beam is lateral (out of plane) buckling. For conservatism, the
entire 62 foot length is assumed to be undes uniform compression. For L/r = 744/4.43 =
167.9,

Se = 51000/(L/t)* = 1.8 ksi

Fillet Weld Shear

For a 5183 filler alloy and 6061 parent material, the maximuim allowable fillet weld shear
stress is 8 ksi.

Finite Klement Model

Horizontal Load Case

A 2-d beam finite element model was created (Fig. 1). The diagonal braces were modeled
as trusses, which transmit no moment through their connections at the top and bottom
beams.



The fixture was constrained at the endpoints of the top beam of the sixty two foot span.
Distributed forces on the bottom beam simulated the 72 LB/foot coil weight; fixture
weight was automatically included by the program from density, volume, and acceleration
input.

The weight of the fixture alone was calculated by the program as 1500 Ib..

Vertical Load Case

When the fixture is turned vertically, the coil load will produce a moment around the
bottom beam. To simulate this moment, stiff offsets equal to 1/2 the coil package
thickness were added to the beam at several locations, and mass elements were applied to
their free ends. This model is shown in Fig. 2.

Results - Horizontal Load Case

Displacements

The maximum vertical displacement is 0.78 inches, as shown in Fig. 3.

The maximurn tensile stress occurs near the constraints, and is 4.4 ksi. The maximum
compressive stress is 1.3 ksi and occurs at the center of the span.

Both of these stresses are less than the allowable. In addition, the compressive stress
allowable is based on uniform compression in the entire 62 foot span, when in fact, the
compression is a maximum only in the region of the span center.

Trusses

The maximum tensile stress in the trusses is 2.2 ksi. The maximum compressive stress is
1.65 ksi. Both of these stresses occur near the ends of the span, and both are below the
allowable stresses.

Bottom Beam

The bottom beam experiences only tensile stresses, as expected. These are a maximum of
3.3 ksi, which is below the allowable tensile stress.



Results -- Vertical Load Case

Displacements

The vertical displacements for this orientation are very small, because of the very stiff
orientation of the members. The maximum displacement is 0.05 inches.

Top Beam

Stresses in the top beam are negligible for this orientation.
Trusses

Stresses in the trusses are negligible for this orientation.
Bottom Beam

The bottom beam is the most highly stressed for this orientation, as expected. However,
all stresses in the bottom beam are less than 1200 pi.

Weld Forces

The maximum weld forces on the truss/beam connections occur in the horizontal load
case. These forces were extracted from the nodal forces of the model. The maximum force
acting on a weld between the trusses and beams is 5600 Ib..

The present design specifies a 1/2 in fillet weld around the perimeter of the truss. This
weld length is a minimum for the vertical truss members. For a 4x2.64 I-beam, the
perimeter is 13.28 inches. The resulting fillet weld stress area is 4.69 inches. This gives a
working stress of 1194 pi. This is well below the maximum allowable shear stress of 8 ksi.
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BELOW-THE-HOOK LIFTING DEVICE
Engineering Note Cover Page

ADpErsuM T f35
Lifting Device Numbers:
FNAL Site No.: Div. Specific No.: |25 Asset No.
if applicable if applicable if applicable
ASME B30.20 Group: / Structural and Mechanical Lifting Devices
(check one) Vacuum Lifting Devices

¥ Group Il Magnets, Close Proximity Operated
¥ Group IV Magnets, Remote Operated

LIEYe FAyxnved

. . TRy
Device Name or Description: /~&4 A

Device was: ¥ Purchased from a Comimercial Lifting Device Manufacturer
mfg. name:
(check all applicable) < Designed and Built at Fermilab }

Designed by Fermilab and Built by a Vendor

Assy drawing number:
¥ Provided by a User or Other Laboratory
” Other. Describe:

Engineering Note Prepared by:

Engineering Note Reviewed by:
Lifting Device Data:
Capacity:

Fixture Weight:

Service: " heavy " severe (refer to B30.20 for definitions)
Duty Cycle: 8,16 or 24 hour rating (applicable to groups III, and IV)
Inspections Frequency:

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:

Fermilab ES&H Manual 5022.1TA -1
Draft Rev. 2/98
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Revision 1.0

Particle Physics Division 1/21/1999
Engineering and Technical Teams

Mechanical Support Engineering Note

Number:  Addendum No2, lifting fixture 135  Date:

Project: Minos Project Internal Reference:

Title: Lifting lug and outrigger casters
Author(s): Jim Kilmer

Reviewer(s): i@f” q 4

/
.
vy

Key Words:

Abstract/Summary:

This addendum describes an addition to lifting fixture number 135 that is the fixture for
handling the Minos Near Coil pieces. The lifting lug in the addendum corrects an
instability in the lift from horizontal to vertical. The outriggers allow the fixture to be
used to support the fixture and coil parts off the floor for transport.
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