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Abstract/Summary:

As stated in the introduction to the finite element analysis section of this note, the
MINERvA detector consists of series of closely spaced detector planes. The Water
Detector will be inserted into an eleven inch gap intentionally left between planes in this
Detector. The pulley system that connects the crane hook to the crane cabling is too large
to fit into this eleven inch gap. This means that the insertion of the Water Detector into
the Main detector will have to be a two step process.

First, the crane hook will attached directly to the top of this support structure and the
Water Detector will be lowered onto two temporary support columns that are bolted to
the existing support rails of the main Detector. The support structure will be bolted to the
top of these columns and the crane hook will be removed from the top of the support



structure. Next, a lifting sling will be attached between the crane hook and the lifting
structure. The temporary columns will be removed while the crane is supporting the
Water Detector. Finally, the Water Detector will be lowered into final position and
bolted to the support plates that were bolted to the Main Detector support rails to hold
the temporary columns.

The following manual calculations verify that the support structure will meet both AISC
Steel specifications and ASME Codes. The attached Finite Element Analysis also proves
that the stresses in this support structure are below the allowable for both codes.

Applicable Codes:

Manual of Steel Construction, ASD, Ninth Edition, American Institute of Steel
Construction, Inc. 1989

Design of Below-the-Hook Lifting Devices, ASME BTH-1-2005, American
Society of Mechanical Engineers, 2006

Below-the Hook Lifting Devices, ANSI/ASME B30-20, American Society of
Mechanical Engineers, 1993

Engineering Manual, Fermi National Accelerator Laboratory, 07/09 Edition
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MINERVA 10FT

WATER DETECTOR

LIFTING FIXTURE/SUPPORT

DESIGN

Check McMaster # 2994 T 45 Hoist Ring for imposed load:

From McMaster-Carr Catalog:

Hoist Rings

M#tt«&t Type FdlQa
Finish Plain

Thread $«8/8o>lt Hsle Diameter 3,'r-1

. • . ' .

R.J. WOODS

May 10, 2011

PAPPLIED -2500#

Vertical load on hoist ring = 2500#

Load angle =25.5 degrees

Tension load on hoist ring = PACTuAi=2500/cos 25.5 = 2770# < 5000# working load OK

Use McMaster # 2994 T 45 Hoist ring.
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Minerva Lifting Fixture/Stand
Analysis

By Ingrid Fang and Bob Woods

May 26, 2011



Introduction

The purpose of this analysis is to investigate the
design of a combination lifting fixture and stand
that will be used to install the Minerva Water
Target into the existing Minerva Detector.

The existing Minerva Detector is made up of a
series of closely spaced detector planes. The
Water Target will be installed between an eleven
inch gap in the Detector. Since the building crane
hook will not fit in this gap, the installation will be a
two step process.



The first step will be using this lifting fixture
connected directly to the building crane to position
the target over the gap in the existing detector and
lowering it onto temporary tube supports.

The second step will be removing the crane hook
from the top of the lifting fixture and installing a
sling between the crane hook and the lifting lug of
the lifting fixture. The Target can now be lowered
to its final location resting on the detector support
rails.



Two cases have been studied based on the two
steps required for the installation.

"Case-1" represents the step of aligning the target
over the gap in the existing detector.

"Case-2" represents the lowering of the target to
its final position within the detector.



Table 1
Mesh Density and Loads

Nodes

Case-1 1393684

Case-2 1393684

Elements

597359

597359

Dead Load Live Load (Ibs)
(Ibs)

1132

1132

5000 V + 500 H

5000V

Dead load is the weight of the lifting Fixture/Stand.

V stands for the vertical load of the target.

H stands for a simulated 10% of the vertical load to analyze the frame
stability.



Figure 1a. Meshing
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Figure 2a. Meshing



Figure 3. Boundary Condition
for Case-1

A: Static Structural (ANSYS)_resting case
Static Structural (A5)_resting case
Time: 1. s
5/25/20113; 55PM

0 Acceleration: 386.4 in/s2

[§ Force: 2500. ibf
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gDisplacement_raill
[F] Displacement/ail 1 2
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Figure 4. Boundary Condition
for Case-2

B: Static Structural (ANSYS)_vertical case
Static Structural (A5)_on the hook case (B5)
Time: 1. s
5/25/20114;03PM

[Aj Acceleration: 386.4 in/s2

[B] Force: 2500. Ibf
0 Force 2: 2500. Ibf
[Dj Displacement_pin

z

U ,

40,00 80.00 (in)
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Figure 5. Total Deformation for
Case-1

A: Static Structural (ANSYS)_resting case
Total Deformation
Type: Total Deformation
Unit In
Time: 1
5/25/2011 4:02 PM

0.046586 Max
0.043259
0,039931
0.036603
0.033276
0.029948
0.026621
0.023293
0.019965
0.016638
0.01331
0.0099827
0.0066552
0.0033276
OMin
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20,00 60,00



Figure 6. Total Deformation for
Case-2

B: Static Structural (ANSYS)_vertical case
Total Deformation
Type: Total Deformation
Unit: in
Time: i
5/25/20114:04 PM

0.039953 Max
0,037099
0.034245
0.031391
0.028538
0.025684
0.02283
0.019976
0.017123
0.014269
0.011415
0.0085613
0.0057075
0.0028538
OMin
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Figure 7. von-Mises Stress for
Case-1

A: Static Structural (ANSYS)_resting case
Equivalent Stress
Type: Equivalent (von-Mises) Stress
Unit psi
Time: 1
5/25/2011 5:26 PM

11209 Max
10408
9607.8
8807.2
8006.5
7205.9
6405.3
5604.6

4003.3
3202.7
2402.1
1601.4
800.8
0.15747 Min

20,00 60.00



Figure 8. von-Mises Stress for
Case-2

B: Static Structural (ANSYS)_verticai case
Equivalent Stress
Type: Equivalent (von-Mises) Stress
Unit: psi
Time: 1
5/25/20114:04 PM

10880 Max
10103
9325,6
8548.5
7771.4
6994,2
6217,1
5440
4662.8
3885,7
3108,5
2331.4
1554.3
777.14
0.0027846 Win
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Figure 9. Forces at connections
Geometry
Equivalent Stress
5/25/201H: 11PM

Connection 3

Connection 4

80.00 (in)

Connection 1
0.00
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Figure 10. Local Coordinates at
Connection 3
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Table 2
Loads at the Connection 1

connection 1
(Ibs) (Ibs) (Ibs)

MX (Ibs- My (Ibs- Mz(lbs-in)
in) in)

Case-1-left
side

Case-1-right
side

Case-2-left
side

Case-2-right
side

283 1144 5321 -47768

272 -1153 5422

0

0

0

0

47

-47

47612

10

-10

25318

25141

0

0

-8186

8091

0

0



Table 3
Loads at the Connection2

connection2
(Ibs) (Ibs) (Ibs)

MX (Ibs- My (Ibs- Mz(lbs-in)
in) in)

Case-1-left
side

Case-1-right
side

Case-2-left
side

Case-2-right
side

-250 -2321 -2929 -19976

-250 2321 -2929

0

0

0

0

137

137

19969

-6

-14939

-14936

0

0

6928

-6927

0

0



Table 4
Loads at the Connections

connections
(Ibs) (Ibs) (Ibs)

MX (Ibs- My (Ibs- Mz(lbs-in)

Case-1-left
side

Case-1-right
side

Case-2-left
side

Case-2-right
side

250 -1544 3152

-250 1544 -3152

0

0

401

-401 166

2570

2572

-166 -14511

-14511

4131

4132

0

0

-4418

-4417

0

0



Table 5
Loads at the Connection^ for

Case-1

Case -1 connection4 Fx (Ibs) Fy (Ibs) Fz (Ibs)

Boltl

Bolt 2

217

33

1495

828

623

-176

BoltS 33 -828 -177

Bolt 4 217 -149 623



Conclusions

The maximum stress of the Lifting Fixture/Stand is
11ksi. The maximum displacement of the Lifting
Fixture/ Stand is 0.047 inches. The results shown
above indicates that this proposed design meets
both the ASME B30.20-1993 standard for below-
the-hook lifting devices for "Case-1"and the AISC
Manual of Steel Construction Ninth Edition
requirements for Allowable Stress Design for
"Case-2".
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