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Introduction

The CDF EM Lifting fixture is a device designed to hoist and rotate the
EM calorimeters into position with respect to the remainder of the plug structure.
This document includes the design calculations, stress analysis, load test results,
and welding procedures for this device.

Per the FNAL ES&H manual, below the hook devices are to follow ANSI
B30.20, requiring that any device shall be designed with a minimum safety factor
of 3 based on yield, and load tested to 125% of the design load.

The EM lifting fixture rigging drawing (2563.052-ME-332636) which
follows shows the general configuration for the lift and rotation for the EM. The
EM and this fixture are supported from spreader bar PPD#10, rated at 22 tons.
The main load is transmitted through wire rope, of diameter 1.125”, rated at 10
tons each. Rotation is achieved using 4 chains, each rated at 1.5 tons minimum.
And the fixture itself transmits the loads from the main pivots o bolted friction
joints, which connect the fixture to the EM.

Stress Analysis Summary

Spreader Bar

The spreader bar is an existing PPD spreader rated at 22 tons. Our design
load is 15 tons. The weight of the EM calorimeters fully loaded is 13 tons, and
the EM lifting fixture weighs 1.4 tons.

Main Load Ropes

The custom slings were ordered from John Sakash (Chicago, IL), as 1.125”
diameter wire rope load tested to 125% of 7.5 tons lbs before delivery. From their
catalog, their standard rating for wire rope of this diameter is 10 tons.

Rotation Lines

Rotation chains and associated hardware are specified to have a minimum
rating of 1.5 tons. The maximum load expected across all 4 of the lines, summed,
is less than 1 ton. The come alongs and hoist rings are standard industrial items.

Lifting Fixture

The stresses found through ANSYS calculation and hand calculation show
that the stresses in the lifting fixture box beam never exceed 4010 psi, in any
orientation.

The maximum stress in the pivot is 5806psi, assuming the lift line slides
out to the maximum extent possible. The maximum stress in any weld around
the pivot is 7389 psi. These values are the highest in the fixture at any rotation or



position, and are calculated for the worst possible position of the wire rope on
the pivot.

The maximum load transmitted through any one of the fixture to EM bolt
joints occurs at a rotation of 45 degrees and is 11,500 Ibs in shear. Preload at each
joint is provided by 3 bolts, with a minimum yield stress of 200ksi. Models of
this joint were tested in the Instron at the Materials Development Lab, and the
average slip strength of the fastened joint (for 1 bolt) is 14,700 Ibs. Note this is
not the ultimate failure point of the joint, which instead is typically above 20,000
Ibs.

Detailed notes on each of the above follows.



Section 1. Illustrations of the Lifting Fixture

And Drawing Package
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Section 2. Spreader Bar and Main Rope

Summary

The spreader bar used is existing PPD Spreader bar #10, rated at 22 tons.

The wire rope is 1.125” diameter, procured from John Sakash Co. of Chicago.

From their catalog, each is rated at 10 tons
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LENGT

MECHANICAL
SPLICE

Single Part, Mechanical Splice Slings. . . INRC . .. IPS

Eyes are formed using the flemish eye splice. Ends are
secured by pressing a metal sleeve, either steel or aluminum, over
the ends of the strands of the splice. Pull is directly along the
centerline of rope and eye. Gives most efficient use of rope
capacity, is economical.

Flemish Eye Splice

In the standard flemish eye me-
chanical splice, rope is separated
3 adjacent
strands, and 3 adjacent strands
These two parts are
in opposite

into

and core,

then

WO parts

re-laid  back
directions to form an eye, and
ends are secured with a pressed

metal sleeve,

Swaging Provides
Postive Grip

This
sleave
shows
into

to

from

cutaway
swaged

how
valleys

positively

of a
onto @

metal
between

prevent

unlaying when
used  within

its rated capacity.

The chart below lists the capacities and sizes of the
most common slings. We welcome the opportunity to
quote your special requirements. Latch Hook Kits are

< available.
R
Rated Capacity ( tons 2000 1hs.) =
. Basket Hitch
Eye Size /\ A /:%‘Tg?“’\
Rope Size (in.) Recommended Straight Choker v Al -
(in.) W I Minimum Length Pull Hitch** | Vertical 50° 45° 30°
% 3 5] 18" .56 42 1.1 .97 79 .56
s 3 5} 1107 .87 .65 1.7 1.8 1.2 87
% 3 (¢} 1 10n 1.2 .83 2.5 2.2 1.8 1.2
Vs 4 8 2" 4" 1.7 1.3 3.4 2.9 2.4 i.7
% 4 8 2' 8" 2.2 1.6 4.4 3.8 3.1 2.2
%is 4 8 2'8" 2.8 2.1 5.5 4.8 3.9 2.8
% 5 10 32 3.4 2.6 6.8 5.9 4.8 3.4
A 6 12 38" 4.9 3.6 9.7 8.4 6.9 4.9
A 7 14 4' 4" 6.6 4.9 13.0 11.0 9.3 6.6
i 8 16 4' 10" 8.5 6.4 17.0 15.0 12.0 8.5
1Y 9 18 56" 10.0 7.8 21.0 18.0 15.0 10.0
1% 10 20 g 2" 13.0 9.6 26.0 22.0 18.0 13.0
1% 11 22 6’ 10" 15.0 12.0 31.0 27.0 22.0 15.0
1% 12 24 7' 4" 18.0 14.0 37.0 32.0 26.0 18.0
1% 14 28 8' 6" 25.0 18.0 49.0 43.0 35.0 25.0
2 16 32 g' 10" 32.0 24.0 64.0 55.0 45.0 32.0
 RATED CAPACITIES BASKET HITCH BASED ON D2d RATIO OF 15
RATED CAPACITIES BASED ON PIN DIAMETER NO LARGER THAN NAT URAL EYE WIDTH OR LESS THAN TTH NOMINAL
SLING DIAMETER
RATED CAPACITIES BASED ON DESIGN FACTOR OF §
HORIZONTAL SLING ANGLES LESS THAN 30 DEGREES SHALL NO'T BE USED Rarted Capacitios showa apply iy to 6319 wad 637 dussification wire tope,

**When angle of choke (< AC) 15 less than 135° capacity s reduced




Section 3. Lifting Fixture

Summary

This section describes the model and results from the model and analytical
calculations for the lifting fixture. The maximum stresses in the box beam is shown to be
on the order of 4010psi, and in the pivot 5806 psi. The maximum stress in the pivot
attachment weld is calculated to be 7389 psi. The maximum load through one of the four
fixture to EM connections is seen to be 11,5001b shear (with the tensile load being much

less than the preload on the joint).



Em Lifting Fixture Engineering Note

EM LIFTING FIXTURE STRESS ANALYSIS

The EM Lifting Fixture was analyzed for stress conditions to comply with
ANSI/ASME Standard B30.20 for Below-The-Hook Lifting Devices. The code requires
that the general construction of the lifting device “shall be designed to withstand the
forces imposed by its rated load , with a minimum design factor of 3, based on yield
strength, for load bearing structural components”. The EM lifting fixture design load is
30,000 lb. to be applied at several bolt locations on the perimeter of the fixture and
through the center cone of the EM Detector.

The Lifting Fixture will be used to pick up the EM detector from the floor in the
horizontal position, rotate the detector through 90 degrees and then hold the detector
while it is mounted to the CDF End Plug in the detector hall at CDF. The stress analysis
of the framework weldment started using ANSYS Finite Element Analysis and backed
by hand calculations. The original model included three load cases, one in which the EM
is horizontal, with support to the lifting fixture at the center, one with the EM horizontal
supported only at the 4 bolt joints around the perimeter, and one with the EM in the
vertical position and supported at the 4 bolt joints around the perimeter. In addition, the
model was rotated in 15 degree increments to understand the bolt joint loads as a
function of angle.

The final model uses Shell63 elements to model the BEM Detector -6 plate
and center cone and Beam4 elements to model the structural tubing of the lifting fixture.
The loading is applied by adding density to certain shell elements which apply the correct
forces and moments to the EM -6 plate and the structural tubing. The load is varied by a
gravity vector which simulates a rotation of 90 degrees in 15 degree increments.

The critical portions of the design are the stresses in the box beam itself, the
design of the pivot, and understanding the bolted joint mechanics. Within the box beam,
ANSYS calculated stresses are around 4010psi maximum. This is corroborated by a
boundary value had calculation which has the EM supported only at the center
attachment to the lifting fixture, while the load to the spreader bar are transmitted

through the pivots.



Em Lifting Fixture Engineering Note

The pivot design is a modification of the previously existing one, and is
straightforward, with a safety factor greater than 5 to the yield stress of the pivot
material, for the worst load case condition. The peak weld stress is calculated in the
attachment weld of the pivot to the remainder of the structure, at 7389psi.

The bolt loads are calculated in the ANSYS model assuming the full load is taken
only through the bolt joints at all times, with no contribution from the center support.

A great deal of the effort has been spent to verify the theoretical predictions and

will be presented in section 9 of this paper.

ELEMENT TYPES

Beam4 Elements, used for all structural tubing.

Shell63 Elements, used for -6 plate and center tube

REAL CONSTANTS
REAL CONSTANT SET 1, used for -6 plate

2.0000  2.0000  2.0000 20000 0. 0. 0. 1.0000 1.0000 0. 0. 0.
REAL CONSTANT SET 2, used for center tube

1.6000  1.0000  1.0000  1.0000 0. 0. 0. 050000 0.50000 0. 0. 0.
REAL CONSTANT SET 3, used for structural tubing

19.000  286.60  286.60  10.000  10.000 0. 0. 57320 0. 0. 0. 0.
REAL CONSTANT SET 4, used for structural tubing ’

19.000 28660  286.60 10000  10.000 0. 0. 57320 0. 0. 0. 0.
REAL CONSTANT SET 5, used for pivot shaft

12.566 12566 12566  4.0000  4.0000 ¢ 0. 25133 0. 0. 0. 0.

MATERIAL PROPERTIES
MATERIAL NUMBER 1, used for siructural tubing.
EX = 0.28000E+08
NUXY = (0.30000
MATERIAL NUMBER 2, used for -6 plate and massless center tube.
EX = 0.28000E+08
NUXY = 0.30000
MATERIAL NUMBER 3, used for load generating cenier tube.
EX = 0.90000E+08
NUXY = 0.30000
DENS = 15.177



Em Lifting Fixture Engineering Note

The results of the ANSYS models show that the maximum stress occurring within
the 10 x 10 x 1/2” wall structural tubing occurs when the gravity vector is at 0 degrees
(i.e.: The Horizontal Position) with a maximum positive stress of 3021 PSI, at 45 degrees
this reduces to 2104 PSI, and further reduces to 2429 PSI at 90 degrees. Listings of the
element tables for the structural tubing for the 0 degree, 45 degree and 90 degree gravity
vector cases follow in the appendix.

The highest loading conditions occur at the bolted joint locations. The loads
which the stem plate connection bolts will see during these worst case models are of
extreme interest to us.and have driven the design of this fixture. Each connection point
has 3 high strength 200 KSI (min) yield bolts per 4 connection points for a total of 12
bolts.

| Loads and stresses on detailed structures such as pivots, center cone post, spacers,

stem plate, are treated analytically and follow as individual calculations.

The choice of whether the center cone support is used or not is driven by the
deflection of the EM in the horizontal orientation, and will be determined with the
assistance of the CDF Plug Physicists. There is no hard and fast number for the
allowable deflection limit. We have lifted the EM through simple hoists, always in the
horizontal position with 4 pick points, with either 60 degrees or 30 degrees between the
closest connections, without any problems. The fixture attaches with 30 degrees between
the connections, so the deflection can be expected to increase on the order of the cube of
the ratio of the maximum span across the device. The deflection plots included show the
center support can reduce the maximum deflection by about 50%, to 0.110”, by
minimizing the deflection in the line of the fixture, but with the deflection in the
direction perpendicular to the line of the fixture remaining. During the trial lift, we

propose to NOT use the center support system, and evaluate the situation afterwards.
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Em Lifting Fixture Engineering Note

Calculations for the Pivot, Stem plate, and boundary calculation on the stress in

the box beam.
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Statically Loaded Structures/ 177

Table 8.1

Allowable Stresses in Welds (see 8.4.1)

Type of Required Weld
Weld Stress in Weld! Allowable Stress Strength Level?
Tension normal to the Same as base metal Matching weld metal shall be
effective area used. See Table 4.1,
Weld metal with a strength
Complete level equal to or one classi-
joint Compression normal to the Same as base metal fication (10 ksi[ 69 MPa]) less
penetration | effective area than matching weld

groove welds

metal may be used.

Tension or compression parallel
to the axis of the weld

Same as base metal

4

Shear on the effective areas

0.30 X nominal tensile strength
of weld metal, except shear
stress on base metal shall not
exceed 0.40 > yield strength of
base meial

Weld metal with a strength
level equal to or less than
matching weld metal may
be used.

Compression Joint not
normal to designed to
effective area bear

0.50 x nominal tensile strength

of weld metal, except stress

on base metal shall not exceed
0.60 x yield strength of base metal

Joint designed
to bear

Same as base metal

Partial joint
penetration

Tension or compression parallel
to the axis of the weld3

Same as base metal

Weld metal with a strength

groove welds

Shear parallel to axis of weld

0.30 x nominal tensile strength
of weld metal, except shear
stress on base metal shall

not exceed €.40 X yield strength
of base metal

level equal to or less than
matching weld metal may be
used.

Tension normal to effective area

0.30 X nominal tensile strength
of weld metal, except tensile
stress on base metal shall not
exceed 0.60 X yield strength of
base metal

Shear on effeciive area

0.30 X nominal tensile strength

Fillet of weld metal Weld metal with a strength
welds level equal to or less than
maiching weld metal may be
Tension or compression parallel Same as base metal used.
10 axis of weld?
0.30 x nominal tensile strength Weld metal with a strength
Shear parallel to faying of weld metal, except shear level equal to or less than
Plug and surfaces {on effective area) stress on base metal shall maiching weld metal may be
slot welds not exceed 0.40 X yield strength used.

of base metal

Notes:

1. For definition of effective area, see 2.3.

2. For matching weld metal, see Table 4.1,
3. Fillet weld and partial joint penetration groove welds joining the component elements of built-up members, such as flange-to-web connections,
may be designed without regard to the tensile or compressive

stress in these elements parallel to the axis of the welds.




Dynamically Loaded Structures/ 187

Tabie 9.1
Allowable Stresses in Welds (see 9.3.1)
Type of Required Weld
Weld Stress in Weld' Allowable Stress Strength Level?
Tension normal to the Same as base metal Matching weld metal must be
effective area used. See Table 4.1.
Weld metal with a strength
Complete level equal to or one classi-
joint Compression normal to the Same as base metal fication (10 ksi [69 MPa])
penetration effective area less than matching weld

groove welds

metal may be used.

Tension or compression parallel
to the axis of the weld

Same as base metal

Shear on the effective area

0.27 x nominal tensile strength
of weld metal, except shear
stress on base metal shall not
exceed 0.36 X yield strength of
base metal

Weld metal with a strength
level equal to or less than
matching weld metal may
be used.

Partial joint
penetration
groove welds

Compression
normal o
effective area

Joint not
designed to
bear

0.45 X nominal tensile strength
of weld metal, except stress
on base metal shall not exceed

0.55 x yield strength of base metal

Joint designed
{0 bear

Same as base metal

Tension or compression parallel
to the axis of the weld

Same as base metal

Shear parallel to axis of weld

0.27 X nominal tensile strength
of weld metal, except shear
stress on base metal shall

not exceed 0.36 X yield strength
of base metal

Tension normal to effective ares

0.27 x nominal tensile strength
of weld metal, except tensile
stress on base metal shall not
exceed 0.55 X yield strength of
base metal

Weld metal with a strength
level equal to or less than
matching weld metal may be
used.

Shear on effective area

0.27 x nominal tensile strength
of weld metal

Weld metal with a strength

Fillet level equal to or less than
welds matching weld metal may
X . be used.
Tension or compression parallel Same as base metal
to axis of weld
0.27 x nominal tensile strength Weld metal with a strength
Plug and Shear parallel to fgying of weld metal, except shear level egual to or less than
slot welds surfaces (on effective area) stress on base metal shall matching weld metal may be

not exceed 0.36 X yield strength
of base metal

used.

1. For definition of effective area, see 2.3.

2. For matching weld metal, see Table 4.1.

3. Fillet weld and partial joint penetration groove welds joining the comp
may be designed without regard to the tensile or compressive stress in

onent elements of built-up members, such as flange-to-web connections,
these elements parallel to the axis of the welds.
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Em Lifting Fixture Engineering Note

Bolt Joint Loads

The following are plots and the data tables extracted from the ANSYS model
which show the maximum loads transmitted through the EM / Lifting Fixture
connections.

The peak load occurs through the lower connection, and is 11,500 1bs in shear.

The bolted joint design (repeated 3 times at each connection, for a total of 12
joints around the device) is described, including the design of the spacer which is sized to

keep the joint from opening due to any bending effects.
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Rotation CDF EM

Bolt Loads Through 90 Degree Rotation (Worst Case Possible) i
Eric Haggard TS-Eng 7-3-97
Top Connection Point Rotation 4] 15 { 30 45 : 60 75 90
l.oad Case Componenis Fx' -9416 -8763.8  -7514.3 . -5752.7 | -3509.1 -1200.2 1280.5
Fy' 7478.6 6488.1 | 5055.3 3278 1277.4 | -810.28 = -2842.8
Fz' 4645.6 2394.7 -19.5486 -2432.4 -4679.5 -6607.7 | -8085.5
Joint Internal Bending Moment My 3739 3244 2528 1639 639 -405 -1421
Joint Internal Bending Moment Mz’ 2323 1197 -10 -1216 + -28340 -3304 -4043
Joint Internal Bending Stress Sigma Y' 1891 1640 1278 829 323 -205 -719
Joint Internal Bending Stress Sigma 7' 2188 1128 -9 -1146 -2204 -3112 -3808
Load Normal Stress (+ opens gap) Sigma Normal 1202 1119 959 734 459 163 -163
Bottom Connection Point Rotation 0 15 30 45 60 75 90
Load Case Components Fx' -9416 -9426.7 -8794.8 -7563.6 -5817 -3673.9 -1280.5
Fy' 7478.6 7959.6 7898 7298.3 6201.2 4681.5 | 2842.8
Fz' -4645.6 -6580.1 -8066 -9002.3 | -9325.1 -9012.4 ! -8085.5
Joint Internal Bending Moment My 3739 3980 3949 3649 3101 2341 1421
Joint Internal Bending Moment Mz' -2323 -3290 -4033 -4501 -4663 | -45086 -4043
Joint Internal Bending Stress Sigma V' 1891 2012 1997 1845 | 1568 1184 719
Joint Internal Bending Stress Sigma Z' -2188 -3099 -3799 -4240 -4392 -4244 | .3808
Load Normal Stress (+ opens gap) Sigma Normal 1202 1203 1128 965 742 469 163
BOLTED JOINT CONNECTION ) !
Spread Sheet to Calculate Required Bolt Preload :
Spacer Area (in"2) 2.6116
lzz (in"4) 0.9953
lyy (in*4) 2.7195
Spacer Dist. Extreme Fiber (12z) 0.9375
Spacer Dist. Extreme Fiber (lyy) 1.38
Bolt Yield Stress (psi} 230000
Bolt Diameter (in) 8.750
Bolt Preload Maximum (b} 70563 M 5
Bolt Min. Thread Diameter (in) 0.625
Bolt Shear Area (in"2) 0.307
Bolt Surface Coefficient 0.15
Bolt Moment of Inertia (in"4) 0.02
Torque Required (ft-1h) 662 i
1
RESULTS
Upper Bolt
Spacer Stress Due to Bolt Preload -27020! -27020 -27020 -27020 -27020 -27020; -27020
Load Induced Normal Stress (psi) (+ opens gap) 1202 1119 959 734! 459 1533 -163
Net Applied Bolt Normal Stress -25818 -25901 -26060 -26285 -26560! —268665 -27183
Load Bending Stress Maximums (psi) 4078 2768 1287 1974 2527 3317 4527
| | |
JOINT SLIPPING (IF > THAN 1) 0.16 0.11! 0.05, 0.08' 0.10 0.12! 0.17
Safety Factor 6.33 9.38 20.25 13,81 10.51 8.10 6.01
Lower Bolt
Spacer Stress Due 1o Bolt Preload ) -27020 -27020 -27020 -27020 -27020 -27020 -27020
Load Induced Normal Stress (psi) (+ opens gap) 1202 1203 1123 965, 742| 469 163
Net Applied Bolt Normal Stress -256818 -25816, -25897 26054,  -26277 -26551 -26856
Load Bending Stress Maximums (psi) 4078 5111 5795 6085 5959 5428 4527
e |
JOINT SLIPPING (IFF > THAN 1) . 0.16 0.20 0.221 0.23 0.23 0.20 0 1l
Safety Factor 8.33! 5.05 4.47 4.28 4.41 4.89 5.93

Page 1




Bolt Stress Worksheet

WORKSHEET FOR THE CALCULATION OF BOLT STRESSES, STRESS RRER,
LENGTH OF ENGAGEMENT, AND J FACTOR FOR CLASS 2A SCREW THREADS

INSERT NOMINAL SCREW DIAMETER IN BOX | B.75]|
INSERT THE THREADS PER INCH IN BOH | 18|
INSERT THE LJORD "CORARSE" OR "FINE" IN BOR | COARSE|
INSERT THE U.T.S. OF SCREW IN BOX (in psi) |  28e000)|
INSERT THE U.T.S. OF TAPPED MATERIAL (in psi) | 85000
SEE RESULTS BELOW.....
RESULTS
DATA
THE STRESS ARER: B.3265677 in"2
REQ,D LENGTH OF ENGRGEMENT: 1.2485835 in
THE "J" FACTOR (see note below): 2.5196324
MA¥. LOAD ON THREADED SECTION: 91438.968 Pounds

(Note: if the J factor is > than 1, then the RESULTS length has been factored
by an amount "J" # Le; so the internal thread will not stripout)

ESMIN. DSMIN. ENMAH. KNMRAR., Length E
B.61735 B.7353 0.6927 8.663 0.5582678
HS AN

8.6551355 08.9275199

Page 1



Section 4. Bolted Joint Tests

Summary

Presented are the results from a series of single bolt joint tests performed in the
Materials Development Laboratory Instron. Grade 5 and Grade 8 bolts were tested as
well as the special high strength bolts to provide data for lower strength bolts, and
provide means to experimentally confirm the understanding of the joint.

The high strength bolts have an average slip load of 14,700 Ibs, and none of the
joints slipped below 11,500 Ibs. Lubricating the bolt before assembly provides a joint

with, at full preload, a slip load of 18,000 Ibs.
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B 7 D ~N 0 W0

g
BRITTLE FAILURE
& " NEAR HEAD
@
vl
B grade 5
¢ grade 8
,ﬁ/ #  Custom
© Averages
rd
S TESTING A CRUSHED SPACER
"USED" BOLT BOLTBOTTOMS OUT
[1¢] < L0 ] L ‘ L () Lo o) £ ()
o 15} . fo ol 10 [ ) ol L0 P ©
o - — g ol o [aY] [aY} @

Yield Strength Of Bolt Material (ksi)
y = 0.18882 + 6.2746e-2x  RA2 = 0.998
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Load Test Of 3/4-10 Grade 8
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ALKER
B()LE Manufacturing Co.

Customer ¢ CORDOVA BOLT INC
P.0O. Box 38502 Customer PO # : M98446
Houston, TX 77238-8502 Sales Order # 51940
T)y-448-4321 Date 08/12/1997

Lcem ‘ Quantity i Description

A | 24 3/4" (10) X 3-3/4" HEX BOLT

Customer Part # ¢ Lot # : 51940-A Heat Code 3
Specification H-11 TOOL STEEL

Heat # C Mn P s 51 Ni Cr Mo Y

25097-13 .42 .32 015 002 .95 .11 4.99 1.28 .43

Tensile Lab #  Tensile PSI Yield PSI % Elong. R.A. %
TR21298 283,367 234,086 10.3 46,4

Hardness

555 HBS

&

STATE OF TEXAS This test report may NOT be reproduced except in full
COou \J'I‘\" OF HARRIS without the writien approval of WALKER BOLT Mfg Co.
Suber " edand awors to hefore me } o I certify the abuve results to be corgect as
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ol D s gt T L Koo Cpe B

Notar) Public in and for Texas Tommie D, Helms

QAIQC Manager



\

yi \
T




Section 5. Lifting Line Loads

Summary

This section documents the needed line loads to rotate the assembled EM and
Lifting fixture. The total load needed is less than 1 ton. The fixture provides 4 lines,
each rated at 1.5 tons minimum, to accomplish this task. We have done a rigging walk
through of the lifting fixture and the proposed rigging (without the EM attached), to

show that the proposed scheme is feasible.
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Section 6. Load Testing Procedure of the

Lifting Fixture Weldment

Summary

This section describes load testing of the fixture which occurred on 11-3-97 and
describes some of the hardware used to accomplish this task. Weld inspections from
after this test are included.

On 1/15/98, the load test was repeated using exactly the hardware proposed for
the final use. The procedure was also modified to complete the loading to 125% of
15tons for two instances, three times with all 12 bolts attached, and 3 times with only 8
bolts attached, with the center bolt of each connection removed. Weld inspection from

after this test are included.
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TEST PROCEDURE FOR THE CDF EM LIFTING FIXTURE

Eric Haggard TD/Engr. & Fab. f
EDORE > -3 77

Em Lifting Fixture Assembly is described in Fermilab Dwg. Number 2563.52-ME-332555

Em Lifting Fixture Test Frame is described in Fermilab Dwg. Number 2563.52-ME-332592 & 618.

Additional Items Required to Complet\ this PrQ/c:eff{;;e

 Quantity of 12 special high strength bc;rlntéglﬁfd(). See Engineering Note for description and specifications.
¢ Torque Wrench or wrenching system capable of 600 ft-1b

» 2 hydraulic hand pumps with pressure gages.

o The Crane and slings capable of lifting 2600 Ibs.

¢ This document

GENERAL PROCEDURE FOR TRSTING OF THE LIFTING FIXTURE

1. Layout test fixtures as shown in 2563.52-ME-332617 and fasten fo the asserbly table using c-clamps.

A\l

. Sling the EM lifting fixture and move to the test stands.

[N

- Bolt the lifting fixture to the test stands using the provided High strength bolts.

4. Torque to 600 ft-1b.

95

- Install Pivot cylinders and pusher rods as per 2563.52- ME -332592 and 2563.52-MFE-332592.

6. Install the hand pumps to thevhydrauﬁc cylinders.

7. ¥ollow the Load steps listed in the table bellow allowing the fixture to remain at cach step for a minute
before proceeding to the next step.

8. Repeat Load step sequences 3 times.

9. After the test is complete, dye penetrant check the lifting fixture welds in accordance with AWS B2.1-84

Appendix F procedure. If cracks are found, have the fixture repaired and repeat this procedure.



Rotation Angle Pressure Force Pressure Force
Vertical Horizontal
0 3750 psi | 1873010 0 0 (}ﬂf@/ e 4.
15 3622 psi 18748 1b 970 psi 4788 1b
: - (0 - 2’{; P
30 3247 psi 16021 Ib 1875 psi 9250 1b
45 2652 psi I308TTh | 2652psi | 1308116 | 4 : 2@ fgwﬁw’éf
60 1875 psi 9250 Ib 3247 psi 16021 1b
75 970 psi 4788 1b 3622 psi 18748 1b
90 0 0 3750 psi 18750 1b
Tolerance + 20 psi/ - 0 psi
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e @ T Ty Y = & e e
AL P (=57
This Procedure was witnessed by ////j »
ﬁ////l // k 6‘4 A;;f Y, ;3’
/{ /f/ [%v%’)/ SV ¢ ]7/ /

(onep-Le Xy O

g A A e
£ 7 e 2 Al
é,/wé/f‘“m Al AN

" g,
i (D { {;ﬁ?}/g / jﬁ/{?/ G o< I/ 53



et TS ST

LoAD - DEECteed

LDy ' DetieeT (o Cﬂy@fﬁw@h TATEC_

e 2S5
1DoC e 8D
s \{3’@/ g’:’ ) ”‘Fgl

Zop> AV q0° gty

3750 pons L?’ﬁ/i&;




PRESSE GAGE AT B306 P
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318 Appendix B

Cowmpany Mame

'”/[ AL

Welding Process{es)

SMaA W

Supporting POR No. (8o

ICATION (WPS) Yes ( )

FIED BY TESTING -
{ RECORD (PQR) Yes (
M 33
Drate

F
B

Identification #
Revision
Authorized by
Type - Manual (V)

Machine ()

S@zm /%umm .m:
Awtomatic ()

JOINT DES

5
Type - Vee

IGH USED

Single ()
?aa?mg

Double Weld () Aol

POSITION
Position of Groove Fillet
Vestical Progression: Up () Down ()

A
fex /

BASE METALS

PN

f/“l /!/f///

Transfer Mode (GMAW)  Short-Circuiting ( ) m
Globular ( ) Spray (

Current: AC { ) DCEP §{) DCEN ( ) Pulsed { )

SEringer

i”} 2%s

(per m‘icf A 12 L7y

Vs d £/52

Eloctrode

«wm

Min &

POSTWELD H
Temp.

Time

ey Metals

-

1 Joint Dietails

Pass or
Weld

Laver(s) Process

120 HS =

Polarity

Wire o </
Feed Travel , 4}/2 2N \

Speed Volis Speed

SMaW

145

| Oc-REY

[ &0

(VIR LN

> MW
M R |PCoREV| 180 o
Y R %g pe-rey | 180 &0
s [T 54, Tec pEy 175 X
6 [« Ta T o Sha e kv |/ 75
Form E-1 {Front) Ve




318 Appendix B

Company Name

WELDING
PREGUAL %§§
ofr PROCE

Z{{f " ('

URE QM@% IF

URE SPECIFICATION (WPS) Yes { )

. QUAL e
ICATION RECORD (PQR) Yes ( )

S AMA W

Welding Process(es)

Supporting POR No.(s)

IFIED BY TESTING ___

MC=33

e LBIE

Tdentification # .
ReviSion ..
Authorized %;»y
Type - Manual (Y)

Machine { )

3@%&«/%&%:0{:&&@&( 3
Automatic { )

}@Pﬂ {}é‘:&s}ﬁ%\?

Fi /Ef&f“

I Mw?x Gouvging

POSITION
Position of Groove ‘[
Wertical Progression: Up ( } ;}ﬁ:}w( )

ef//??

ELEC

CTRICAL €W

Transfer Mode (GMAW)Y  Short-C

lobular { ) Spray { )
Currentt AC { ) DCEP 00
Other

DCEN () Pubsed ( )

‘K{Am”a}

{;} UE

e .f\gwi‘? e
f*zwsa gpm side) . M LA/
/ﬁ*’ P i e PIA

., Mi
s Tem g%‘g

FEE
. g
Min Max 0.5 0

Temp &,
Time

Filler Metals Joint ?D’i’"h’s
[767F M o
Weld Type & ravel

Layer(s) Process Class Phasm, Palarity Yolis Spoed
/ SMAN | A5S | Ve
2 N al T e I Deery
K e ie v wl ee | pCpEV
éf L L 4e %“ffﬁ 2. DEEEY
5 i Ry if “5}{?@ §~5,€£§%/
£ ‘e vel i el S0 |\ P PEY
; Wi/ . 7 /e £y 6y ygw p@ffﬁv
Form E-1 {Frony) #



Appendix E/ 323

~ ] | o o
Project ( ‘ [/ e ! / anay na ily St . / ?’/ £ - 33255 ©
Quality requiren Ao 1/! S. L rAc/K S

Reported to

nenis - saction no.

Py WEL mme M?{j}% AND IDENTIFICATION SKETCH

/ - { (: // T ‘ o

78 332564 Center F cv, AN
1wz - :

12018-Mm Mo NLwyz T iﬂég -

/2018 -1
¥z 3P
o0
& i () éf}
interpretation Hepairs
- Date Weld identification Area | Accept.] Reject | Accept.] R leject Remarks
3 Filler ‘ >

LATAMEDL LD 2
Ve Grooye o A A
Fille+ W

, STV VY e
V- Qroevye S L V&7 L LI NETLTT

I

(

W@, the undersigned, certify that the statements | nthis record are corrent and that the
cordance with the requirements o

fthe American Welding Society ANSI/AWS D11 1, (.
GCNG Steel.

/ / 9]
Inspecior %///(}[///4?/ // \ @NM?///?

welds were prepared and tested in

e ) BTGB Welding
year

Manufacturer or contractor

Vs P
Test date & // // 7 )/ Authorized by

Method of inspection; [ \/[f PEMNET TRAN T Date
U Dy {1 Wet ] Residual

{7 Continuous
{LAC ooc ] Half-wave

Form E-8 € 1878 by American Welding Society. All rights reserved.
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WELDING PROCEDURE SPECIFICATION (WPS) Yes { )
PREQUALIFIED ______ = QUALIFIED BY TESTING _
or PROCEDURE QUALIFICATION RECORD (POR) Yes

)
£ g £
Tdentification # Vi 7&}; 332 "W) =
L ' Revision Date
Company Name .4 f&}”ﬁmff’ffj Auihorized by : Yete
Welding Process (es) 2 AW Type - Manual () Sewi-Automatie ()
supporting PQR No. (s) , Machine ( ) Automatic { )

daroes

U

JOINT DESIGN ff"?i} POSITION

Type ’/ f £ f /{;ﬁ - ! Pasition @f Groove fm é‘f i f . ]
Single () ?“gmefﬁ@ Weid () LTV V&mmﬁ Progression: dg; {3 Dawn { )
Backing fez

ELECTRICAL CHARAC

ERISTICS

HGMAWY  Short-Cle
g } o?myi )
Current: AC () DCEP JX) DCEN ( ) Pulsed { )

F%&S? METALS f;f M%“g)@ /{//{fxéj Other

Material Spec.
CHNIQUE

Tyw or Grade .. ! TECE
. e ':;ggsf v of Weave Bead . S 711N eV

f"i!

s ar {

ulti-pass or Single Pass (per side) Muly
hm&m of rodes

Flectrode Spacing  Longitudinal

¢ Tube 10 Wor

Vv
in B

(g;fgwjéwfg [ g L ;’f

POSTWELD HI SAT TREATMENT
. 0

Mo SO Time &
Filler Metals Current Joint Details
Amps or
Pass or Wire
Weld Type & Feod Travel
Layer(s) Process {lass Diasa. Polarity Speed Yolts Speed

/ SMap, | ALE 4/’5” e RES | 7Y iﬁ -
9 |SMAW | 455 | sh, pc vEVIL5 B B
' SMAw | A55 | 52 |oc eV 110 - _
n sy |56z |pc avii70 _ —
oo |sh, e relies | — P

.| SMAW
V2 i




Appendin E/323

Profect (Np / Jf(;/?ﬂ 7[/ y/umg e

- . [
Quality requirements — section no. Als IS < Fe (é’f
Reported to

;Z?L ME 332557 WELD LOCATION AND IDENTIFICATION SKETCH
BN STEM - STEM PLATE
36°

" Date Weld identification Area | Accept| Reject | Accept.| Reject i’f%@fmfirg

22d |\ sramped > Wo VS céicEs
9024 2. stamped b WP LS. Cpeeh s
7/24 3  sramped | ~¢ MO YiLs. ¢ :
T2g ) 4 Sraded ¥ meo VIS ¢

We, the undersigned, certify that the statements in this r@e:@”é are "C){‘T@Gi and that the welds were prepared and tested in
accordance with ?m fe«auimmem of the American Welding Society ANSI/AWS 27 1 S M__W} Structural Welding

Code-Steal, i \g Q year
{[3?% £, % {)’F\& ﬁj

Inspector Manutacturer or contractor

Test date 5‘? } Q\% % g \ Authorized by

Method of msp%tz@iﬁ Pvie Penetrant Date -

(3 Dry ] Wet [ Hesidual 0O Continuous
ac BC O Half-wave ’”

Form £-8 © 1978 by American Welding Socigty. All rights reserved.
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T WELDING PROCEDUR
PREQUALIFIED _ .
or PROCEDUR E;“@UM

, Hdentification # /‘// e‘i 3 j
‘ Revision Date
Company Mame .,,,W,‘%;g?f@f! Authorized by
Welding Process{es) ’M AH Type - Manual () Semi-Auviomatic {' )
Supporing PQR Ne. (5! e Machine ¢ ) Automatic ()

EQEWT L{f;,?@ﬁfy}jf»f{% / f §"Q$§T§@N

Type : Position of Groove /4 - Fille . Flar

Single { ) Double Weld (\ }  AF L7/ Ventical Progression: Up () Down ( )

Backing Yes { ) No {4y
Bac %mg Material T

ot 8‘ ) ¥ ¥

€, FOOve A oo . PLZROITE ey Wod {\Q M“«’ﬁ/\\ J}
No ()

ELECTRICAL CHARACTE!

Back Gouging es { } dethod ] Ciouu lar { ) Spray {
. . Currentt AC { ) DCEP (;;»g DCEN () Pulsed € )

W ?; i 3 ,{Eag o ¢ £ i / Y he
?Am-%ﬁif ﬂﬁmkiégg/§§ﬁ§f§? Other

.»%‘w;‘; E

or Grade .

) AT - TR
hickness  Groove 40 Fillet 20 &
MNMameter {p‘;g@} 5 ‘@N,f\fﬁii

/ c/’ vy / ;/ éf“f Longiudinal

ABLL R Lateral

gﬁ;m & 2 R
Max G2

WELDING PROCEDURE

Joint Details

Pass or f?@éf 18- 1M ‘ ‘wf ire | I 20181

Weld Type & Feed Travel
Layer{s) Process Class Driarn, Polarity Speed Volts Speed

! SPHAW
ya Shgw
2, SMIwW
54
W S A

B
)
Mxv}"’%

5732 |ec-Bev
/32 PC - LEy
37 |PC-REY

pe-EEYV | /Y5 -
AR Ay R
/&
/
§

T vy
‘Eﬁ%‘%%ﬁ
PR

Form E-1 (Front) s
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" - . a o SR 1, & 5 % ,«j P ’W\m ey f»}
protect DL Lifting Fixftore Tesr STAND "ML 35257 3
Quality requirements — 3 @»,ffi’iﬁﬁ‘%@‘, ,,,,,,,, i ﬁf'ﬁ/;? ‘

Repored to

WELD L @@”i‘ﬁ‘%"ﬂ@% ﬁ?’%f‘“ IDER ﬁ?%ﬁa HON SRETCH

% STEM +Plate - ; fw%}”“ < ; WD

' jgﬁ/%@&

* / [’ff A

: %ﬁ%&érg}r@ta?éw
" Date Weld identification Area | Accepl.| Relect . Remarks

% g

/36 |A < e Ne Vis
/368 T, bl MO VS
G0 | LYY > aag Vs
/20 P X ] MO Vi

We, the undersigned, ca M}f hatthe staternents in this rc«“@ dare correct and th
accordance wij
Code-Steal,

1at the welds were prepared and tested in
menis of the A m@r’ ican Welding Soclety ANSI/AWS D11, (L e} Structural Welding

K%x ™ A year

Ef"‘ssg}%w{ (R ! Y . Manufacturer or contractor
Test date . E’KJ %W g @ e % Authorized by -
Method of inspection: @)/'@ fggs«*&i tvan? [ate

ODry Owet () Residual {J Continuous

{1AC aoc {1 Half-wave o

Form £-8 & 1978 by /«’amgﬂ«:uﬁ Welding Society. All rights reserved.
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WELDING PROCEDURE SPECIFICATION (WPS) Yes ( )
PREQUALIFIED ____ = QUALIFIED BY TESTING .
or PROCEDURE @i ALIFICATION RECORD (PQR) Y@% € )

R 2
Identification # Mig ”% / S ? Q"}

;:—':W_,},,,\, ‘ Revision . 322627 Due 19/ &j ¥ }E‘;:%MW W:
Company Name A Authorized by £ . H.aq g.4rc Date Mm
Welding Proesss (cs) S M9 Type - Manual () Semi-Automatie ()
Supporting POQR No. (s} , Machine { } , Atomatic ()

JOINT ?Jﬁ%‘gﬁﬁ USgED . POSITION

) 2 2 & e ‘ e 7
Type v EE ' H‘[ / er . Position of Groove ﬁff‘@f“wm Filles inf[iﬂfwmw
Single ( } Double Weld ( ) Muiyi Vertical Progression: Up { ) Down { )

s

Transfer Mode (GMAW)  Short-Clirculting { )
Globular { ) Spray ()
Current: AC { )Y DCEP (}()& DCEN () Pulsed ()

gnck Gmmug E‘e@( 3 ’ {;f) ?ﬁ{;}m@

BA@E METALS 4 ~ . ay " Crther
Material Spec. 500/ {’l/ 40

”évg/é or (;s(me

TECHNIQUE
Siringer or Weave Bead _ G 7/ VM; @ ﬁ*’;‘

. . L : T
Multi-pass o Q‘%mgﬁe Pass {per side) MAULT ]

PREHEAT PORTWELD HEAT TREATMENT
. o o

Preheat Temp., Min 5 Femp. - 2RV

Interpass Temp., Min _ 9 § 9} ¢ Max _{o 50 Time Z _hr.

WELDING PROCEDURE

Filler Metals Current Joint D Det 1ails

Amps or

Pass or Wire
Weld Type & Feed Travel
Layer(s) Process Class Diam. Polarity Speed Valts Speed
[, Sl S hadw AB.E Ve neREV | jy2 ) . -
Shaps g £ E/3y lpelEy |76 . »
ig ;} (2 ﬁ;%\,:f ;{z % “%Q ﬁ;{? "f po p jf:i Vs 5 g é — ::
o S RA AW Ass | ss2z lec REV | 70 -
3/ AR A A.6% | /32 |PEREV L i 5 —
I, swmdaw | BES §/32 |pckEv |170 -
z sSMaw | ASE 5/re @c‘é@iu b70 - —
! SMaw | AS.S 6/32 éf 165 =~ -
4 S A #ELS s FCREY | 145 - —

Form E-1 (Front) &
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o P 7 o ~ e / . N | e ey - ,
v (L DF LidrinatixTove [pivor  plate JWE3 3255 6
Quality requiremonts — section no™ Ne res Cracl s
Reportsd 1o

WELD @@&“@“ IOH AND IDENTIFICATION SKETCH
DR P S e
/7Z - «a{ @ @, /7 PE ,/@/@gigg;/? 7/5 £ A G fepr
5/’ 2 f*\ -
2 VN
lj‘} ij; {’%’) B " ﬂ?m yg % /
v
3/,! f}/ L
mie elation Repalrs
T Date Weld identification Area | Accept.| Reject | Accept. Reject | Remarks
Fille 7 L No VS CceAck
B e S PNboyE k}"‘f wo e d o O qct
“Afer 5 Wo Vi< | Cogth
s g Yoo v e \3 ; o Ve . v ele
We, the undersigned, certify that the stalements in this record are correctand that the welds were prepared and tested in
accordance wgih i:hg e uzmmemﬁ; miﬁe Ame ro&nw iding Society ANSI/AWS D1.1, (o} Structural Welding
Code- g’ie%j\ EQ year
inspecior %f/i'g\"\ \ \/w U ’ Manufacturer or contractor
Test date . Authorized by
Method of inspection: Date
ODry  DOWet  [JResidual 0 Continuous
OAC Ope (1 Half-wave o

Form £-8 © 1978 by American Welding Society. All rights reserved.
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Qm ity requirements
Reported to

gaction no.

/ fr?ﬂ“ m§ /Z;){z‘uv*fw f““*i’?ciz/ @/L‘C’“

1
/

st

£ -332 557
AFTER LOAD TEST™ 1/2/77

Wald identification

ON AND IDENTIFICATION SK

W@Ef«/[@;’! wi ey 2

Inlerpretation

Repairs

Feiect

Accept,

Reject Remarks

= aﬁ e
£ g Nl ‘é;gw S P
a ) o : 5;}, s
2 L s .
& & SIS
o R e
02*;.3, i Niﬂ =
7 F

We, the undersigned, certify that the statements in this record ar & Corre

aceordance with the

Code-Stesl. Mp %”}«
Inspector /y\/ 7 -

LA

il

requirements of the American Weldi ng Soclety ANSI/AWS D11,

Test date ﬂ}/

Method of inspection:

U Dry £J wet {1 Residual
OAC oc {J Half-wave
Form £-8

ﬁﬁf&ﬂg\/’j oS ‘tf”‘t;?l Z

{J Continuous

ctand that the welds were prepared and tested in

{ e ) Blructural Welding
Year

Manufacturer or contractor

Authorized by __

Date

& 1978 by American Welding Society. All rights reserved.
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(Ux X7Fuie

Profect ( ) , D /[“ - Z ! ?‘[ tn %

Quality requirements - gsotion no. .

end 5@)%)@
Reported ; S
AFTER LOAD 7EST
M 30 Q 5 6/

%%sfé”u} LOGATION AND IDENTIFICATION SKETCH
PIVOT
MC 3325¢4 - Center Pos7T Cross brac
ME 3: $fs§m/wg«»w £l ate
ME 3732 STem /57w n g@% e
ME 332, 567 /fmm 332827~ REV. piveT Brace

V77

F
Lad

o

7
Y (v

W
W iy D

et

@Mm

n &

e

o

(o

P,
4

Pl

o

%

.

A
N
M

palrs
Date Weld dentification Areg Fejsct | Accspl.. Haject Remarks
2 A fk,;ﬁ“ Z 3
et Grepve  66° "
Y AfleT . ﬁ? -
Gypove GO /-
Foble 5 Fo éf/?/
i V apopve 20 t
“ig Filler ) - .
: ve A0S e
Ié\:‘% L '/v“’
/ & v
2 & (e
3 :
= ¢ &
Fille w &
J-Goore 7 -
Eille Vad
J-firsayve [~

We, the undersigned, cerlify that the statemments in this record are correct and that the welds were prapared and tested in
accordance with the requirerments of the American Welding Society ANSI/AWS D14, { oy Structural Welding

Code-Stee ”‘}j} é * year
Inspactor 4 ”

Manufacturer or contractor

va

Test date ..} ;/%% BQLZ’"//M??&?

Authorized by
tMethod of insp@cmﬁz/lﬁ}/é’ fﬁ CHeFru 0w Date
- 01 Dy {1 Wet 1 Residual {J Continuous
JAC 0ODC  [OHalf-wave ‘
Form E-8

& 1978 by American Welding Society. All rights reserved.
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Revised JSK 1-12-97

TEST PROCEDURE FOR THE CDF EM LIFTING FIXTURE

Eric Haggard TD/Engr. & Fab.

Em Lifting Fixture Assembly is described in Fermilab Dwg. Number 2563.52-ME-332555
Em Lifting Fixture Test Frame is described in Fermilab Dwg. Number 2563.52-ME-332617.
Additional Items Required to Complete this Procedure

» Quantity of 12 special high strength bolts 3/4-10. See Engineering Note for description and
specifications.

» Torque Wrench or wrenching system capable of 650 fi-Ib

e 2 hydraulic hand pumps with pressure gages.

e The Crane and slings capable of lifting 3000 Ibs.

e This document

GENERAL PROCEDURE FOR TESTING OF THE LIFTING FIXTURE

1. Layout test fixtures as shown in 2563.52-ME-332617 and fasten to the assembly table using c-clamps.
2. Sling the EM lifting fixture and move to the test stands.

3. Bolt the lifting fixture to the test stands using the provided High strength bolts, and 172 spacers (QTY 4
nom 0.75” thik MB-332573; QTY 8 nom 1.5” thk MB-332639) laid out as shown in ME-332617.

4. Torque each of the 12 bolts 1o 650 fi-1b,

5. Install Pivot cylinders and pusher rods as per ME-332617,

6. Install the hand pumps to the hydraulic cylinders, making sure that the two horizontal cylinders are in
parallel, and the two vertical cylinders are in parallel. Pressurize each cylinder to 200 psi to check for
proper operation. Release pressure on the cylinders.

FULL TEST OF FIXTURE:

7. Follow the Load steps listed in the table bellow allowing the fixture to remain at each step for a minute
before proceeding to the next step.

8. Repeat Load step sequences 3 times.



Rotation Angle Pressure Force Pressure Force
Vertical Horizontal

0 3750 psi 18750 Ib 0 0

15 3622 psi 18748 1b 970 psi 4788 1b
30 3247 psi 16021 Ib 1875 psi 9250 1b
45 2652 psi 13081 Ib 2652 psi 13081 1b
60 1875 psi 9250 1b 3247 psi 16021 b
75 970 psi 4788 1b 3622 psi 18748 b
90 0 0 3750 psi 18750 1b

TEST WITH 4 BOLTS REMOVED:

9. Remove the center bolts at each of the 4 attachment regions, leaving the external bolts (8 total) only.

Reference marked up version of ME-332617, attached.

10. Repeat the Load step sequence 3 more times.

11. After the test is complete, dye penetrant check the lifting fixture welds in accordance with AWS

B2.1-84 Appendix F procedure,

This Procedure was executed by 7 /
2

This Procedure was witnessed by

Tolerance + 20 psi/ - O psi




RECORD OF CYLINDER PRESSURES ~ FULL TEST ~ CYCLE 1

Rotation Angle Pressure Actual Pressure Actual
Vertical Horizontal
0 3750 psi 0 7y
15 3622 psi 970 psi So g
30 3247 psi 1875 psi | /; /i
45 2652 psi 2 g?é;i . 2652 psi | 608
60 1875 psi |, 3247 psi
75 970 psi :~ 3622 psi
90 0 3750 psi | = o
CYCLE 2 Tolerance + 20 psi/ - O ps1
Rotation Angle Pressure Actual Pressure - Actual
Vertical Horizontal
0 3750 psi U ¢
15 3622 psi Y0pst | /oo k5
30 3247 psi 1875 psi
45 2652 psi > 1 2652 psi
60 1875 psi 3247 psi
75 970 psi 3622 psi
90 0 3750 psi |-
CYCLE 3 Tolerance + 20 psi/ - 0 psi
Rotation Angle Pressure Actual Pressure Actual
Vertical Horizontal
0 3750 psi O ¢
15 3622 psi 970 psi o
30 3247 psi 1875 psi SR
45 2652 psi 2652 psi
60 1875 psi 3247 psi
75 970 psi 7 3622 psi
90 0 26 3750 psi 2 %;:;/gh
Tolerance + 20 psi/ - 0 psi
- e
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RECORD OF CYLINDER PRESSURES — TEST WITH 4 BOLTS REMOVED -~ CYCLE 1

Rotation Angle Pressure Actual Pressure Actual
Vertical Horizontal
0 3750 psi ;; gz 0 o
15 3622 psi ;}/‘f/i 970 psi G e
30 3247 psi 25 ;;%, 1875 psi /f,fmca
45 2652psi | n Y)pw 2652psi | 2 /9o
60 1875 psi fj,} 3O 3247 psi | Caere
75 970 psi /092 3622 psi | @ 720
90 0 T 3750 psi 2 e
CYCLE 2 Tolerance + 20 psi/ - O psi
Rotation Angle Pressure Actual Pressure Actual
Vertical Horizontal
0 3750 psi 0
15 3622 psi 970 psi
30 3247 psi 1875 psi
45 2652 psi 2652 psi
60 1875 psi 3247 psi
75 970 psi 36272 psi
90 0 3750 psi
CYCLE 3 | Tolerance + 20 psi/ - 0 psi
Rotation Angle Pressure Actual Pressure Actual
Vertical Horizontal
0 3750psi | 3 S0 0
15 3622 psi 34 G 970 psi
30 3247 psi 22z 1875 psi
45 2652 psi /; {;} &/ 2652 psi
60 1875 psi /;’ig . 3247 psi
75 970 psi je 76 3622 psi
90 0 §§ 3750 psi

Tolerance + 20 psi/ - O psi

L’;{ké{@{/ §Ce éjﬂ? f/:V ey \/‘%cm AR 5(2:7’{( //f’ ‘3/&":
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Section 7. Lifting Procedure

Summary
This section describes the procedure for rolling over the EM detector and

specifies the ratings of the various manufactured hardware which must be employed.



10-30-97
Revised 1-12-98 JSK
USE PROCEDURE FOR THE CDF EM LIFTING FIXTURE
Eric Haggard TD/Engr. & Fab.

Layout of the EM Detector Lifting And Rotation Rigging is Fermi Dwg. No. 2563.52-ME-332636.

EM Lifting Fixture Assembly is described in Fermilab Dwg. Number 2563.52-ME-332555.

EM Lifting Fixture Assembly Frame is described in Fermilab Dwg. number 2563.52-ME-332556.

Additional Items Required to Complete this Procedure

@

@

Quantity of 12 special high strength bolts 3/4”-10 with 3/4” grade 8 washers. See Engineering
Note for description and specifications.

Quantity of 8 Plate No.-6 Spacer Block, MB-332639

Quantity of 4 Stem spacer, MB-332573

torque Wrench or wrenching system capable of 650 ft-1b

PPD Lifting Fixture RD10

Quantity of 2 Wire Rope, 1 1/8” diameter, Sakash Co. Mfr.

Quantity of 2 manual come-alongs rated at 1.5 tons each, minimum 5° chain length
Quantity of 2 manual come-alongs rated at 1.5 tons each, minimum 8’ chain length
Quantity of 1 Anchor shackle rated at greater than 22 tons

Quantity of 2 Anchor shackles rated at greater than 15 tons

Quantity of 2 Anchor shackles rated at greater than 1.5 tons with a 2” throat
Quantity of 4 Anchor shackles rated at greater than 1.5 tons

Quantity of 4 hoist rings, 0.5” dia bolt, rated at greater than or equal to 1.5 tons

This document



GENERAL PROCEDURE FOR RIGGING FOR HORIZONTAL TRANSPORT

1.
2.

10.

1.

12.

13.

Attach the 4 hoist rings to each of the holes marked ‘A’ and ‘B’.

Attach the spreader bar, RD10, to a Crane (rated at > 15 tons) with the 22 ton anchor shackle.

. Attach the special 15,0004 rated wire slings to the spreader bar using 15 ton min. anchor shackles.

(1.75” diameter holes at 144" apart on the spreader bar, labeled numbers 1 and 12)

. Grease the pivot points of the EM lifting fixture with a suitable heavy grease.

. Fly the spreader bar above the EM lifting fixture and lower the spreader enough to slip the large

loops of the wire slings on the pivot points of the EM Lifting Fixture.

. Slip the wire rope loops over the end of the pivots and install the wire retainer split coupling to the

pivot shafts.

. Attach the 2 anchor shackles, 1.5 ton minimum, 2" throat to spreader bar holes 2 and 11.

. Attach the 4 anchor shackles, 1.5 ton minimum, to the shackles in spreader bar holes 1, 2, 11 and

12. The shackles attached to the main shackles in holes 1 and 12 should be attached to the side of
the wire rope which hole “A” is on.

. Attach the 2 come-alongs with 8 ft minimum of chain between hole “A” hoist ring and the shackle

system on holes 1 and 12.

Attach the 2 come-alongs with 5 ft minimum of chain between hole “B” hoist ring and the shackle
system on holes 2 and 11. Snug the 4 come-alongs.

Pick up the lifting fixture and fly it to the EM Detector Assembly. Gently and slowly lower the
lifting fixture down to the detector. Note that the orientation arrow marked “UP” on the fixture
should correspond to the arrow on the front face of the EM Calorimeter. To check, the fixture
holes marked “B” should be toward the top of the Calorimeter.

Align the fixture with the mounting holes (3/4-10 tapped holes) in the EM detector and install 12
spacers (4 0.75” thk MB-332573, 8 1.5 thk MB-332639), shimming and 12 special high strength
bolts, ref. ME 332556. The center of curvature of the marking on the spacer should correspond to
the center of the EM calorimeter.

Lighily lubricate the threads of the bolts before installation and tighten each of the bolts to 650 ft-
Ibs.

14.Ref. ME-332555.

You are now ready to lift and transport the EM detector in the horizontal position.



GENERAL PROCEDURE FOR ROLLING OVER THE EM DETECTOR.

. Complete the Horizontal lift procedure setup. Pick up the EM with the crane at least 5 feet above
the floor.

. Base tension on the down side come-along (attached to lifting fixture holes “A”).

. Shorten tension on the down side come along (attached to lifting fixture holes “B”) to start the
rotation.

. Continue the rotation using the up side come-along. After the up side come-along passes behind
the wire rope, rotation continues by letting line out on both the up side and down side pair of
come-alongs. Continue until the detector has rotated 90 degrees. Level as required when the EM
Calorimeter is in the vertical position.

. You may now move the detector to the CDF Plug Structure for Installation.
. Adter installation of the mounting bolts at the plug structure, the EM Lifting Fixture may be

unbolted from the EM detector. Note the fixture can not be raised vertically before being clear of
the detector.

7. Righting the lifting fixture can be accomplished by pulling the lifting fixture up using the come-

alongs.
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Section 8. Welding Specification Used

in Lifting Fixture Weldments

Summary
This section describes the welding procedure and specification as well as

documents the production of the lifting fixture,
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Appendix F

@

enetrant Exa

F1. General

This Appendix describes the method which shall be
employed when liquid penetrant examination is speci-
fied in Section 2 or 3. This procedure is substantially in
conformance with ASTM E165, Recommended Prac-
tice for Liquid Penetrant Inspection. Refer to this
Standard for additional details.

F2. Method

A visible solvent removable penetrant shall be used.

3. Procedure

3.1 Cleaning, Cleanliness in this application shall be
the removal of all rust, scale, welding flux, spatter,
grease, oily films, water, dirt, etc., from the surface to
be examined.

F3.2 Drying. The surface to be examined shall be
allowed to dry for a minimum of 2 minutes prior to
application of penetrant.

131

nation Procedure

F3.3 Penetrant Application. The penetrant is applied
by brushing or spraying. The penetration time shall be
atleast 5 minutes. The temperature of the surface to be
examined, the liquid penetrant, the cleaner, and the
developer shall not be below 40°F (5°C) nor above
125°F (52°C) throughout the examination period.

3.4 Excess Penetrant Removal. After a minimum of
3 minutes penetration time has elapsed, any penetrant
remaining on the surface shall be removed. Penetrants
shall be removed from the surface by wiping with rags
or cloths moistened with the solvent,

F3.5 After excess penetrant removal, the developer
shall be sprayed on the surface to be examined. The
developer coating shall be applied lightly and
vniformly.

F4. Examination

It is recommended to conduct the examination 7 min-
utes or more after applying the developer. In no case
shall the examination be made later than 30 minutes
after the developer has been applied.
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WELDING PROCEDURE SPECIFICATION (WPS)

Company Name Femiiap

Kdenﬁﬁéaxion # 256852 -ME - :3_?;2 yf?

Revision LATLET - &xe & 1-9] By % Eé'{iu , =
Authorized by C kR0t Date &4 ~2; 7

/

Welding Process(es) SMAN Type - Manual $<) 00 Semi-Automatic { )
Supporting PQR No.(s) Machine ( ) Automatic { )

JOINT DESIGN USED POSITION

Type Frc & / GHROY ve Position of Groove . Fillet %

Single ( ) Double Weld ( ) Vertical Progression: Up <. Down ( )

Backing Yes () No %

Backing Material v ELECTRICAL CHARACTERISTICS
Root Opening . Root Face Dimension 2870 |

Back Gouging: Yes (

Groove Angle s78.% 0" Radius (J-U) _ /%

} No @@ Method e

Transfer Mode (GMAW) Short-Circuiting ()
Globular ( ) Spray ( )

Current: AC () DCEP b DCEN () Pulsed ()
Other

Elevirode-Flux (Clasa)

BASE METALS 3
Material Spec. 4374 500 0 wred
Type or Grade
Thickness Groove 2220 Fillet < ZRO
Diameter (Pipe) V. 2L
FILLER METALS
AWS Specification LOLE AT
AWS Classification g5 T
SHIELDING
Flux > Gias
Composition .

TECHNIQUE »
Stringer or Weave Bead TR GEL

Multi-pass or Single Pass (per side) “Macery - PSS

Number of electrodes . &8 Oie & 5Ez D

Electrode Spacing  Longitudinal -

Lateral .

Angle =27 —

Contact Tube to Work Distance

Peening

Interpass Cleaning: & /f?ﬁﬁf;fi £ LHRE [TRUSkiVG

PREHEAT
Preheat Terop., Min.

507 /=

Interpass Temp.,, Min

50° £ Max L2 505

POSTWELD HEAT TREATMENT,
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Date .
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%
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POSITION
Position of Groove ?; / o/ Fillet
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Z\SMay |AS55 | 5 |ocREY | T 50

St e vl B |pcopEv| 180 -
é?; # e a %z v REV | LEO é?@
5 [ T |\ Shz lpc . REV| /7.5 .

P Py b N hz e HEV |75 o

Form E-1 (Front)




318 Appendix E

WELDING @ﬁﬁﬂﬁﬁﬁﬁg SPECIF]

PREQUALIF
or PROCEDURE f;ﬁ&&é%é@&?&@% RECORD (PGR) Yes ()

Company Name {éf rm

FIED _

QUALIF

ICATION (WPS) Yes { )
FIED BY TESTING ..

Idenufication 8 __ MC 3 %? g ﬁ/

ReVISION oo D&Ec

S E%y .

! Authorized by e Date e
Welding Process{cs) SMA W Type - Manual (‘:;{} Serni- Amem { }
Supporiing PQR No.(s) Machine { ) Automatic ()
JOINT DESIGN 5° POSITION T

Type .

SED
? /§///C§/ﬁ P ve |

[/

Single ()
Backing

Root Opening
Groove Angle .

Back x‘f}mxgmg Y@{ )

ztﬁfmm Weld ()

No (%)

e Root P Dimarion 170
- %s mﬁmg (I U} - ﬁf
No =)

Method .

BASE METALS

Material Spec. .

Type or Grade

Thickness Groove ..
Dhiameter (Pipe)

A

lles £7/8 7
Vertical Progression: Up ( } E}m%m { )

Position of Groove u/

CTRICAL CHARACTERISTICS

Transfer Mode (GMAW) %m"g Circuiting { 3
Globular () Spray ( )

Current: AC () DCEP (X) DCEN ( ) Pulsed ()

Other .

e Fillet 2

TECHNIQUE

Stringer or Weave Bead .S 7 F W”fj‘% e -
Multi-pass or Single me gpgdr 3@{2{&% mpls s
Number of electrodes e i
Electrode Spacing L(}Rg‘iii,idi.ﬁ&i

Lateral .

- WikE B rogt/

POSTWELD HEAT éREAEMLN% o £
lem ) Temp. LOO % & Sa
Zmu p&»@ hm;} Min .4 BEOT 1 Time LHouR
WELDING PROCEDURR
Filler Metalg Current Joint Details
[Zo78-m Amps or A2 %
Pass or Wire \ ) ;Z%gc
Weid Type & Feed Travel %z <
Layer(s) Process Class Dhiam, Polarity Specd Yolts Speed |4 2 %:39 ° !
/ SMAW| A5.5 | Ve | Dfey) 753
vi te L Ao i /g D g 54 150 =
K] i el we al Slra | pebiv| | ée s
4 “_ e wl B (prRev|[ g e =
kY i et gy 144 g/ﬁ 2 @.fﬁﬁy I £ ] @fxmm W:,
4 ‘e vel el S0 \pr PEY [T C : 2 =
7 /“ i al Ve Py |15 0 |y, /Af‘/%)’" VoD

Form E-I (Front)




Appendix E/ 323
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3§ F1/ler e S VWY NN
»/«ﬂ V= Groey s ‘»(’/ for TN VAV AV A v
& $ Fille o v ML AT oy E
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ts cf the American Welding Society ANS
Code-Steel,
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Method of inspection: D}/g"f FPENETRAN T Date
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© 1978 by American Welding Society. All rights reserved.
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WELDING PROCEDURE SPECIF
IFIED

PR

EQUALI

QUALIFIED BY TESTING

IFICATION (WPS) Yes ( }

of PROCEDURE QUALIFICATION RECORD {POR) ‘f@@ { } ]
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Current: AC () DCEP }X) DCEN () Pulsed ( )

Onher

Type or Grade

Thickness Groove

¥z

Diameter {Pipe)

Fillet

FILLER METALS
AWE Specification

AWS Classification

SHIELDING
I

. Gras Cup Bize

TECHNIQUE
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WELDING PROCEDURE
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Project (fpf Z [54/&’?@ FXZ!C/M;@ M E jggéfé
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Manufacturer or contractor
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Form E-8

® 1878 by American Welding Society. All rights resarved.




318 Appendiz E

WELDING PROCEDURE SPECIFICATION (WPS) Yes ( )
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QUALIF
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or PROCEDURE QUALIFICATION RECORD (PGR) Yes { }
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Section 9. Preparatory Work On The Ansys Models

Summary

This section describes the analysis which went into acceptance of the model
results of the Em Structural models. The important result here was an understanding of
the moments and forces which Ansys reported which originally were counter intuitive.
The important result was what happened to the moments one expects in a large structure
and why they do not correspond to classical mechanics, “stiff body” results. These
results and a calculation of the stem plate bending proved that the structural stem plates

were the devices which allowed for rotation and relaxed the large classical moments.
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Section 2. Analysis of the Lifting Fixture in the Horizontal Position
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Section 3. Analysis of the Lifting Fixture in the Vertical Position
Load Case 2 & 3



LC1 ELBOW Siress

Stress Calculator EEric Haggard Ts/Eng 1-27-97 B
L.oad Case 1: Elbow Connection | ‘

Spread Sheet to Calculaie Stresses in Square Tube Beam (Stress imposed on the X-Y plane
X Force ‘ 107

Y Force 38

Z Force 3528

Moment @ X 53108

Moment @ Y -198220

Moment @ Z 453

Area 18

lyy 271

lzz 271 ;

I 542,

Mod. Of Elasticity 29000000,

Dist. Exireme Fiber 5

Torsional Ext. Fiber 7

RESULTS |

Normal Stress (Fz) 192 |

Shear Stress (Fx, Fy) 6

Bending Stress (Mx) 980

Bending Stress (My) -3657

Torsional Shear Stress (Mz) 6

Sigma X 4829

Sigma Y 192

Txy 12

- o term 1 term 2 Sigma 1 Sigma 2
Principle Stress (2D) 2510 2319 4829 192
Equivaient Stress 4736
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LC1 Xbeam Upright Siress

Stress Calculator iEric Haggard Ts/Eng 1-27-97 |
Load Case 1: X-Beam Upright Stress Connection
Spread Sheet to Calculate Stresses in Square Tube Beam (Stress imposed on the X-Y plane;
X Force 22
Y Force 19 B
Z Force 3854 B
Moment @ X -58406 B
Moment @ Y -217212 B
Moment @ Z 740
Area 18
tyy 271
lzz 271 .
Ij 542
Mod. Of Elasticity 29000000
Dist. Extreme Fiber 5
Torsional Ext. Fiber 7.
RESULTS
Normal Stress (Fz) 209
Shear Stress (Fx, Fy) 2
Bending Siress (Mx) -1078
Bending Stress (My) ~4008
Torsional Shear Stress (Mz) 10
Sigma X 5295
Sigma 'y 209
Txy 11
ferm 1 term 2 Sigma 1 Sigma 2
Principle Stress (2D) 2752 2543 5295 209
Equivalent Stress 5193
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LC1 Main Beam Weld Siress

Stress Calculator

iEriC Haggard Ts/Eng 1-27-97
l.oad Case 1: Main Beam Weld Stress |

Spread Sheet to calculate Stresses in Square Tube Beam (Stresses imposed on X-Z plane)
X Force -685
Y Force 1240
Z Force -7580
Moment @ X -100640 ‘
Moment @ Y 460590 i
Moment @ Z 69545 Note: Ansys Result factored By L2/L1
Area 18
Ixx 271
lzz 271
lj 542
Mod. Of Elasticity 29000000
Dist. Extreme Fiber 5
Torsional Ext. Fiber 7
RESULTS
Normal Stress (Fy) 67
Shear Siress (Fx, Fz) 414
Bending Stress (Mx) -1857
Bending Stress (Mz) 1283
Torsional Shear Stress (My) 6010
Sigma X 3207
Sigma Y 67
Txy 6424 1
term 1 term 2 Sigma 1 Sigma 2
Principle Stress (2D) 1637 66183 8250 4975
Equivalent Stress 11570] |

Page 1




LC1 Main Beam Siress

Stress Calculator

EEric Haggard Ts/Eng 1-27-97

Load Case 1: Main Beam Stress

Spread Sheet to calculate Stresses in Square Tube Beam (St

I .
resses imposed on X-Z plane)

X Force -1415
Y Force 0
Z Force -14910
Moment @ X 0 3
Momeni @ Y -135000 Note: Ansys Result Factored by L2/L1
Moment @ Z 0 ‘
Area 18
Ixx 271
lzz 271,
lj 542
Mod. Of Elasticity 28000000
Dist. Exireme Fiber B
Torsional Ext. Fiber 7
RESULTS ,
Normal Stress (Fy) 0
Shear Stress (Fx, Fz) 814
Bending Stress (Mx) 0
Bending Stress (Mz) 0
Torsional Shear Stress (My) -1762
Sigma X 0
Sigma Y 0
Ty 2575
ferm 1 term 2 Sigma 1 Sigma 2
Principle Stress (2D) 0 2575 2575 -2B75
Equivalent Stress 4461

Page 1






LC1 STEM Stress

Stress Calculator

[Eric Haggard Ts/Eng 1-27-97

Load Case 1: Stem Connection

i

Spread Sheet to calculate Siresses in Square Tube Beam (Stresses imposed on the Y-Z pla
X Force -10663

Y Force 1934

Z Force -4317

Moment @ X -69969/

Momeni @ Y 197969

Moment @ Z 251070

Area 18,

lyy 271

|zz 271

I 542

Mod. Of Elasticity 29000000

Dist. Extreme Fiber 5

Torsional Ext. Fiber 7,

RESULTS

Normal Siress (Fx) -580

Shear Stress (Fy, Fz) 257

Bending Siress (My) 3653

Bending Stress (Mz) 4632

Torsional Shear Stress (Mx) -813

Bolt Torsion Shear Slress 151

Sigma X 8864

Sigma Y -235

Txy 1321 7
- ferm 1 term 2 Sigma 1 Sigma 2
Principle Stress (2D) 4315 4738 9052 ~423
Equivalent Siress 9271

Page 1
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LC23 STEM Siress

Stress Calculator !Eric Haggard Ts/Eng 1-27-97
Load Case 2 & 3: Stem Connection ]
Spread Sheet to calculate Siresses in Square Tube Beam (Siresses imposed on the Y-Z pla'
X Force 4145 | |
Y Force -7497
Z Force 2766
Moment @ X 44376 |
Moment @ Y 129950
Moment @ Z 451025 |
Area 18.40 |
lyy 271.00
lzz 271.00
j 542.00
Mod. Of Elasticity 29000000 B
Disi. Exireme Fiber 5.00
Torsional Ext. Fiber 7.07 i
RESULTS i
Normal Stress (Fx) 225
Shear Stress (Fy, Fz) 434
Bending Stress (My) { 2398
Bending Stress (Mz) 8321
Torsional Shear Stress (Mx) 579
Bolt Torsion Shear Siress -587
Sigma X 10944 !
Slgma ¥ 150
Txy 1600

term 1 term 2 Sigma 1 Sigma 2
Principle Siress (2D) 5547 5629 11177 -82
Equivalent Siress 11218

Page 1






L.C23 Main Beam Siress

Stress Calculator

lErlc Haggard Ts/Eng 1-27- 9/\

Load Case 2 and 3: Main Beam Stress {

Spread Sheet to calculate Siresses in Square Tube Beam (Stresses imposed on X-Z plane)

X Force 35 !
Y Force -15000
Z Force 0
Moment @ X - 88940
Momeni @ Y 213 ,
Moment @ Z -135000 Note: Ansys Result Factored By L2/L1
Area 18
Ixx 271
lzz 271
lj 542
Mod. Of Elasticity 29000000
Dist. Exireme Fiber 5
Torsional Exi. Fiber 7
RESULTS
Normal Stress (Fy) -815
Shear Siress (Fx, Fz) 2
Bending Stress (Mx) 1641
Bending Siress (Mz) -2491
Torsional Shear Siress (My) 3
Sigma X 4947
Slgma 'y -815
Ty 5
term 1 term 2 Sigma 1 Sigma 2
Principle Stress (2D) 2066 2881 4947 -815
Equivalent Siress 5401

Page 1



LC23 Main Beam Weld Siress

Stress Calculator

'Eric Haggard Ts/Eng 1-27-97

Load Case 2 and 3: Main Beam Weld Stress |

Spread Sheet to calculate Stresses in Square Tube Beam (Stresses imposed on X-Z plane)
X Force 5060 | ]
Y Force -7500 B
Z Force 2600 i
Moment @ X 45000 B
Moment @ Y -110245 ‘
Moment @ Z -67500 Note: Ansys Resuli Factored By L2/L1
Area 18
Ixx 271
lzz 271
lj 542 .
Mod. Of Elasticity 29000000
Dist. Exireme Fiber 5
Torsional Exi. Fiber 7
RESULTS
Normal Stress (Fy) -408
Shear Stress (Fx, Fz) 309
Bending Stress (Mx) 830
Bending Stress (Mz) ~1245
Torsional Shear Siress (My) -1439
Sigma X 2483
slgma Y 408
Ty 1748

, term 1 term 2 Sigma 1 SBigma 2
Principle Stress (2D) 1038 2268 3306 -1230
Equivalent Stress 4063

Page 1



LC23 Xbeamn Upright Stress

Stress Calculator

[Eric Haggard Ts/Eng 1-27-97

Load Case 2 & 3: X-Beam Upright Connection 1

Spread Sheet {0 calculate Stresses in Square Tube Beam (Stress imposed on the X-Y plane

X Force -525 i

Y Force 0

Z Force 1567

Moment @ X 0

Moment @ Y -13362

Moment @ Z 10592

Area 18

lyy 271

lzz 271

lj 542

Mod. Of Elasticity 29000000

Dist. Exireme Fiber 5

Torsional Ext. Fiber 7

RESULTS

Normal Stress (Fz) 9|

Shear Stress (Fx, Fy) 29

Bending Stress (Mx) 0

Bending Stress (My) -247

Torsional Shear Stress (Mz) 138

Sigma X 255

Slgma v g

Ty 167, ,
term 1, term 2 Sigma 1| Sigma 2

Principle Stress (20) 132 207 339! ~76

Equivalent Stress 383 |

Page 1




1.C23 Elbow Stress

Stress Calculator

;Eric Haggard Ts/Eng 1-27-97

l.oad Case 2 & 3: Elbow Connection

Spread Sheet 1o calculate Siresses in Square Tube Beam (St

ress imposed on the X-Y plane

X Force -3466
Y Force 7500
Z Force -2762
Moment @ X -44373
Moment @ Y 129863
Moment @ Z 441516
Area 18
lyy 271
lzz 271
fj 542
Mod. Of Elasticity 29000000
Dist. Extreme Fiber 5
Torsional Ext. Fiber 7
RESULTS
Normal Stress (I-z) -150
Shear Stress (Fx, Fy) 449
Bending Siress (Mx) ~819
Bending Stress (My) 2396
Torsional Shear Stress (Mz) 5761
Sigma X 3365
Slgma Y -150
Txy 6210
‘ term 1 term 2 Sigma 1 Sigma 2
Principle Stress (2D) | 1607 6454 8061 -4847
Fquivalent Stress ’ 11293

Page 1
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