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1. Overview

The CDF/COT detector is going to replace the CDF/CTC detector. The 3D drawing of the COT
assembly and its main structural components - end plates, outer cylinder, and inner cylinder -
can be seen in the COT Gallows Engineering Note.

The COT was assembled vertically in the structure called COT Gallows. After that, the detector
was removed from the COT Gallows, turned 90 degrees with the Flipping fixture, and placed on
the COT Rotation fixture for the insertion of the sense and field planes.

When the sense and field planes are installed and the detector is ready to be moved from the
Rotation fixture at IB4 to the pit at B0, it is necessary:

o tolift the detector from the Rotation fixture and load it onto a truck:
e to transport it from IB4 to BO;

e tounload it from the truck;

e toinstall it into the cryostat using the Insertion Beam Cart.

The H Frame is the structure designed to be attached to the COT to provide lifting points. In
conjunction with a spreader bar, it provides for the use of crane. It also allows the use of the
Insertion Beam Cart for installation into the cryostat. It is also necessary for the reverse operation
of removing the CTC, which requires it to be compatible with both COT and CTC use.

The design started as a carbon copy of the CTC H Frame and it was revised and updated.
Whenever applicable, the manufacturing of this fixture is required to meet or exceed the
specifications and recommendations for fabrication of the AA and AWS D1.2 codes.

Note: Throughout this note, except for the list of drawings, drawing numbers are referred only
by their 3 last digits. For instance, drawing number 2563.251-MD-339652 is referred as dwghoeh2.

2. Structural Analysis

The COT H Frame was design to meet the ANSI/ASME B30.20-1985 “Bellow-the-Hook Lifting
Devices” standard and 1987 addenda. The two basic design recommendations of this standard
and its addenda are:

¢ Minimum design factor of 3 over the rated load, based on yield strength (20-1.22, p.21) and
e Load test with 125% of the rated load (20-1.4.2, p.22).

2.1 Allowable stresses
The general design criteria adopted were the following:

Hand Calculations:




o  Stresses:
individual stress components should be in accordance with the most stringent of the
following codes:
¢ AA or AISC/ASD (whichever applicable)
¢ ASME B30.20
e  Stability (if compressive forces are present):
¢ AA or AISC/ASD (whichever applicable)

Finite Element Analvysis:

e  Stresses:
Maximum Von Mises stresses (nodal averaging) < 1/3 of the Yield Strength (based on ASME
B30.20).

o Stability (if compressive forces are present):
Buckling Load Factor (linear buckling) > 5 (see references below).

Published safety factors for buckling vary according to the application. A safety factor greater
than 5 is comfortably above what is recommended by some very accepted references as, for
instance, the ASME pressure vessel code (see sec. II, appendix 3, item 3-600 (¢) (1), p.705). It
addresses axial compression of thin cylinders which is experimentally known to be one of the
cases that most diverges from buckling theories. Another example is the Aluminum Association
standard (see th. 3.3.3, p.17), which covers aluminum structures.

Some cases, individually and specifically analyzed, may require different safety factors. The most
severe loading condition happens during operation. The general philosophy in this note is to
verify the stresses in the most critical members and connections only.

2.1, Loads and Analysis

The CTC is heavier than the COT, and it also has the added weight of the CIDT . The following
are the estimated weight of the parts:

Woeor = 3,600 1b
Wi = 4,100 Ib
Wy = 2,200 Ib
W irame = 600 Ib (each)
¥ = 7,500 Ib

Total (2*H+CTC+CDT)

The following analysis is conservative and simplified. It is assumed that the structure has to
withstand W, = 7,500 Ib. The next page contains a table summarizing all cases analyzed, and the
calculations follow.
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Item: a
File: FEA_H_Frame.doc

F.E.A. of the COT H Frame - Assembly

1. Model

When in use, the H Frames are attached to either the CTC or the COT. Modeling this
attachment as rigid would probably vyield reasonable results but would disregard the
flexibility of the detectors. Replacing the detectors with loads at the arms would not add the
rigidity of the detectors, severely amplifying the effects of that load. To analyze the H Frame
accurately, the model should include the COT or CTC. A model of the COT existed already so
it was just a question of adding it to the H Frame model. For a brief description of the
COT/CTC models see annex.

A model of the H Frame attached to the COT was analyzed to observe the effect of this load
and support condition on the COT. The most severe load for the H Frame is with the CTC,
which has heavier end plates and the added weight of the CDT. The analysis was done
modeling only one half of the H Frame + CTC and symmetry boundary conditions were
applied.

2. Parameters used

- Program: SDRC [-DEAS Master Series v. 4.0 / Simulation.
- Analysis: Linear Statics
- Geometry, elements and properties:

CTC End Plate with electronics

E = 6x10" psi density = 2.409x10" Ibf.sec’ /in’ OD  =107.670in
v = (.30 thickness = 2.000 in D =31.843in
Element: Shell, Parabolic, average mesh size: 4 in.

Outer Cylinder with CDT
E = 1x10" psi density = 8.679x10™ Ibf.sec’/in’ ¢ =107.670 in

v = (.33 thickness =.250 in
Element: Shell, Parabolic, average mesh size: 4 in.



Inner Cylinder

E = 8.6x10° psi density =2.150x10" Ibf.sec’/in*
\Y = 0.30 thickness =097 in

Element: Shell, Parabolic, average mesh size: 4 in.

Center Plate

E = 1x10 psi v =033 density = 2.539x10™ Ibf.sec’/in’
Element: Shell, Parabolic, mapped mesh.

Side lugs

E = 1x10" psi v =0.33 density = 2.539x10" Ibf.sec’/in'

Element: Shell, Parabolic, average mesh size: in.

Top and Bottom bars

E = 1x10" psi v =0.33 density = 2.539x10™ Ibf.sec’/in’
Element: Shell, Parabolic, average mesh size: in.

Lifting Arm

E = 1x10’ psi v = 0.33 density
Element: Beam, Linear (7x6.38x1).

Horizontal tubing

E = 1x10" psi v =0.33 density
Element: Beam, Linear (8x4x'%).

Vertical tubing

E = 1x10" psi v = 0.33 density
Element: Beam, Linear (6x4x%4).

f@mpmary Foot

E = 3x10" psi v = 0.29 density
Eﬁiemenﬁ:: Beam, Linear (7x7x a/s).

) = 31.843 in

thickness = 1.000 in

thickness = 1.500 in

thickness = 1.875 in

= 2.539%10" Ibf.sec’/in’

= 2.539x10" Ibf.sec’/in'

= 2.539x10™ Ibf.sec”/in'

= 73174 x10™ Ibf.sec’ /in®

The connections between shell elements and beam elements were made by rigid elements.

3. Cases

- Boundary and loading conditions:

resirains loading [2]
Case half of temporary center plate lifting litting
CTC foot horizonial bars | vertical bars | points DOINis
1 symmetry [1] - Y X - -
2 symmetry [1] Y - - - -
3 symmetry [1] - Y 12050 Ibin X

Notes: [1] symmetry = RX fixed, RY fixed, Z fixed and X free Y free, RZ free.
[2] loading in addition to own weight, applied to each indicated point.




4, Results

The maximum (Von Mises) stress and safety factors are indicated in the table bellow. The
minimum safety factor in relation to yield strength is 4.1.

8 x 4 (horiz) | 6 x 4 (vert)|center plate |lifting arm |temp. foot
Aluminum alloy  16063-T52  |6063-T52 |6061-T651 |6061-T651 |AS00B steel
oy (ksi) 16.0 16.0 35.0 35.0 46.0
AA allowable(ksi) 6.5 6.5 16.0 16.0 27.1 (AISC)
AA Table 3.3.28 3.3.28 3.3.27 3.8.27 Chapter £
AA Spec. No. [3] 14 14 4 4 E2-1
Case [1, 2] o] SFi o |8F| o© SF g | 8F| ¢ S
1 3.8 142 3.9 141 58| 6.0 1 3.1 111.310.01{9200.0
2 2.8 57| 29 |55 3.2 1091 2.9 [12.1] 0.2 | 2300
3 2.8 |57] 20 18,0} 3.4 11031 3.5 |10.010.01]9200.0
Notes: [1] o = Maximum Von Mises, ksi.
[2] BF = ratio between ¢ and oy.
[3] Allowable for aluminum parts within 1.0 in. of a weld.

As far as buckling, for all practical purposes, the AA allowable compressive stresses are higher
than the allowable from ASME'. The maximum compressive stresses are equal or smaller than
the Von Mises stresses as shown above.

Ang Lee performed buckling analyses in ANSYS as a cross check for the worst case scenario-
case 1, and found no buckling. See results attached.

Hence, the H Frame members are OK.

' The ASME allowable for 6063-T5 is 5.3 ksi . For the 6x4 or 8x4 tubes, the allowable compressive stress from AA
Tb. 3.3.28, Spec. No. 14, only gets that low for lengths in the order of 250 yards! Note that, for rectangular tubes,
5/1=2/d. Also, the AISC recommends K.1/r < 200 and, with K=1,1<322 in for the 6 x 4 anyway.



Allowable Stresses - Compression

AISC / ASD, 9thed., p.5-42, sect. E2., allowable stresses:

Member: 7x3x3/8 structural tubing

K: Table C-C2.1, p.5-135:

K =1 (conservative)

Mechanical properties of material (ksi):

Fy = 46 E := 29000
Unbraced length of column (in):
1= 22.09

Governing radius of gyration (in):
r= 2.68

Allowable stresses (ksi):

2
) 2 B . )
OTCIRE T — Ce=1116
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k) ~
Fa = ifH ‘\Eﬁj }>C,<:J ,FaZ ,Fal
Y I’ /

Hence: Fa =27.1

Kl

Fal =271

FaZ = 2198.0

(F2-1)

This means that if (K.1/1) > Cc, Fa = Fa?2,

otherwise Fa =Fal.
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The Buckling Analysis for the H frame (EAR 261)
used in COT/CDF Structure

Ang Lee
May 11, 1999

As requested by R. Silva, this analysis is to study the buckling factor for the H
frame used in the COT/CDF structure. The buckling analysis is based on the two
approaches: the first approach is to use the eigenvalue method 1o estimate the bucking
factor, and second method is to utilize the large deformation approach by increasing the
load gradually up to the point where the structure becomes unstable. The Figure 1 shows a
H frame structure details with a COT attached. The frame is supported at the center plate,
top and bottom as shown in Figure 1. The vertical load is about 7500 Ibs including the
weight of the COT and H frame. The Z force is about 4500 1bf over the end plate. Both
methods show that the buckling safety factor for a given condition will at least have 5,
compared with operation load. Therefore, it is concluded that the H frame will satisfy the
concern in terms of the buckling issue.
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ANNEX
Brief background on COT modeling

Z deflection of the end plates

The COT end plate is difficult to model because of the slots. Models of the end plate were done
by Vic Guarino (ANL) in Cosmos-M and Ang Lee (FNAL) in ANSYS. They predicted a
maximum deflection in Z of about 1/4 in, more precisely .248 in. Later on, one of the end
plates was load tested (with vacuum) up to about 2/3 of the full load and, extrapolating the
deformation measured experimentally to the full load, the maximum deflection would be .268
in, 8% above the predicted value.

More recently, measurements were made with the detector assembled and resting on the
rotation fixture in the IB4 clean room, during the pre-loading of the end plates. The plates are
supported evenly at the IDD but at the OD the area of the outer cylinder near the staves is
considerably more rigid than were the cover plate openings are. That created a .005 in
variation at layer 8, which practically disappeared by the end of layer 6. Measurements were
made in gas extrusion slots - see "half" slots, "W" section on drawings 339032 sht 5 of 6 and
339037 sht 5 of 6, near the center, the ID and the OD. The relative deflection between these
points was:

ot 4 %) in relation to ID (Slot %) =239 in

Center (51
Slot 4 %) in relation to OD (Slot 8%) = .215in

Center (

X and Y deflection of the end plates

When the plates were at Brenner resting vertically on two points about 90 degrees apart, it was
noticed a vertical contraction and horizontal expansion of the 1D in the order of .005 in. The
"ribs"” between slots are about 1/8 in x 1 5/8 in x 4 1/2 in. The inertia moment of the "ribs" in
the 15/8 in (Z) direction is approximately 170 times larger than across the 1/8 in width.

Modeling a solid plate vertically so it deforms as the real end plate requires the Elastic
Modulus to be reduced from 1x10” psi to 6x10° psi.

Can modeling

The COT end plate was modeled as solid plate (with no slots) and reduced Elastic Modulus
(6x10" psi) and density so the total weight would be 900 Ib. With the outer cylinder and inner
cylinder rigidly attached to the end plate, the load required to deform the end plate by .248 in
in Z was then iteratively determined. Various support conditions were explored, as seen in the
attached spreadsheet Can_FEA.xls. Half of the can was then attached to the H Frame model

with boundary conditions of symmetry at the center. Last, the CTC end plate properties
replaced the COT's.
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2.2. Analysis Of Connections:

Some of the connections required more accurate estimate of the actual loading. These
connections were analyzed with loads obtained form the FEA model, as shown on the table in

the following page. The criterion used was to select the node (or nodes) that generates the largest
resultant load.
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2.2.1. Welded Connections

According to the ANSI/ASME B30.20-1985 “Bellow-the-Hook Lifting Devices' item 20-1.2.2(a),
all welding shall be in accordance with ANSI/AWS D1.1. Extending this requirement to
aluminum structures, AWS D1.2 should be used. AWS 1.2 determines that the allowable
stresses in welds should be in accordance with the Aluminum Association standard.

All welds were sized to be equal or larger than the minimum size fillet weld from AWS D1.2
considering the parts to be joined. To avoid cracks (because of thickness of the center plate) and
pre-heating, the welds were made with 4043 filler wire.

The Aluminum Association specifies the allowable shear stress for welds with the alloys 6061
(tempers T6, T651, T6510 and T6511) and 6063 (tempers T5 and T6) when welded with 4043 filler
wire as 5.0 ksi. This is also below the general 1/3 of yield specified by ANSI/ASME B30.20-1985
“Bellow-the-Hook Lifting Devices". Hence:

F = 5,0 ksi.

allowable
It should be noted that, in hand calculations, shear is not combined with normal stresses in
bending of members because these two kinds of stresses are present in different parts of the
members [']. However, in welds under off-plane bending, both kinds of stresses may be present
in the same region. So, they should be vectorially added.

The welded joints are identified in the next pages. The method used for calculation of stresses in
welds in this note is the elastic vector analysis. For simplicity, on joints A, B, C and G, the loads
and moments were conservatively assumed to be the applicable load divided by the number of
joints (times the lever arm, if a moment). Joints D, E and H were analyzed using individual forces
acting on the joint taken directly from de FEA, as shown previously. The welds on joint I have
no structural function: they only keep the plate in place to facilitate screwing during assembly.
The calculations are summarized in the welds summary table. All stresses are below the
allowable stress of 5.0 ksi.

[']See Roark and Young, Formulas for Stress and Strain, 6" ed., p.97 and Shigley and Mischke, Mechanical Engineering
Design, 5" ed., p.5l.
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2.2.2. Bolted Connections

Referring to the drawing next page, joints 1, 2, 3 and 4 need to be checked. Joint 5 does not
require analysis. The vertical adjusting screw and the lifting point require only proper thread

engagement. All these joints are located in the same spots as the welded joints analyzed

previously, except for joint 2A. Joint 2A has more space between the screws, smaller forces and
smaller moments than joint 2, hence if joint 2 is OK joint 2A is also OK. The loading used is the
same used for the welds, as in the table below:

bolted

weided

1

2

3

4

Adjusting

Lifting

o> CIOm

All screws are connected to tapped holes. The tapped holes are made in 6061-T651 aluminum
plate. For this reason, in spite of the used bolts being made out of carbon or stainless steel, the
allowable stresses used are for 6061-T651 aluminum, as per AA tables 5.1.1a and 5.1.1¢:

Joint stresses (ksi) dia (in) length load (kips)
# shear tensile bearing | nominal root (in) shear tensile bearing
2A 12.0 18.0 35.0 5/8 0.5152 11/16 3.7 3.8 15.0
All others 12.0 18.0 35.0 5/8 0.5152 1.0 3.7 3.8 21.9

There are no bearing connections in this structure. The allowable tensile and shear loads are very
close so the smaller of the two, the shear, is going to be used as the allowable to be compared
with the resultant load on the joints. So:

R

P allowable ™

3.7 kips.

All loads on the bolts are below this allowable,

The thread engagement and torque are also calculated. The minimum thread engagement was
calculated to be .60 inches, which is OK for all joints. A test was done with 5/8-11 screws in
tapped 1 inch thick aluminum and the threads were reusable up to at least 300 ft-Ib and there
was no failure up to 600 ft-Ib. The calculations recommend 105 ft-1b, value that will be used.

The next pages contain the drawing identifying all the bolted joints, a summary of the analysis of
bolted joints and the calculations.
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Bolted Joint: 1

File: Jointl.mcd

Calculations based on Structural Engineering Handbook, 31 ed, Chap 8, McGraw-Hill.

Allowable shear load from AA (kips):

Tension from off plane bending around x:

Bending moment, from FEA (in-kips):
Number of columns:

Vertical spacing between bolts (in):

The horizontal spacing is not constant so, for simplification, it will be
conservatively assumed to beconstant and equal to the smallest one:

Horizontal spacing between bolts (in):
‘M

Estimated number of rows: n = -m«é«mm

prmR

Number of rows:

C.Go xeg = f( m - 1) xcg =3
Calculation of Zy2: buf = 5

int = floor(buf) int = 0.00

k= if((frac=0) ,int, (int + 1))

k
Zy2 = 2-me } 5 ((j~ frac)p)
Max. tension on bolt (kips): Tz = E/LZ;&%
2y

Shear fom in plane bending around z:

Bending moment, from FEA (in-kips):
Number of columns:

R =37
M = 12.38
m =4

p =275

g 1= 2.00
1o 2
p
O = e TL
yeg = (

frac = (buf - int)

o= 1.00

2y2 =151

Tz =11
M = -5.946
m = 2

1)

The vertical spacing is not constant so, for simplification, it will be

conservatively assumed to beconstant and equal to the smallest one:

Vertical spacing between bolts (in):

p = 2.00

yeg = 1.375
frac = 0.50



Horizontal spacing between bolts (in): g = 2.75

Number of rows: n = 4
C.G: xeg ‘xm (mw 1) xcg = 1.375 yeg = «?(nm 1) ycg = 3
-1 )
Calculation of Zy2: buf = Smim
int := floor(buf) int = 1.00 frac = (buf - int) frac = 0.50
k = if((ff‘acm()) int,(int+ 1)) k =2.00
Sy2 = 2-m- Z ~ frac)-p) Sy2 = 40.0
, -1
Calculation of Zx2: buf = ——e
int = floor(buf) int = 0.00 frac = (buf ~ int) frac = 0.50
k= if((frac=0),int,(int + 1)) k= 1.00
k
- 5
5 - e i - /:“‘(A o) ex2 =151
2x2 =2 :}mg ((j - frac)-g) 2x2 =151

Max. x shear on bolt (kips): 5x =-0.5

Max. y shear on bolt (kips): Sy =-0.4
Direct shear:
Ly, from FEA (in-kips): P =-953
, P :
Shear (kips): Vy 155 e Vy = 0.1
men
Combined loads:
Total resultant load (kips): Tt J Tz + (S5y + Vy) 2 + Sx9 Tt=14

Conclusion:

R (3.7) > Tt (1.4) = bolts are OK.



Bolted Joint: 2
File: Joint2.mcd

Calculations based on Structural Engineering Handbook, 3™ ed, Chap 8, McGraw-Hill.

Allowable shear load from AA (kips):

Tension from off plane bending around x:

Bending moment, from FEA (in-kips):
Number of columns:
Vertical spacing between bolts (in):

Horizontal spacing between bolts (in):

S -6 M
Estimated number of rows: G S——
prm-R

Number of rows:

C.Go oxeg = i%f(:m - 1) xeg = ()
" . P L, n=1
Calculation of Zy2: buf = e

int = floor(buf) int = 0.00

k= if((frac=0),int,(int + 1))

.
2y2 = 2 >4 ((}‘ fra{:)ep)”’”
j=1

Max. tension on bolt (kips):

Tension from off plane bending around y:

Bending moment, from FEA (in-kips):
Number of columns:

Vertical spacing between bolts (in):
Horizontal spacing between bolts (in):

R =37

= - 6,884
m = ]
p = 5.09

g = 2.94

n=1.48

frac = (buf - int)

k = 1.00

Ty2 = 13.0

Tzx =-1.4

M = ~1.695
m =
p = 2.94

g = 5.09

frac = 0.50



Estimated number of rows: RE T (-
pm-R
Number of rows:
: =8 _
C.G: xcg = 5 (m-1) xcg =0
) n-1
Calculation of Zy2: buf = wm;w

int = floor(buf) int = 0.00

k= if((frac=0),int,(int+ 1))

k
. . B v 2
Zy2 = 2-m- L ((j ~ frac)p)
j fon l
. . . M-ycg
Max. tension on bolt (kips): Fzy = s
Ly2
Shear fom in plane bending around z:
Bending moment, from FEA (in-kips):
MNumber of columns:
Vertical spacing between bolts (in):
Horizontal spacing between bolts (in):
Number of rows:
C.G: xeg = f(m - 1) xeg =0
Calculation of Zy2: buf = e
2

int = floor(buf) int = 0.00

k= if((frac=0),int,(int + 1))
k
sy2=2me > (- f
y2 = 2me L ((j~ frac)p
j:: 1

)Z

m o~ 1

Calculation of Zx2: buf = WE.,M

int = floor(buf) int = 0.00

1%
cg = —(n~1
yeg z( )

frac = (buf ~ int)

k =1.00

Sy2 = 4.3

cg = (N
pASE: ?(

frac := (buf - int)

k =1.00

2y2 = 13.0

frac = (buf ~ int)

frac

frac

frac

yeg = 1.47

= (.50

= 0.50

= (.00



k= if((frac=0),int,(int+ 1)) k = 0.00

1

k
X2 1= 2o Z ((j - frac)-g)” X2 = 34.6
j=1
M-
Max. x shear on bolt (kips): Sx = LB Sx = 0.0
rx2
: M-ycg
Max. y shear on bolt (kips): Sy = : Sy =-0.3
2y2
Direct shear:
Lx, from FEA (in-kips): Lx = .134
L
Shear (kips): Vx = X Vx = 0.1
m-n
Ly, from FEA (in-kips): Ly = -.862
L
Shear (kips): Vy = A Vy = -0.4
men
Direct tension:
Lz, from FEA (in-kips): Lz = 378
Lz
Tension (kips): Ty 1= 1z = 0.2
men
Combined loads:
[ 2 2 2
Total resultant load (kips): Tt = /\1 (Tzx + Tzy + Tz)" + (Sy + Vy)  + (5x + Vx)~
It=109

R (3.7)> Tt (1.9) = bolts are QK.



Bolted Joint: 3
File: Joint3.med

Calculations based on Structural Engineering Handbook, 314 ed, Chap 8, McGraw-Hill.

Allowable shear load from AA (kips):

Tension from off plane bending around x:

Bending moment, from FEA (in-kips):
Number of columns:
Vertical spacing between bolts (in):

Horizontal spacing between bolts (in):

. ) 6-M
Estimated number of rows: F3 T R——
prmR

Number of rows:

C.Gr o xeg = %(m - 1) xeg = 4.5

Calculation of Zy2: buf = ﬂ(}g
int = floor(buf) int = 0.00
k= if((frac=0) ,int, (int + 1))

k
L . 2
Zy2 = 2eme >§ ((j— frac)p)

=3
Max. tension on bolt (kips): Tox = - 28

2y2

Tension from off plane bending around v:

Bending moment, from FEA (in-kips):
Number of columns:
Vertical spacing between bolts (in):

Horizontal spacing between bolts (in):

R =37

M = 6.878
m =2

p =50
g =90

n = 1.06

o= 2

P
yeg 1= f/;<n

= 1.00

Ty2 = 25.0

Tex = 0.7

frac = (buf ~ int) frac = 0.50



Hstimated number of rows:
Number of rows:

C.Go xeg = %;'(m - 1) xcg = 2.5

Calculation of Zy2: buf = W,;W

int = floor(buf) int = 0.00

k= if((frac=0),int,(int + 1))

k
w2 = 2eme S (5 - frac)p)
2y2 = 2-m /. ((j~ frac)p)
=1
M-
Max. tension on bolt (kips): Tzy = LR
' ” ry2

Shear fom in plane bending around z:

Bending moment, from FEA (in-kips):
Number of columns:

Vertical spacing between bolts (in):

Horizontal spacing between bolts (in):

MNumber of rows:

C.Go xeg = % (m - 1) xcg = 4.5

L -1
Calculation of Zy2: buf = &~
int = floor(buf) int = 0.00

k = if((fracm’O) int,(int + 1))

S92 = 2.m Z

Calculation of Zx2:

j - frac)-p)

buf = 271
2

int := floor(buf) int = 0.00

n = 0.69

n. =4

p
CY T e -1
yeg 2(r‘x )

frac = (buf ~ int)

k =1.00

zy2 = 81.0

Tzy = 0.3

M = 1553

frac = (buf -

k= 1.00

2y2 = 25.0

int)

frac := (buf - int)

yeg = 4.5

frac = 0.50

frac = 0.50

frac = 0.50



k = if((frac=0),int,(int + 1))

k

B2 = 2me Y (- frac)g)’

j=1

Max. x shear on bolt (kips):

Max. y shear on bolt (kips):

Lx, from FEA (in-kips):
Shear (kips):

Ly, from FEA (in-kips):
Shear (kips):

Direct tension:

Lz, from FEA (in-kips):

Tension (kips):

Combined loads:

Total resultant load (kips):

Conclusion;

Sx

Sy

Lx

Vx

Vy -

R (3.7) > Tt (2.3) = bolis are QK.

_ M-xeg
22

_ Mycg

Zy2

= 1,087

k= 1.00

2x2 = 81.0

Sx = 0.9

Sy = 1.6

Vx = 0.3

Vy =02




Bolted Joint: 4
File: Joint4.mcd

Calculations based on Structural Engineering Handboolk, 3 ed, Chap 8, McGraw-Hill.

Allowable shear load from AA (kips):

Tension from off plane bending around x;

Bending moment, from joint C (in-kips):

Number of columns:

R =237
M = 6.6
m = 2

The vertical spacing is not constant so, for simplification, it will be
conservatively assumed to beconstant and equal to the smallest one:

Vertical spacing between bolts (in):

Horizontal spacing between bolts (in):

Hstimated number of rows:
Number of rows:

C.Go xeg = %-(m - 1) xcg = 4

Calculation of Zy2:

int = floor(buf)

k= if((frac=0),int,(int + 1))

k
] v 2
2y2 = 2o Eﬂé ((j - frac)-p)
j B /j
Max. tension on bolt (kips): Tz = Myee
‘ 252

Shear fom in plane bending around z:

Bending moment, from joint C (in-kips):

Number of columns:

p =40
g = 8.0
n=1.716
7 om

Tz = (0.1
M = 30.5
m = 2

- int)

The vertical spacing is not constant so, for simplification, it will be
conservatively assumed to beconstant and equal to the smallest one:

Vertical spacing between bolts (in):

p = 4.0

yeg = 10

frac = 0.50



Horizontal spacing between bolts (in): g = 8.0

Number of rows: ni=6
o - & _ R -

CG: xegi==2(m~-1) xcg =4 ycg =5 (n-1) ycg = 10

, § n- 1 )
Calculation of Ly2: buf = 5
int = floor(buf) int = 2.00 frac := (buf - int) frac = 0.50

= if((fracm‘“()) int,(int+ 1)) k = 3.00
2 N

Sy2 = 2-m- Z - frac)p) Sy2 = 560.0

: -1
Calculation of Zx2: buf = mwimm
int = floor(buf) int = 0.00 frac = (buf - int) frac = 0.50
k= if((frac=0),int,(int + 1)) k =1.00

k
X2 = 2. ) ((j- frac)g) 2x2 = 192.0
j ]

M-xcg

Max. x shear on bolt (kips): B 5x = 0.6
22

Y ; R V? -yeg ;

Max. v shear on bolt (kips): BY 15 et 5y = (0.5

' 2y2

Direct shear:

Ly, from FEA (in-kips): P = 1.875
P .

Shear (kips): A Vy = 0.2
m-n

Combined loads:

Total resultant load (kips): Tt = ATz" + (Sy + Vy)™ + 5x Tt = 0.95

Conclusion:

R (3.7)> Tt (.95) = bolts are QK.



Joint: All

File: Thread_all.mcd

Minimum thread engagement

Machinery’s Handbook, 24 ed., p.1324. Data required: p.1544-1566.
Minimum thread engagement to assure failure on externally threaded part.

Internal thread (6061 _T651 aluminum):

5
Basic major diameter (in) : D= 2
Pitch (threads/in): n= 11
Max. minor diameter (in): Kn = 5460
Max. pitch diameter (in): En = 5732
Min. tensile strenth (ksi): oi =42
External thread (18-8 stainless steel):
Min. major diameter (in): Ds = 6113
Min. pitch diameter (in): Es 1= 5589
Max. tensile strength (ksi): ge = 80
Hence:
[ o7\’
Ats = 78541 D o) 50: Ats = 0.226
! noJ
50: Ath = 0.220
50! At =0.226
2- At ) -
Le = - 50: Le = 0453
o Kn (5 4+ (57735 n-(Es ~ Kn)))
S I T . »
As = ﬁi°H”L8*Kﬂ’[v:}«~m + 57735-(Es - Kn) s0: As = 0.452
2N
An = n-n-Le Ds: 5 + 57735 (Ds ~ En)} S0: An = (0.645
-1
As-ce
] im s 80! J=1.334
An-ci
Q=] Le 50: Q = 0.604

Engagement = if((J>1),0,Le) sO: Engagement = 0.604



Joint: All
File: Torque_all.med

Torque Required

The calculations are based on the methodology presented by Shigley & Mischke, Chapter 8.

For permanent connections, the pre-load is based on ASD recommendations (Table 4, p.5-274) of
tension required of 70% of tensile strength plus 5% for torque wrenches (total of 78.5%).

For reusable connections, the pre-load is based on Shigley & Mischke, Chapter 8, p. 349, equations
8-25 or 8-26, representing 75% of the proof load or, in the abscence of that, 85% of the yield strength.
As the screws are connected to tapped holes in aluminum, aluminum properties will be used.

Type of connection assumed in this case: Reusable,

Bolt Tensile /Proof/ Yield Stress (ksi):
Req. Bolt Tension, ASD/Shigley (ksi):
Torque Factor, (Zn=.2,Blk=.3), p.347:

Major Screw Diameter (in):
Pitch (threads/in):

Grip Threaded Length (in):
Grip Unthreaded Length (in):

Bolt Elastic Modulus (ksi):

External Tensile Load (kips):

Threaded Mermber Elastic Modulus (ksi):
Threaded Member Thickness (in):

Unthreaded Member Elastic Modulus (ksi):
Unthreaded Member Thickness (in):
Washer Diameter [D=1.5xd] (in):

Half-Apex Angle (°):

T
01 e o = 0,524
180
— 9743\%
At 7854 d - L At = 0.226
N noy

wEt-d tan(a)
kt =

(2-tttan( o) + D - d) (D + d)
(2-tttan( o) + D+ d) (D~ d)

In {

kt = 36563.17

1 o 4
. KM = 1.83-10

Total Bolt Load from Req. Bolt Tension (kips):

Preload - Clamping Force (kips):

Torque Required (ft-1b):

!

¥b = 35
Rb = 85 TFb Rb =298
K=.3

5
d =

8
n.= 11
It = 1.00
Id = 1.00
Eb = 2.9‘104
Pi=0
Beo= 1 -104:
t = 1.00

4
Bu o= 1107
= 1.0
= 175
a = 30
T 7 ) .
Ad = d Ad = 0.307
Ad-AtEb NG
Kb v kb = 3.797 10
Ad -t + Atld
7-BEu d tan(o)

ku =

(2tutan(o) + D+ d) (D~ d)

H(z—m-mn(a) +D~d)(D+ a)”
In ;

ku = 36563.17

B kb

" kb + KM
Fb = Rb At
Fi=Fb-CP

. KFi-1000d
12

C=0.171
Fb = 6.7
Fi=67
T =105



3. Load Test

The H Frames should be load tested at 125% of the operational load (6,300 Ib + own weight =
7,500 1b) so the test load would be at least 8,175 b plus own weight, totaling 9,375 1b. The frames
should be put together, connected by the lifting arms (dwg # 661) and tested as shown in the next

page.



330 CoW0 T S5 & {9040+ AG PB110id

{wim W01 81 $418) ("Nim WIOL @1 SL18)
1HO13R IHD13R
1831 WNOILIVE3d0o
DN IS ——
/
| Cwm ion 83 s019)
X

3
H
|
IRETS H
T | 1HO 13
:
H
}
]
|

N Jm«./

f
s Fu /Y
g ]
o " X %
M h=d =4
i
| oo _
| 1 ; ST ; - ol
3GIS LY1d { | I g M
- 1003 ANYUOJKIL HIONA i i i
wiHS 38N03W 0SIV } (. {
_ - %l o h\
£ A ] D T I PR €
. i LRSS XSRS * %
ot i [P ! ) :
7
\\\\\.m
B - s
L F | w 3
\w i [ &
M U L - .
8 f
el V4
L S2100¢ 18018 LG X L1 X .2
g g
- 1 v\|srl
g
r\ IS
553010 19915 L9 X . % L& ) oS
[ UVE HICYIYSS
Y
] OZSwL\
oziml\ ¢

| 4YE K3QVIUSS |

1S3L ONIONVYLS 1S3L ONITLAET




4. Drawings

Drawing Number:

2563.251-MID-339652

2563.251-MB-339458
2563.251-MB-339661
2563.251-MB-339662
2563.251-MB-339663
2563.251-MB-339665
2563.251-MB-382038
2563.251-MB-382073
2563.251-MC-339659
2563.251-MC-339660
2563.251-MC-339664
2563.251-MC-339666
2563.251-M13-339653
2563.251-M13-339654
2563.251-M1D-339655
2563.251-M1D-339656
2563.251-MD-339657

2563.251-M1D-382033

Title:

PPD/CDF

PPD/CDF
PPD/CDF
PPD/CDF
PPD/CDF
PPD/CDF
PPD/CDF
PPD/CDFE
PPD/CDF
PPD/CDFE
PPD/CDF
PPD/CDFE
FPD/CDF
PPD/CDF
PPD/CDE
PPD/CDF
PPD/CDF

PPD/CDE

COT H Frame

COT H Frame

COT H Frame

COT H Frame

COT H Frame

COT H Frame

COT H Frame

COT H Frame

COT H Frame

COT H Frame

COT H Frame

COT H Frame

COT H Frame

COT H Frame

COT H Frame

COT H Frame

COT H Frame

Assembly

Vertical Adjusting Screw

Lifting Arm

Sling Protection Plate - Right Mounting Angle
Sling Protection Plate - Left Mounting Angle
Sling Protection Plate

Sandwich Plate

Horizontal Adjusting Screw

Temporary Foot - Guide Side

Temporary Foot - Flat Side

Center Plate Protection Channel

Center Plate Assembly

Upper Left Horizontal Tube Weldment
Upper Right Horizontal Tube Weldment
Lower Left Horizontal Tube Weldment
Lower Right Horizontal Tube Weldment
Center Plate Weldment

Vertical Tube Weldment
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sNO TEST RESULTS
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VARDE METALS, INC, 02500200 CT 698332
71 HURIZON DRIVE
INVDICE NO. IVOICE DATE
BRISTOL ¢ 06010 /
GROBB WEIGHT BA WO QATR GHIPHED
- - 1328 808321 /
YARDE METALS - SOUTHINGTON ia
OLD PRATT AND WHITNEY BLDG. OPEN TOP
45 NEWELL STREET Fog
SOUTHINGTON 7T 06489 DEST N
CUBTOMER P.O NG GOVT. CONTRACT HO. AUTHORIZFD IGNATURE(S)
P81124CG006 / /
Bradueta s followe - . :
ASTM B 221-56 BLIZABETH . CHIRICO 12/'11/98

QQ-A-200/9D AMS-QR-A-200/9

MARKEDN

DRDER MUIETER ALLOY AND TEMPER

QUALITY BYSTEMB MANAGER

Wo Teroby canily thel the matwenel wversd by this MpOR Fas beun inepedied i lestsy o
ecoordanes with the Saellers standerd sempling plan cr the niquirermsmia of ery apacifiontt

of the malerls! desenbed In Vs teport Brd hus buen found to mee! the appleable
requiremenis deeribed Pefeln, end et gamples Iepreasniative of the material AR 16
cpmpositon mite and e the Wedhsnies) propanies shovm, Also, Aote @il Mesoury le pol &
nosmal contervnsnl 1a slusninum elloys. Nelher Mareury M BRy of its oNREoUNGY are waed

 in the monulgetse of cur satusions.
s ALUMAX DISTRIBLITION & INDUSTRIAL PRODUCTS

698332 6063-T52
R | o | e
002 (RECTANGULAR TUBE 41043 10 1317
4.000 X 6.000 X .25 WALL pe VARDE METALS, INC. CERTIFIES THAT
T = § Lo Ao o
?;:; :,2 ; 000 6.000 £ 250 F%% -0 IS 15 A THUE COPY OF THE DRIGINAL
ot . e e . BILL TE LT REPORT KCW CHFILE,
wre [ W 5.586 F 07 0 7.20 ) 1 BEGEIVED AND INSPECTED
BNDL
LEG 21 1986
BY @c forna & Thagbous
DARLEENE E, MADORE
MECHAMICAL PROPERTIES CERTTFURTION CIERR
RACR " SIRENCIR IR el ELONG % I OR 40
LT NUMBER PROMITO &g%%g% TENSLE VIELD" B CONBUCTIVITY i
[ PAAY, DA BRAE. 7918, AAE AN AN,
666392-002 B/A1 74,6 | 2a.9 V18,7 |[18.7 16,0 [16.0
i
. !
) CHERIGAL COBPOBITION B FERCENT BAXIMUN UMLEBE SHDWM AS A RANGBE
ALLOY SILICON IRON COPPER MANGANESE MAONESTIUM CHROMIUM #TIND  TITANIUM
6063 0.20-0.6 0.35 0.10 0.10 0.45-0.% 6.310 0.10 0.10

OTH/EACH OTH/TOT ALUMINUM
0.05 0.45 REMAINDER

A BUSINESS UNIT OF ALUMAR BEII-FABRICATED PRODUCTE GRQUP
- KIPG PER SQUARE INCH, ONE KIP EQUALS ONE THOUSAND

o WHEN 2 OR MOR

CAIMDY,
TESTH PR RACK ARE MADE, THE H!GHEST&NE) LOWUST VALUES ARE REPORTED,

g
=0 ViELD STRENGTH 1S DETERMINED 8Y THE 8 2% DEFSEY Ma T

05 04 i%yﬁg%gf (7} !
¢ LAQMJ oACeh e 4

ki
JYNAZBHANGT -2 0 W METALYS

[pe 1371+

Fo: DHOBLR24E Part -

YARDE METALS inr



05705798 15:34 T9011441752733301

PO. BOX 188

an blons Oinmnany
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CERTIBIED INSPECTION REPORT

OROERITEM NUMBER: 271901 cUSTOMER: YARDE METALS TNC
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