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1. Front Stand Dimensioning

1.1 Structure characteristics

The front and the back stand are identical. All tubes are 5”x5” — Thickness 3/16, Structural
Steel ASTM A 500 GrB.
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Bolted Spacers
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External Stand - Vertical Support D0O70587-00-D Shest 2/4
External Stand - Horizontal Support DO/058/7-00-D Sheet 314
External Stand - Angle Support DO/0587-00-D Sheel 4/4
External Stand - Spacer DO70521-00-D {Bolted NO Weldment)
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e Section 57*5”:
Principal Moment of inertia: I, =3.07*10"m* (1)
Section modulus: Z =4.84*10"m° 2)
Section area: A=1.19*10"m? (3)

e Structural Steel ASTM A 500 GrB:

Tensile Yield Strength: Gyieq = 315 Mpa 4)
Ultimate Tensile Strength: G uimate = 400 Mpa (5)
Modulus of elasticity: E =199 Gpa (6)
e Load:

We assume that all the mass of the ISI can be temporarily held by one stand. The mass of the
ISl is:

M = 5630 pds (7)
P=25100 N (8)

Values based on Solidworks Model: p06109-400-A Asm, HAM lIsolation Table.

1.2 Static Dimensioning
Several analyses have been done:

- Finite Element Static analysis using beam elements. This analysis permits to evaluate with
accuracy the maximum stress far from the joints (far from the connections between the
beams). It also permits to compare results using different boundary conditions.

- Finite Element Static analysis using 3D elements. This analysis permits evaluate accuracy
the maximum stress close to the joints. The meshing used fro this FEA is presented below:
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The Maximum Stress are in the area shown below:

Stress

won Mises

NAm"2)
6120673 e+007
5 502262 e+007
4207042 e+007
4.285234:+007
2ET73I42e+007
3.061605e+007
2.449791e+007
1.837976e+007
1226161 e+007
5143462
25322.37

Maximum
Stress

T’
Maximum deflexion is in the area shown below
Maximum d
Displacement
k5 |
Results Summary:

Element Boundary Nodes Max Disp |Max Stress| Safety
Type Conditions (mm) (Mpa) Ratio
Brick Clamped 18568 0.6 61 5.1
Brick Clamped 89,200 1.0 87 3.6
Beam Clamped 89 1.8 92 3.4
Beam Pinned 89 3.0 113 2.8

The table above summarizes the results obtained with each analysis. The last one (Beam
elements, basis pinned) is based on the most pessimistic assumptions (pinned basis can
rotate), but keep a sufficiently high safety ratio.
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1.3 Front Stand Components

e Caster Wheels
Stands WheelsMcMASTER 9936762

Number of casters in parallel: N=4 9
Load: M=M,..4 + Mo =910+ 2%*302 =1514 pds (10)
Work limit M, =600 pds (11)
Safety ratio: A= NMy _ 1.58 (12)

ISI

e Leveling pads

Stands Leveling Pads. Ref: MCMASTER 63965K69
Number of pads in parallel: N=6 (13)

\ 307 | 30° /

\ — /!

-
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~
_.‘_
--——

|-¢— A —-—l

Threads: %2“-10

A=2375" (14)
B=1.016" (15)
C=0.75" (16)
Work limit: M, =8000pds (17)
Load: M=M,,4 + M. + Mg, =1514+5600 = 7114 pds (18)
Number of pads effectively carrying the load: Ny =2 (19)
Safety ratio: A= Ne My _ 2.25 (20)
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2. Middle Stand Dimensioning

2.1 Structure characteristics and FEA analysis
All tubes are 5”x5” — Thickness 3/16, Structural Steel ASTM A 500 GrB
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5 |Middle Stand - Vertical Support -D070588-00-D Sheet 2/3 ‘

6 [Middle Stand - Horizontal Support- D070588-00-D Sheet3/3 ‘
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Cross sections, materials, and load assumptions are the same as in section 1.2. The Maximum
Stress are in the area shown below:

Stress

won Mises
NAm#2)

1.321257 e+002
1.120422 +008
1.057587 e+008
9.257519e+007
79381683 e+007
6620212 e+007
5.302461 «+007
3.98411e+007
2 B65759e+007
1347408 e+007
280562 8

Maximum
Stress

rQ

Displacement
Magnitude
m

0003214903
0002203414
+ 0002571924
0002250433
00019280943
0001607452
00012850962
000096447 15
0.0006429509
0.0003214904

Maximum o
Displacement )

-
Results Summary:
The table above summarizes the results obtained with different analysis. The last one (Beam

elements, basis modeled pinned) is based on the most pessimistic assumptions. Like for the
front stand, it provides a sufficiently high safety ratio.

etnog | B | odes | MaxDisp Max Sress | Satey
FEA Brick Clamped 38,853 3.2 132 2.4
FEA Beam Clamped 126 7.9 123 2.6
FEA Beam Pinned 126 8.7 132 2.4
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2.2 Middle Stand Components

e Caster Wheels
Same reference as in section 1.3.

Load: M=M,4+ M. = 781+2*302 =1385 pds (22)
Safety ratio: A= NMyy _ 1.7 (22)
I\/IISI
e Leveling pads
Same ref as in section 1.3.
Load: M=M,.4 +M,... + M =1385+5600 = 6985 pds (23)

We assume that only the two pads directly below the stand carry the load. : Number of
effective pads holding the load:

N, =2 (24)

N M

Safety ratio: A= v lim — 2.3 (25)

e Tensile stress in the screws

Each rail beam is tightened to the middle stands by 4 screws. So each screw carries 1/8 of the
load. The bolts are:

Bumax 88 Stainless Steel, 1/2"-13, Minimum Tensile Strength: 116,000 psi

The nominal load carried by each screw is:

M =Ms _704pds (26)

nom
screw

with M, the mass of the ISl and N the number of screws:

Screws

M,;, =5630 pds N ons =8 (27)
Using standard torque values for stainless steel screws of this diameter:

Tightening torque: =542 pds.in

The corresponding preload can be obtained by:

T

F =——=5420 pds
KD

Where K is a constant that depends on the bolt material and size (0.2 here) and D is the bolt
diameter.

Conclusion: The load M., is much lower than the preload F, in each screw. The preload is
high enough using the standard torque values. No risk to yield.
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3 Rail beam analysis

247 in = 20.58 feet = 6.27 m

Rail Beam

The beams are clamped on each of the stands. The boundary conditions can however allow a
certain amount of rotations. So two cases have been studied:

- the beams assumed to be clamped on each stand
- the beams assumed to be pinned on each stand

In section 3.1 the beam characteristics are presented. In section 3.2 the static deformations are

studied for the two types of boundary conditions. In section 3.3 the flange local deformations
of the beam are studied.

3.1 Beam Section characteristic
I-Beam Aluminum Association Standard:

iy B >
y - 7 g 2
R
AH —-ﬁ-— T
«— |,

Y ¥ %
Beam properties summary:
Beam length: L, =258in=21.50 feet =6.55m
Distance between stands: L =247in=20.58 feet ~ 6.30 m
Beam height: A=12in= 0.3048m
Beam width: B=7in= 0.1778m
Internal section height: T, =0.31in =7.88*10° m
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Internal section height: H=A-2T,=0.2733m
Flange width: T, =0.62in =15.75*10° m
Section Area: S=HT,+2BT,=7.75*10°m?
Aluminum 6061 density: p=2700kg/m?
Beam Mass: M=pSL=131kg
Momentum of inertia: 1=0.130*10°
Material: 6061-T6
Modulus of elasticity: E =68.9 GPa
Tensile Yield Strength: o =276 Mpa

3.2 Static bending analysis

Deflexion and stress have been evaluated using FEM analysis. Beam elements are used. Each
trolley carries a quarter of the total load. These loads are applied on the beam at the most
critical position: half way between the front stand and the middle stand.

e Study 1:
Connections between the stands and the beam are assumed simply supported:
. 3.15m R
1.26 m
C 1 1 ® )
Pisi/4 Pisi/4

00005445162
00005201545
0000515523
00004512313
00002267697
00003223081
00002573465
00001933849
00001220232
5445162 e-005
o

L

Whorst Stress
Hm*2)

6228718
SE05245
4252074
4360103
eRic k|
2114350
24901427
1862615
1245744
Gz2z2a71.8
u]
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e Study 2:

Connections between two stands and the beam are assumed simply supported. The influence
of the third stand is ignored:

Pinned

[

Pisi/4 Pisi/4
Wharst Stress
NAm™2)
FaToosg
GE33080
5205071
5159052
Q22053
2635049
2942035
2211027
1474018
JaTooge
0 [
e Study 3:
Connections between two stands and the beam are assumed to be clamped.
Clamped
S 1 1 . .
Wiorst Stress
Him*21
S053775
4548308
4043020
3637643
3032265
2526888
2021510
; 15161232
1010755
A °
e ] bl e st h
Max Deflexion | Max Stress :
Safety Ratio
(mm) (Mpa) Y
» Case 1 (Pinned on three Stands) 0.65 6.3 44
» Case 2 (Pinned on two Stands) 2.4 7.37 37
» Case 3 (Clamped on two Stands) 0.26 5.5 50

Conclusion: no risk regarding the global bending of the beams. Local deformation are studied
in next section.
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3.3 Flange local deformation

In this section, the local deformation of the flange is studied. We use two trolleys per beam.
Each trolley carry half the load P (P is half the I1SI weight). Each trolley applies a quarter of
the load on each flange.

Although each trolley has several wheels, we prefer assuming that the force on each flange is
punctual. This avoids making delicate assumptions on the load carried by each wheels, and
the local pressure in the wheels/rail contact.

The forces are modeled by single punctual forces:

r R '.j [

This configuration permits to obtain the upper estimation of the local deformations and
stresses (in reality the forces is shared on several wheels and the force is applied other a full
surface of contact).

The four forces are applied on the edge of the flange of a FE model. The beam is pinned on
the edges.

Two FE models have been made. One is made of plate elements, which is appropriated to this
study. Second one is made of 3D brick, which is less accurate but permits to check the results
of the first analysis using a different model.
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e Plate and brick meshing:

=

The following figure shows the local deformation of the flange.

The following table summarizes the results obtained with both models.

Max Deflexion (mm) | Max Stress (Mpa) | Safety Ratio

* Plate 0.70 51.6 5.25
* Brick 0.72 52.1 5.25
Conclusion:

The flanges are strong enough to carry the load of the ISI.
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4 Lifting elements

The 5Tons crane lifts the ISI through a Stainless Steel ring, item #10 on the picture below.
The resistance of each item (#1 to #10) between the optical table and the hook is described in

this section.

~O
ol

FROFRIETARY ANDCONFIDENTLAL
THE IHF& RATIOHN CoHTAINEDR IH THE
DRAWAHG K THES O LE PR PERTY ©F
< IMSERT SO P8 T HA WE HERE>. AHT
REPRSGDUCTIOH IH PART SR B8 8 WHS LE
WITHS LT THE VoR ITTEH PERWBSIOH O F
< IMFERT S P& HY HA WE HERE- K
PR HIBTED.
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1 Optical Table Fod 4
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4000pds
4 | Short Chain 11000 pds 4
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4000pds
s Stainless Steal Ring 5
4400pds
7 Galvainzed Steel 1
Schackle 10000pds
& | Long Chain 11000 pds 1
o Galvainzed Steesl 1
Schackle 10000pds
10 Stainless Steel Ring 1
7500pds
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Lifting Assy

T TN 1N

D07 0xxx-00-D

ke WECHL SHEEl IS

15



LIGO

LASER INTERFEROMETER GRAVITATIONAL WAVE OBSERVATORY

e Loadin components

The load applied on the Item #1 to # 6 is not normal direction of those items:

The force F applied on these items is function of the normal load N and the angle a:

T
N F
./'/. I
s
e |
7 .
z !
s |
e J o i
SO ;
V
N
= 28
sin (o) (28)
With
o =69° (29)
L w (30)
sin (o)
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e Item #1. Optical table Pad

y

£ () >
// - >
4

Ya” screws

e Tensile stress in the screws
The bolts are:
Bumax 88 Stainless Steel, 1/4"-20, Minimum Tensile Strength: 116,000 psi

The nominal load in each screw is:
M 1SI

Mg = —i—=176pds (31)

plates * ¥ screw

with P, the load of the ISI, N
plate:
M, =5630pds, N

the number of plate and N the number of screws per

plates SCrews

plates = 4 ’ Nscrews = 8 (32)

Using standard values for stainless steel screws of this diameter:
Tightening torque: T=78.8 pds.in
The corresponding preload can be obtained by:

F=—"=1560 pds
KD

Where K is a constant that depends on the bolt material and size (0.2 here) and D is the bolt
diameter
The ratio Preload/Load is:

A=—1 =89 (33)

Conclusion: The load M, ., is much lower than the preload F, in each screw. The preload is

nom

high enough using the standard torque values. No risk to yield
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e Shear stress in the optical table thread
The shear area of one thread is:
A, =ndw,p (34)

With d the outside, w, the major area factor for UNS threads, and p is the thread pitch.

w, =0.88 (35)
d =0.25in (36)
p=1/20 (37)

The shear stress in one thread is:

F .
=—1—=9028 psi 38
iy p (38)

S
S

With n the number of threads assumed to be engaged: n=5
The safety ratio is:

A="r=25 (39)

with A the safety ratio, S, the shear yield strength of aluminum 6061, <, the shear stress in
the thread:

S, ~0.58*Sy = 23142 psi (40)

The plot on next page shows that with a preload of 1560 pds, and 1 diameter of engagement,
the shear stress in the parent material will be inferior to 15000psi (Safety ratio superior to 2).
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e Item #2: Hoist Ring
Hoist Ring thread 3/4"-10 Stainless Steel. Ref: MCMASTER 2949T41

Number of rings in parallel: N=4 (41)
Work limit
M, = 2500pds (42)
Safety ratio:
3= N My, sin(e) _, g¢ (43)
MISI

e Item #3: Anchor Shackles (Stainless Steel)

Stainless Steel Anchor Shackles. Ref: MCMASTER3583T85
Number of shackles in parallel: N=4 (44)

Dia.

A=2.375" (45)
B=1.016" (46)
C=0.75" (47)
Work limit: M, = 4000pds (48)
Safety ratio:

A=l MK;; SIn(®) _ 56 (49)

ISI
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e Item #4: The Chain
Stainless Steel Chain. Ref: MCMASTER 33645T55

Work Load Limit: M,., =11000pds (50)
Inside link width: w, =0.85" (51)
Safety ratio:

3= NMy, sin(@) _; 5 (52)

ISI

Conclusion: This item is over dimensioned, but this inside link width is necessary in order to
fit with the Stainless steel shackles pin diameter.

e Item #5: Anchor Shackles (Stainless Steel, 2" set)
Same reference and as item #3.
Number of shackles in parallel: N=4 (53)

_ NM,;, sin(a)

Safety ratio: A
M IS1

=2.6 (54)

e |tem #6: Stainless Steel Ring (Short ones)

Sling Ring. Ref: MCMASTER 30567791
Number of links in parallel: N =2 (55)

Diam = 0.688" (56)

A=531" (57)
B=2.95" (58)
Work limit: M., = 4400pds (59)
Safety ratio: 3= NMup Sin(@) _; 46 (60)

8]
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e Item #7 and #9: Anchor Shackles
Galvanized Alloy Steel Shackles. Ref: MCMASTER 3663T43

Number of shackles in parallel: N=1 (61)
Dia.

Dia=0.625", A=2.375", B=1.065", C=0.75" (62)
Work limit: M,, =10000pds (63)
. M,
Safety ratio: A=—"1=17 (64)
IVIISI

e Item #8: The Chain
Stainless Steel Chain. Ref: MCMASTER 33645T55

Work Load Limit: M,, =11000pds (65)
- N,
Safety ratio: A=—"=19 (66)
M ISI

Conclusion: This item is over dimensioned, but this inside link width is necessary in order to
fit with the Stainless steel shackles pin diameter.

e Item #10: Stainless Steel Ring (Long ones)

Sling Ring. Ref: MCMASTER 30567791
Number of links in parallel: N =2 (67)

Diam =0.88", A=6.30", B=3.55" (68)

Work limit: M, = 7500pds (69)
Safety ratio: A= My _ 1.33 (70)

ISI
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5 Trolleys Connection

e Extra Stable Manual Trolley
Ref. MCMASTER 3267764

Number of links in parallel:  N=4 (71)

Work limit: M., = 4400pds (72)
Safety ratio: A= NMy _ 3.1 (73)
M ISI

e Trolley connector

Shoulder Screw

Stainless Steel Screw

e Shear stress in shoulder screw screws

Diameter: D =1in, 4 shoulder screws. (74)

Shear Stress: T= My =1782psi (75)
4A

S

With A, the shear area.
The safety ratio is: A=—"2L=22 (76)

with A the safety ratio, S, the shear yield strength of aluminum 6061, <, the shear stress in
the thread (S, ~ 0.58*Sy = 40600 psi )

Ccl: the shoulder screw is over dimensioned but this diameter permit to fit properly with the
trolley’s hole.
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e Tensile stress in the screws
The bolts are: Bumax 88 Stainless Steel, 1/4"-20, Minimum Tensile Strength: 116,000 psi.

The nominal load in each screw is:
M 1SI

Mg =~ —=156pds (77)

plates " ¥ screw

with P, the load of the ISI, N
plate (M, =5630 pds, N

the number of plate and N
=9).

the number of screws per

plates

=4, N

screws
plates screws
Using standard values for stainless steel screws of this diameter:
Tightening torque: T=78.8 pds.in

The corresponding preload can be obtained by:

F=—"=1560 pds
KD

Where K is a constant that depends on the bolt material and size (0.2 here) and D is the bolt
diameter
The ratio preload/load is:

A=—1 =10 (78)

Conclusion: The load M, ., is much lower than the preload F, in each screw. The preload is

nom

high enough using the standard torque values. No risk to yield

e Shear stress in the optical table thread
The shear area of one thread is:
A =ndw,p (79)

With d the outside, w,, the major area factor for UNS threads, and p is the thread pitch.

w, =0.88, d=0.25in, p=1/20 (80)
The shear stress in one thread is:
F .
1, =—— =9028 psi 81
e P (81)
With n the number of threads engaged: n=5
S
The safety ratio is: r=—2=25 (82)
T

with A the safety ratio, S the shear yield strength of aluminum 6061, 7, the shear stress in
the thread (S, ~ 0.58*Sy = 23142 psi ) (83)
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6 The Cart
Cart Structure D070589-00-D
-Cart Wheels Adaptors D070591-00-D
-Cart Wheels 2487765
-Cart Wheels with brake 2487798

e Cart Structure
Tensile Yield Strength: Gyigq = 315 Mpa (84)

ssssssss

QE77205+007
£.710791e+007
T FAAFTT e+007
G.777903e+007
6.811540e+007
4.845135e+007
387ET21e+007
2.912306+007
1.945892+007
9794781

13063902

k
FEA analysis provide a maximum stress of 97 Mpa.
S
Safety ratio: A=—2-=32 (85)
Gmax
o Wheels:

Number of wheels in parallel: N=4 (86)
Work limit: M, =2500pds (87)
Safety ratio:

A= N My, =1.77 (88)

ISI
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