Celine Kluzek Wind load analysis. Ver. 1.0 - Mar 10, 2008 page 1/16

W nd Loadi ng Anal ysi s

Weather instrumentation installation at 60 m (L ocation: Houston Tower)

1. Introduction

In order to complete the wind loading anaysis performed by Campbell scientific, Inc., astudy of
the 60 meters installation on Houston tower is made to determine wind loads on instrumentation
and stress on support structure for worst wind condition of 130 mph [58m/s] from a normal di-
rection. The wind loads from a 45 and 90-degree crosswind of the tower face are also studied.

2.  Process
The general process for the study isoutlined in Figure 1:
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3. Drawings

The primary software used is SolidWorks® 2006 SP4.1, 3D mechanical design software with
multi-functionality. The instrumentation 3D drawings are made based on the company documen-
tation, Campbell Scientific, Inc. MetOne 075B, CSAT3, CS300, NR-Lite, and brackets CM 220,
CM210 are drawn with minimal details as seen in Figure 1: 3D drawing. Rotating components
are omitted. The tower beams are two inches in diameter. Cross-arms are two inches in diameter
for the support of the TRH and 1.6 cm in diameter for the pyranomter/net radiation support arm.
The assembly is shown in Figure 2: SolidWorks window of drawing assembly.

Figure 1: 3D drawing
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Figure 2: SolidWorks window of drawing assembly

4. Wind/flow Simulation

The assembly is imported to COSM OSFloWorks® 2006 to calculate the wind loading on each

surface. Input parameters for the flow can be found in Figure 3: Fl ow paraneter for all
si mul at i on. For more details see CosmosFloWorks full report in Appendix A.

Anal ysis type / gas type |External flow/ air

Fl ow type Lami nar and turbul ent
Wal | condition Adi abatic wall, no roughness
Anbi ent condi tions Pressure = 101325 Pa
Tenperature = 293.2 K
Vel ocity:
Case Case Case
1 2 3
X 58 0 41
direction nl's n's
Y 0 0 0
direction
z 0 58 41
direction ms n's
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Geonetric resolution Mesh size: 13.1x16.4x6.5 ft

[ 4x5x2 neter]

Mesh cel |l s nunber: 263, 314

Figure 3: Flow parameter for al simulation

The mesh size was selected as a 13.1x16.4x6.5 ft [4x5x2 meter] cube around the assembly (in-
cluded). Example of amesh is shownin

Figure 4: Mesh of assembly

Examples of COSM OSFloWorks results are shown in Figure 5. COSMOSFl oW orks pressure cut
plot, pressure distribution is shown by a color variation. Two different plane are used: just below
the main cross arm and above it. One can notice the higher pressure in front of the TRH face
(yellow area) and lower pressure behind the objects.
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Figure 5: COSMOSFloWorks pressure cut plot, the assembly is emerged in the flow (z direction)
Figure 6: Pressure cut plots shows the same condition with 2 different cut plots.
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Figure 6: Pressure cut plots
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Some itemsin the assembly had to be omitted in order for the geometry not to create any calcula
tion problems. The “loft” on the NRIite drawing had to be omitted for that reason. Thisis done
through a control option in the software. See full report attached for more details.

Parameter Value X-component Y-component Z-component
Force [N] 30.4 6.5 24.3 17.1
Shear force [N] 0.853 0.025 -0.051 0.851
Torgue [N*m] 14.1 -4.8 -7.2 11.2
Surface area [m"2] 0.2366

Figure 7: Excel fileresults for TRH shows the quantitative results of the analysis: stressin the x,
y, Z direction on the TRH surfaces. For more details refer to Appendix B: Resultant forces from

CosmosFloWorks.
Parameter Value X-component Y-component Z-component
Force [N] 30.4 6.5 24.3 17.1
Shear force [N] 0.853 0.025 -0.051 0.851
Torque [N*m] 14.1 -4.8 -7.2 11.2
Surface area [m"2] 0.2366

5. StressAnalysis

Figure 7: Excel fileresultsfor TRH
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The last step consist of bringing the results from COSM OSHoWork® back into SolidwWorks®
and use the forces on each surface to run a simulation. Stress analysis and safety factors are the
final results of the process.

a. Casel: Flow (wind) normal to the assembly (positive x direction)

This case resultsin small loads on most of the assembly’s component but the tower vertical
beams, the CSAT3, and main cross-arm.

A study of the main cross-arm is done under the loads recorded with FloWorks. It is assumed
that the material is aluminum alloy 6061. A picture of the exaggerated deformed state, Figure 8:
Stress distribution on main cross-arm, shows the stress distribution on the beam. As expected
with the flow (wind) perpendicular to the beam, it will be under tension and compression in the
x-direction. The factor of safety for the design at this point is 3.53 for the main cross arm and
well above for all the other components.

N\

Figure 8: Stress distribution on main cross-arm

It isthe worst case for the bracket (CM206) between the tower arms and the cross-arm. A stress
analysisisrun on the bracket alone, assuming the material to be aluminum alloy 6061, see Figure
9: Stress distribution and exaggerated deformation under load. A factor of safety of 25 isfound.
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Figure 9: Stress distribution and exaggerated deformation under load

The tower beams are al so studied under this case for stress due to the assembly under the windy
condition. A very large factor of safety isfound.

b. Case?2: Flow (wind) 90 degree from the tower face (z direction)
This case results in negligible loads on most components but the tower vertical beams and the
TRH/WS assembly. An analysisis run with the TRH/WS assembly alone, assuming all alumi-
num alloys 6061 for simplification. The resultant loads from CosmosF oWorks are applied on
the TRH, see Appendix B, the cross-arm in the x, y and z direction. A factor of safety of 5.24 is
determined for the TRH cross-arm support. Figure 10: TRH stress study results- Von Mises
stress shows the extrapol ated deformation and Von Miss stress on the rod. One can see that the
weaker point of the TRH assembly is at the corner or the bracket attachment. The arrow shows
the wind direction. Details of the stress analysisis available in the html file: TRHstresss-
tudy2.html on the CD accompanying the report.
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Figure 10: TRH stress study results - Von Mises stress

c. Case3: Flow (wind) 45 degree from the tower face (x-z direction)

This case results in negligible loads on most components but the tower vertical beams. Also, it is
the worst-case scenario, in terms of loads, for the bracket (CM220) holding the CSAT3. A stress
anaysisisrun assuming aluminum alloy 6061 as material, see Figure 11: Stress distribution on
bracket (CM220). A factor of safety of 103 is found.
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Figure 11: Stress distribution on bracket (CM 220)

d. Sanity Check: hand calculation for the worst case scenario
Hand calculations of the stress on the TRH cross-arm are made to confirm results from the soft-
ware. The worst case scenario is studied where the loads on the TRH is nominally 30 N and the
uniform load on the cross-arm is 52 N. See attached calculations.

6. Conclusion

As expected under windy conditions the most loads will be applied to the tower beam and the
cross-arm (wind is normal to the tower’sface). The TRH/WS structure, including the heavier
and bulkier instruments, receives the most loads and share the stress on the crossbeam when
wind is 90 degree to the face of the tower. Relatively speaking, these two points in the assembly
are the “weakest”.

All components in the assembly maintain Factor of safety greater than 1.5 under the ap-
plied conditions, wind speed of 130mph [58m/s], normal, 45 degree, 90 degree from the tower
face.
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Appendix A

CosmosFloWorks FULL REPORT

Wind in the z direction (90 degree) from face of the tower

System Info

Product COSMOSHoWorks 2006/ Standard SP4.0.
Build: 626

Computer Name AEHANGARI12NB

User Name cdk3261

Processors Intel(R) Pentium(R) M processor 1600MHz

Memory 1023 MB / 2047 MB

Operating System Windows XP Service Pack 2

CAD Version SolidWorks 2006 SP4

CPU Speed 1594 (589) MHz

General Info

Model C:\Documents and Set-
tings\cdk3261\Desktop\Solidworks
model\Assem1.SLDASM

Project Name 90(degree)ff

Project Path C:\Documents and Set-
tings\cdk3261\Desktop\Solidworks
model\3\3.fwp

Units system SI (m-kg-s)

Analysistype External (exclude internal spaces)

Exclude cavities without flow conditions On

Coordinate system Global Coordinate System

Reference Axis X

INPUT DATA

Initial Mesh Settings

Automatic Initial Mesh: On
Result resolution level: 8

Advanced narrow channel refinement: Off

Refinement in solid region: Off

Geometry resolution

Evaluation of minimum gap size: Automatic

Evaluation of minimum wall thickness:; Automatic

Computational Domain
Size
Xmin

-2m
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X max
Y min
Y max
Z min
Z max

Boundary Conditions

2D plane flow
At X min
At X max
AtY min
AtY max
AtZ min
At Z max

Physical Features

Heat conduction in solids: Off
Time dependent: Off

Gravitationa effects: On

Flow type: Laminar and Turbulent
High Mach number flow: Off
Default roughness: 0O micrometer

Gravitational settings

X component
Y component
Z component

Default wall conditions: Adiabatic wall

Ambient Conditions
Thermodynamic parameters

Velocity parameters

Turbulence parameters

Material settings
Fluid type: Gas/ Steam
Fluids

Air

- Mar 10, 2008

2m
-0.5m
1.5m
-3m
2m

None

Default
Default
Default
Default
Default
Default

0O m/sh2
-9.81 m/sh2
0Om/sh2

Static Pressure: 101325 Pa
Temperature: 293.2 K

Velocity vector

Velocity in X direction: 0 m/s
Velocity in'Y direction: 0 m/s
Velocity in Z direction: 58 m/s
Turbulence intensity and length
Intensity: 0.1 %

Length: 0.00833442754 m
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Component Control Info

Disabled components: ExtrudeB@NRIite-1@Asseml, Extrude8B@CSAT3-1@Asseml, Ex-
trudeQ@CSAT3-1@Asseml

Calculation control options
Finish Conditions

Finish Conditions If oneissatisfied

Maximum travels 4

Goals convergence Anaysisinterval: 0.5

Solver Refinement

Refinement level 2

Refinement criterion 15

Unrefinement criterion 0.15

Adaptive refinement in fluid On

Use global parameter variation Off

Approximate maximum cells 750000

Refinement strategy Tabular refinement

Units Travels

Relaxation interval 0.2

Refinements 2,3

Results saving

Save before refinement On

Advanced control options

Flow Freezing

Flow Freezing Strategy Disabled
RESULTS

General Info

Iterations: 417

Log

Mesh generation started 17:36:40, Jul 18

Mesh generation normally finished 17:36:51, Jul 18

Preparing data for calculation 17:36:54 , Jul 18

Calculation started O 17:37:37 , Jdul 18

Refinement 211 20:21:42 , Jul 18

Refinement 322 22:07:56 , Jul 18

Calculation has converged since the following  00:28:37, Jul 19
criteriaare satisfied: 416

Goals are converged 416
Calculation finished 417 00:28:54 , Jul 19
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Calculation M esh

Basic Mesh Dimensions

Number of cellsin X
Number of cellsinY
Number of cellsin Z

Number of Cells

Total Cells
Fluid Cells
Solid Cells
Partial Cells
Irregular Cells

Maximum refinement level: 3

Min/Max Table

Name

Pressure [Pa)
Temperature [K]
Density [kg/m"3]
Velocity [m/g]
X-velocity [m/g]
Y -velocity [m/g]
Z-velocity [m/s]
Mach Number [ ]
Heat Transfer Coefficient
[W/m"2/K]

Shear Stress [Pa]

Surface Heat Flux [W/m"2]

Air Mass Fraction [ |
Air Volume Fraction [ ]
Fluid Temperature [K]

Wind load analysis. Version. 2.0 - Mar 10, 2008

54
32
82

271553
253301
4869
13383
34

Minimum
97799.6
290.93
1.16372
0
-48.5688
-52.4852
-26.1974
0

0

9.5193e-009
0

1

1

290.93

Maximum
104364
294.88
1.23373
88.5057
46.2937
54.0851
86.6557
0.25891

0

117.303
0

1

1
294.88
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COSMOSFIoWorks RESULTANT FORCES on each component
( 90 degree condition, wind in the z-dir ection)

L eft tower beam

Wind load analysis. Ver. 1.0 - Mar 10, 2008

Appendix B

Parameter Value X-component Y-component Z-component
Force [N] 27.4 -14.1 -0.1 23.4
Shear force [N] 0.469 -0.025 0.003 0.468
Torque [N*m] 8.3 7.0 0.0 4.5
Surface area [m"2] 0.1013
Right tower beam

Parameter Value X-component Y-component Z-component
Force [N] 38.7 -23.8 -0.5 30.5
Shear force [N] 0.415 -0.030 0.005 0.414
Torgue [N*m] 18.5 8.8 14.5 7.3
Surface area [m"2] 0.1013

Bracket 1 (L eft tower beam)

Parameter Value X-component Y-component Z-component
Force [N] 4.0 3.9 0.1 0.9
Shear force [N] 0.039 0.000 0.005 0.039
Torgue [N*m] 1.4 0.3 -0.1 -1.3
Surface area [m"2] 0.0178

Bracket 2 (Right tower beam)
Parameter Value X-component Y-component Z-component
Force [N] 5.4 5.3 0.1 1.1
Shear force [N] 0.044 0.002 0.004 0.044
Torque [N*m] 3.8 0.4 -3.4 -1.8
Surface area [m"2] 0.0178

Main Crossarm
Parameter Value X-component Y-component Z-component
Force [N] 2.3 1.7 -1.3 0.8
Shear force [N] 0.202 -0.002 -0.001 0.202
Torque [N*m] 1.0 0.1 -0.8 -0.6
Surface area [m"2] 0.3143

TRH
Parameter Value X-component Y-component Z-component
Force [N] 30.4 6.5 24.3 17.1
Shear force [N] 0.853 0.025 -0.051 0.851
Torque [N*m] 14.1 -4.8 -7.2 11.2
Surface area [m"2] 0.2366
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Crossarm TRH
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Parameter Value X-component Y-component Z-component
Force [N] 52.2 -2.0 -13.4 50.5
Shear force [N] 0.753 0.003 0.015 0.753
Torque [N*m] 26.3 26.3 0.6 1.0
Surface area [m"2] 0.1760
WD/WS

Parameter Value X-component Y-component Z-component
Force [N] 4.1 -0.2 0.4 4.1
Shear force [N] 0.008 0.001 0.004 0.007
Torque [N*m] 2.5 1.6 1.9 -0.1
Surface area [m"2] 0.0068

Bracket 3 between mai

nand TRH crossarm

Parameter Value X-component Y-component Z-component
Force [N] 2.2 -0.1 -2.1 0.8
Shear force [N] 0.005 -0.001 -0.002 0.005
Torgue [N*m] 1.4 1.4 -0.1 -0.1
Surface area [m"2] 0.0189
CSAT

Parameter Value X-component | Y-component Z-component
Force [N] 4.6 0.2 0.3 4.5
Shear force [N] 0.016 -0.001 0.006 0.015
Torgue [N*m] 2.3 2.3 -0.4 -0.1
Surface area [m"2] 0.1178

Bracket 5 support CSAT3 arm

Parameter Value X-component Y-component Z-component
Force [N] 5.5 -0.2 0.3 5.5
Shear force [N] 0.019 0.002 -0.008 0.018
Torgue [N*m] 2.4 2.4 0.0 0.1
Surface area [m"2] 0.0199
NR- Lite

Parameter Value X-component Y-component | Z-component
Force [N] 2.3 0.0 0.6 2.2
Shear force [N] 0.062 0.001 0.000 0.062
Torque [N*m] 1.4 14 -0.1 -0.1
Normal force [N] 2.2 0.0 0.6 2.1
Surface area [m"2] 0.0533

Bracket 4 between NR-L ite support arm and main crossarm

Parameter Value X-component Y-component Z-component

Force [N] 0.5 0.0 0.2 0.5
Shear force [N] 0.029 0.001 0.001 0.029
Torque [N*m] 0.4 0.4 0.0 0.0
Surface area [m"2] 0.0189 0.0 0.0 0.0
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