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As mentioned in the reference report (ref: 12 &13), and in ref: 11 the surfaces considered for wind loading are 

shown in the table below as well as the wind loads applicable on these surfaces. 

 

Table 4: Wind load Calculations 

WIND LOAD 

DATA VALUE UNIT 

SURFACE_1 (20'X30') –70 km/h 600.00 ft^2 

SURFACE_2 (12'X12') – 50 km/h 144.00 ft^2 

SURFACE_3 (12'X10') – 50 km/h 120.00 ft^2 

Wind Load Surface_1 –70 km/h 5513.07 lbs 

Wind Load Surface_2 – 50 km/h 675.07 lbs 

Wind Load Surface_3 – 50 km/h 562.56 lbs 
 

The softbox has dimensions 12’x12’x10’ and the panel has maximum dimensions 20’x30’. 

For each load case, only the maximum wind load is used. See ref: 9 & 10 for more details on the analysis. 
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6.3 Displacement Requirements 

The requirements surrounding the pivot assembly does not require any displacement limitation. Although, it is of 

good practice to limit the displacement of the structure, so it does not impact the integrity of the components 

added to the structure. 

 

 

6.4 Safety Factors 

The standard listed in section 4 of this present document states different safety factors and reduction factors 

required to satisfy the applicable standard. The different applicable factors are summarized in the table below.  

For Allowable Stress Design (ASD) methodology, the safety factors are as listed in Table 3 below. 

 

Table 5: List of Reduction Factors and Safety Factors - ASD 

Material 
Imperfect 

welds 

Multiple 

usage 
Ultimate Yield S.F. at ultimate 

S.F. at yield 

 

Steel 0.67 0.85 1.99 1.66 2.60 2.17 

References CSA-S16 

Section 

13.1 

ANSI 

E1.2 

section 

3.2.4b 

  =1.99/(0.9*0.85) =1.66/(0.9*0.85) 

 

The required minimum safety factor for steel is 2.17 based on the allowable stress design methodology. 

𝑆𝑎𝑓𝑒𝑡𝑦 𝐹𝑎𝑐𝑡𝑜𝑟 =  
1.65

0.90 ∗ 0.85
= 2.17 

 

 

The American Society of Mechanical Engineers (ASME), ASME-BTH-1-2017 (see ref: 7), recommends a safety 

factor of 2.0 on the yield strength and 2.4 on the ultimate strength for ‘Design Category A’ components. Design 

Category A is for analysis with defined loads of predictable magnitude and variation.   

 

Our safety factor of 2.17 is higher and conservatively we use it for our analysis of the pivot assembly.  
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7 Analytical Approach 

To study the constraints and displacements of the structure under load, a finite element model is made with 

SolidWorks 2022 Simulation. The elements finite study allows a better understanding of the constraints that flow 

through the structure. 

 

In consideration that the analyses are numerical models, all displacements in this report are theoretical and do 

not account for any tolerance in springs, bolts, loose between parts, and so on. 

 

7.1 Methodology 

A simplified coarse model is analyzed under all the load cases to target the most solicited regions, more precisely 

regions that shows high constraints or excessive displacement. The results are then compared to identify 

components that need a closer look under specified load case(s). Those refined analyses allow them to study 

the behavior of the component under specific orientation and loading. Only the most restrictive case is analyzed 

in detail, as it covers all the others. 

 

The finite element model analyses allows to study the behavior of the structure under specific orientation and 

loading. Only the most restrictive cases are analyzed in detail, as it covers all other possibilities. 

 

The finite element models contain some simplification, such as the removal of the physical hardware, to ease 

the process. The physical connections removed are replaced with the corresponding virtual interaction. 

 

 

7.2 Peak of Stress 

In all finite element analysis, a mesh is needed to cover the structure. Although, to optimize the simulation, a 

compromise is made between accuracy and time consumption. The mesh is refined around an area where higher 

stress is anticipated, otherwise the mesh is coarse which can alter the precision and realism of the output data. 

Therefore, all peaks of stress need to be studied separately. 

 

Under the knowledge that when a point is showing a high stress value, the value of its surroundings point should 

be decreasing in a progressive way, following established physics laws, to be identified as a real critical region. 

The refinement ratio of the mesh help to highlight what is a peak and what is a true load region. Most of the time, 

the phenomenon happens on the boundaries of a body, normally connected with bolts, welds, etc. Therefore, 

some high value constraint points are to be ignored if its surrounding does not reflect a steady decrease in value. 
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7.3 Materials and Welds 

It is the client’s responsibility to ensure that the welds respect the CWB standards. With this assumption, we 

assume that our structural shape and beam are transmitting constraints through all surfaces in direct contact. 

The mechanical properties of the material used, and the welding supply alloy is detailed in the following tables. 

 

Table 6: Yield strength depending of material and supply alloy. 

Welding 

method 
Base material 

Yield 

strength 

Ultimate 

strength Supply alloy 
Yield 

strength 

Yield strength 

on heat 

affected zone 

TIG Steel – 44W  44 ksi 65 ksi W48 – E49xx 58 ksi N/A 

 

See load case LC 7 on page 33 for the weld analysis. 
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7.4 Load Cases 

To simplify the number of studies, the structure is analyzed under the most restrictive loads only that also allows 

them to satisfy all requirements. The analysis highlighted in bold font below are presented in this report. 

 

LC 1  NBCC_1 – SOFT BOX 1.0 x Dead Load    SOFTBOX AT 270° 

LC 2  NBCC_1 – SOFT BOX 1.0 x Dead Load    SOFTBOX AT 225° 

LC 3  NBCC_4 – SOFT BOX 1.0 x Dead Load + 1.0 Wind Load  SOFTBOX AT 270° 

LC 4  NBCC_4 – SOFT BOX 1.0 x Dead Load + 1.0 Wind Load  SOFTBOX AT 225° 

LC 5  NBCC_1 – PANEL  1.0 x Dead Load 

LC 6  NBCC_4 – PANEL  1.0 x Dead Load + 1.0 Wind Load 

LC 7  Weld Analysis  

 

The non-factored loads *1D and 1D + 1W are used according to the ASD methodology & the S.F. used is 2.17.  

 

All the load cases are similar to those in the reference report, ref: 12& 13. The load cases LC 1, LC 2, LC 3, and 

LC 4 are with the ‘Softbox’ which has dimensions 12’x12’x10’. The load cases LC 1 and LC 2 are for indoor 

usage with just the dead load and a maximum weight of 1500 lbs is authorized to be attached on the pivot 

assembly. The load cases LC 3 and LC 4 are for outdoor usage with just the dead load and a maximum weight 

of 1000 lbs is authorized to be attached on the pivot assembly for wind speeds of up to 50 km/h. 

 

The load cases LC 1 & LC 3 are with the ‘softbox’ at an angle of 270 degrees on the X-Y plane, with the ‘softbox’ 

being vertically downward as illustrated in the figure below (left) obtained from ref: 13 and the figure on the right 

is an illustrated sketch from the front view of the pivot assembly. 

 

  

Figure 4: Softbox at 270 degrees 
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The load cases LC 2 & LC4 are with the ‘softbox’ at an angle of 225 degrees on the X-Y plane, with the ‘softbox’ 

being at an angle of 45 degrees with the horizontal. This is the maximum angle permitted for the load attached 

on the pivot assembly to be rotated when it is supporting a load of 1500 lbs for indoor usage and 1000 lbs for 

outdoor usage, see the figure below. 

 

 

Figure 5: Softbox at 225 degrees (45 degrees from the horizontal) 
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The load cases LC 5 and LC 6 are with a panel which has maximum dimensions of 20’x40’ and a maximum 

weight of 725 lbs, there is additionally a structural 48” long extension weighing 300 lbs as obtained from the 

reference report (ref:13). 

 

 

Figure 6: Sketch to illustrate LC5 and LC6 from ref: 13 

 

The load case LC 7 is the weld analysis of the pivot assembly using the FEA results of the load case with the 

highest stress concentrations at welded locations.  
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8 Finite Element Models 

8.1 Hypothesis 

The boundary conditions of every load case analyze have been constructed with the same interaction between 

components; only the load application area and the fixed or hinged boundary conditions are modified between 

load cases. The description of all the interaction uses in the finite element models analyses presented below is 

taken from reference #8. 

 

8.2 Interactions 

First, bonded component acts as if the interface was welded together, either by merging the meshing nodes or 

by applying constraint equation internally to simulate bonding. The gap range for mesh bonding the pivot 

assembly is estimated at 3/16in. Therefore, the constraints are transmitted from one component to another 

through their interface and a 3/16in gap between mesh nodes. Certain zones are meshed finer to better study 

stress concentrations. 

 

8.2.1 Restraints 

Models that are not adequately restrained can translate or rotated freely. Therefore, to study the pivot assembly, 

hinge fixtures are used at four locations where the boom attached unto the pivot assembly via the ‘ZB SHAFT.’ 

 

8.2.2 Rigid Connector 

The bolts are simulated with a rigid connector. The rigid connector allows to connect selected face from one 

solid body to another. The faces can only deform rigidly as a group, while the distance between the two (2) 

bodies remain the same. 

 

8.2.3 Load 

The load is applied on the structure with the force property manager. This function allows us to apply a force on 

a defined line along a defined orientation as required for each load. 
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9 Load Cases’ Analyses 

9.1 LC 2 NBCC_1 – SOFT BOX 

9.1.1 Boundary Conditions 

 

Figure 7: LC 2 - Boundary Conditions 

Boundary Conditions  

❖ Dead load x 1.0, Gravity = 386.22 in/s^2 

➢ Remote mass = 1500 lbs 

❖ Wind Load = N/A 

 

The locations of the two ‘ZB shafts’ which attach the pivot assembly unto the Boom Lift are restrained as hinge 

fixtures in the FEA model and loads applied at the respective locations. The remote mass of 1,500 lbs is the 

maximum authorized weight of the ‘softbox’ for indoor usage and is attached on the pivot assembly at a 

maximum allowed angle of 45 degrees with the horizontal plane, below the pivot assembly (see Figure 4). 

FIXTURES 

Gravity  

Remote Mass  
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9.1.2 Stress Results 

The area of greatest stress under the load is illustrated below.  

 

 

 

 

Figure 8: LC 2 – Stress Results 

 

The Safety Factor for the pivot assembly is: 

 

𝑆. 𝐹. =  
𝑌𝐼𝐸𝐿𝐷 𝑆𝑇𝑅𝐸𝑁𝐺𝑇𝐻 𝑂𝐹 𝑆𝑇𝐸𝐸𝐿 (44𝑊)

𝑀𝐴𝑋𝐼𝑀𝑈𝑀 𝐴𝑉𝐸𝑅𝐴𝐺𝐸 𝑆𝑇𝑅𝐸𝑆𝑆 𝐼𝑁 𝐶𝑂𝑀𝑃𝑂𝑁𝐸𝑁𝑇
 

 

➢ Plate at top     𝑆. 𝐹.  =  
44.00 𝑘𝑠𝑖

18.88 𝑘𝑠𝑖
 = 2.33 

➢ Plate close to fixtures    𝑆. 𝐹.  =  
44.00 𝑘𝑠𝑖

13.21 𝑘𝑠𝑖
 = 3.33 

 

The Stress Results and Safety Factor are satisfactory. 
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9.1.3 Displacement Results 

The displacements illustrated are amplified for a better understanding of the deformation of the structure.  

The color bar indicates the maximum displacement in inches found in the component, which is 0.11 in. 

 

 

Figure 9: LC 2 - Displacement Results 

 

The Displacement is Satisfactory.  
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9.2 LC 3 NBCC_4 – SOFT BOX 

9.2.1 Boundary Conditions 

 

Figure 10: LC 3 - Boundary Conditions 

Boundary Conditions  

❖ Dead load x 1.0, Gravity = 386.22 in/s^2 

➢ Remote mass = 1000 lbs 

❖ Wind Load x 1.0 = 675.07 lbs 

 

The locations of the two ‘ZB shafts’ which attach the pivot assembly unto the Boom Lift are restrained as hinge 

fixtures in the FEA model and loads applied at the respective locations. The remote mass of 1,000 lbs is the 

maximum authorized weight of the ‘softbox’ for outdoor usage and is attached on the pivot assembly at a 

maximum allowed angle of 45 degrees with the horizontal plane, below the pivot assembly (see Figure 4). 

The wind load is in the X- direction. The same load case was also analysed with the wind load in the Z- direction, 

only this load case is presented in the report as it has higher stress results.  

FIXTURES 

Gravity  

Wind 

Load Remote Mass  
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9.2.2 Stress Results 

The area of greatest stress under the load is illustrated below.  

 

 

 

 

 

 

Figure 11: LC 3 – Stress Results 

 

The Safety Factor for the pivot assembly is: 

 

𝑆. 𝐹. =  
𝑌𝐼𝐸𝐿𝐷 𝑆𝑇𝑅𝐸𝑁𝐺𝑇𝐻 𝑂𝐹 𝑆𝑇𝐸𝐸𝐿 (44𝑊)

𝑀𝐴𝑋𝐼𝑀𝑈𝑀 𝐴𝑉𝐸𝑅𝐴𝐺𝐸 𝑆𝑇𝑅𝐸𝑆𝑆 𝐼𝑁 𝐶𝑂𝑀𝑃𝑂𝑁𝐸𝑁𝑇
 

 

➢ Bottom Plate     𝑆. 𝐹.  =  
44.00 𝑘𝑠𝑖

17.60 𝑘𝑠𝑖
 = 2.50 

➢ Plate close to fixtures    𝑆. 𝐹.  =  
44.00 𝑘𝑠𝑖

11.73 𝑘𝑠𝑖
 = 3.75 

 

The Stress Results and Safety Factor are satisfactory. 
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9.2.3 Displacement Results 

The displacements illustrated are amplified for a better understanding of the deformation of the structure.  

The color bar indicates the maximum displacement in inches found in the component, which is 0.19 in. 

 

 

Figure 12: LC 3 - Displacement Results 

 

The Displacement is Satisfactory.  



 

DOC: TI-2418-07 FEM_REPORT 

REV: A 
DATE: May 27, 2025 

 

Page 27 of 49 
The use or disclosure of information in this document is subject to the restriction on the cover page. 

 

9.3 LC 4 NBCC_4 – SOFT BOX 

9.3.1 Boundary Conditions 

 

Figure 13: LC 4 - Boundary Conditions 

Boundary Conditions  

❖ Dead load x 1.0, Gravity = 386.22 in/s^2 

➢ Remote mass = 1000 lbs 

❖ Wind Load x 1.0 = 675.07 lbs 

 

The locations of the two ‘ZB shafts’ which attach the pivot assembly unto the Boom Lift are restrained as hinge 

fixtures in the FEA model and loads applied at the respective locations. The remote mass of 1,000 lbs is the 

maximum authorized weight of the ‘softbox’ for outdoor usage and is attached on the pivot assembly at a 

maximum allowed angle of 45 degrees with the horizontal plane, below the pivot assembly (see Figure 4).  

The wind load is in the Z- direction. The same load case was also analysed with the wind load in the X+ direction, 

only this load case is presented in the report as it has higher stress results.  

FIXTURES 

Gravity  

Wind 

Load 
Remote Mass  
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9.3.2 Stress Results 

The area of greatest stress under the load is illustrated below.  

 

 

 

 

 

 

Figure 14: LC 4 – Stress Results 

 

The Safety Factor for the pivot assembly is: 

 

𝑆. 𝐹. =  
𝑌𝐼𝐸𝐿𝐷 𝑆𝑇𝑅𝐸𝑁𝐺𝑇𝐻 𝑂𝐹 𝑆𝑇𝐸𝐸𝐿 (44𝑊)

𝑀𝐴𝑋𝐼𝑀𝑈𝑀 𝐴𝑉𝐸𝑅𝐴𝐺𝐸 𝑆𝑇𝑅𝐸𝑆𝑆 𝐼𝑁 𝐶𝑂𝑀𝑃𝑂𝑁𝐸𝑁𝑇
 

 

➢ Top Plate     𝑆. 𝐹.  =  
44.00 𝑘𝑠𝑖

19.30 𝑘𝑠𝑖
 = 2.28 

➢ Plate close to fixtures    𝑆. 𝐹.  =  
44.00 𝑘𝑠𝑖

9.22 𝑘𝑠𝑖
 = 4.77 

 

The Stress Results and Safety Factor are satisfactory. 
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9.3.3 Displacement Results 

The displacements illustrated are amplified for a better understanding of the deformation of the structure.  

The color bar indicates the maximum displacement in inches found in the component, which is 0.36 in. 

 

 

Figure 15: LC 4 - Displacement Results 

 

The Displacement is Satisfactory.  
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9.4 LC 6 – NBCC_4 – PANEL  

9.4.1 Boundary Conditions 

 

Figure 16: LC 6 - Boundary Conditions 

 

Boundary Conditions  

❖ Dead load x 1.0, Gravity = 386.22 in/s^2 

➢ Remote mass = 300 lbs 

➢ 20’ x 30’ panel = 725 lbs 

❖ Wind Load x 1.0 = 5513.07 lbs 

 

The locations of the two ‘ZB shafts’ which attach the pivot assembly unto the Boom Lift are restrained as hinge 

fixtures in the FEA model and loads applied at the respective locations. The dead loads applied are obtained 

from the reference report, ref: 13. The remote mass of 300 lbs is the weight of extension components which 

attach the pivot assembly unto the 20’ x 30’, 725 lbs panel. The wind load is in the Z- direction. The same load 

case was also analysed with the wind load in the Z+ direction, only this load case is presented in the report as it 

has higher stress results. 

  

Gravity  

 

FIXTURES 

WIND 

LOAD 

Remote Mass  

Rigid 

Connector
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9.4.2 Stress Results 

The area of greatest stress under the load is illustrated below.  

 

 

 

 

Figure 17: LC 6 – Stress Results 

 

The Safety Factor for the pivot assembly is: 

 

𝑆. 𝐹. =  
𝑌𝐼𝐸𝐿𝐷 𝑆𝑇𝑅𝐸𝑁𝐺𝑇𝐻 𝑂𝐹 𝑆𝑇𝐸𝐸𝐿 (44𝑊)

𝑀𝐴𝑋𝐼𝑀𝑈𝑀 𝐴𝑉𝐸𝑅𝐴𝐺𝐸 𝑆𝑇𝑅𝐸𝑆𝑆 𝐼𝑁 𝐶𝑂𝑀𝑃𝑂𝑁𝐸𝑁𝑇
 

 

➢ Slew to trust end plate F    𝑆. 𝐹.  =  
44.00 𝑘𝑠𝑖

16.09 𝑘𝑠𝑖
 = 2.73 

➢ Plate close to fixtures    𝑆. 𝐹.  =  
44.00 𝑘𝑠𝑖

8.24 𝑘𝑠𝑖
 = 5.34 

 

The Stress Results and Safety Factor are satisfactory. 

 

  

 

 



 

DOC: TI-2418-07 FEM_REPORT 

REV: A 
DATE: May 27, 2025 

 

Page 32 of 49 
The use or disclosure of information in this document is subject to the restriction on the cover page. 

 

9.4.3 Displacement Results 

The displacements illustrated are amplified for a better understanding of the deformation of the structure.  

The color bar indicates the maximum displacement in inches found in the component, which is 0.07 in. 

 

 

Figure 18: LC 6 - Displacement Results 

 

The Displacement is Satisfactory.  
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9.5 LC 7– Weld Analysis 

The welded joints between the components of the pivot assembly are done with 6 mm thick welds with a CSA 

W48 – E49xx welding rod with Fy = 58 ksi and Fu = 71ksi. The pivot assembly is made entirely of 44W steel. 

See the weld analysis in the table below. 

Table 7: Weld analysis of pivot assembly 

Data Value Units 

a, thickness of weld 0.236 in 

te, thickness of weld/2 0.167 in 

L, Length of weld 3.25 in 

Ø, resistance factor 0.67 -- 

𝐴𝑤, effective area of the weld metal 0.54 in^2 

𝐴𝑀, effective area of the base metal 0.77 in^2 

Yield strength of base metal 44.00 ksi 

Yield strength of weld metal 58.00 ksi 

Design strength of weld metal 15164 lbs 

Design strength of base metal 9983 lbs 

Design strength of weld 9983 lbs 

Design strength of weld 18.39 ksi 

 

The weld’s design strength is equivalent to 9983 lbs//18.39ksi at the smallest weld location is shown in the figure 

below for the load case LC 3 which has the maximum stress results on the pivot assembly.  

 

 

Figure 19: Stress results probe for load case LC3 

 

The maximum stress value at the weld location is 14.38 ksi which is less than the design strength of the weld 

(18.39 ksi) thus the weld is satisfactory.  
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10 Manual Analyses 

To lighten this report, only the most solicited connection types are analyzed and presented.  

 

The following sub-sections presents the analysis of all the bolted connections and the slew drive.  

 

Refer to reference #9 for more details on the calculations performed. 
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10.1 Bolted Connections 

As mentioned in section 6.4 of the current document, the required safety factor is 2.17.  

The safety factor of the connections considers compression and tension conservatively, and are defined by the 

following equations: 

𝑅𝑠 =
𝑆ℎ𝑒𝑎𝑟𝑎𝑝𝑝𝑙𝑖𝑒𝑑

𝑆ℎ𝑒𝑎𝑟𝑎𝑙𝑙𝑜𝑤𝑎𝑏𝑙𝑒
 

𝑅𝑡 =
𝑇𝑒𝑛𝑠𝑖𝑜𝑛𝑎𝑝𝑝𝑙𝑖𝑒𝑑

𝑇𝑒𝑛𝑠𝑖𝑜𝑛𝑎𝑙𝑙𝑜𝑤𝑎𝑏𝑙𝑒
 

𝑆. 𝐹. =
1

√𝑅𝑠
2 + 𝑅𝑡

2
 

 

10.1.1 Hex Head Bolt 5/8”-11  

All bolted connections for the pivot assembly are with hex head bolt Ø5/8”-11, ASTM grade A325 and should be 

secured in place with grade 8 washers and nuts. These bolts should be zinc plated. 

 

Table 1: Hex Head Screw Ø5/8"-11 ASTM grade A325 Characteristics 

Description Symbol Value Unit 

ASTM Bolts grade   A325   

Bolt’s diameter Ø 5/8 in  

Smallest bolt area A 0.20 in² 

Bolt’s inertia I 0.0032 in4 

Maximum distance to neutral axis c 0.25 in 

Ultimate tensile strength Ftu 120.00 Ksi 

Ultimate shear strength Fsu 69.24 Ksi 

 

 

Table 2: Hex Head Screw Ø5/8"-11 ASTM grade A325 Ultimate Allowance 

Description Symbol Value Unit 

Tension T 24 217 lb 

Shear S 13 973 lb 

Bending B 1 534 lb.in 

 

The recommended installation torque for the bolts is 40 – 50 inch-lbs (464 – 580 lbf per bolt).  
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The figures below shows the reaction force at the bolted connections for the pivot assembly, in descending order 

for the load cases LC 3, LC 4 & LC 6. 

 

 

Figure 20: Reaction forces at bolted connections  
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The table below presents the reaction forces at the bolted connections for all load cases of the pivot assembly 

as well as the safety factors. 

 

Table 3: Hex Head Screw Ø5/8"-11 ASTM grade A325 Connections Analysis 

Load 

Cases 
Connection 

FRADAL 1 

(lb) 

FRADIAL 2 

(lb) 
FAXIAL (lb) 

Shear 

(lb) 

Tension 

(lb) 
Rs Rt S.F. 

LC 3 1  17.40 1 050.00  10.30 1 050.14  590.53  0.08  0.02 12.7 

  2  122.00  971.00  228.00  978.63  808.23  0.07  0.03 12.9 

  3  161.00  950.00  175.00  963.55  755.23  0.07  0.03 13.2 

  4  216.00  742.00  357.00  772.80  937.23  0.06  0.04 14.8 

  5  783.00  28.40  481.00  783.51 1 061.23  0.06  0.04 14.1 

LC 4 1  229.00 1 570.00  234.00 1 586.61  814.23  0.11  0.03 8.4 

  2  20.00 1 700.00  2.20 1 700.12  582.43  0.12  0.02 8.1 

  3  43.30 1 380.00  288.00 1 380.68  868.23  0.10  0.04 9.5 

  4 1 210.00  28.30  871.00 1 210.33 1 451.23  0.09  0.06 9.5 

  5 1 340.00  40.90  865.00 1 340.62 1 445.23  0.10  0.06 8.9 

LC 6 1  28.00  300.00 1 270.00  301.30 1 850.23  0.02  0.08 12.6 

  2  376.00  284.00 1 180.00  471.20 1 760.23  0.03  0.07 12.5 

  3  180.00  250.00 1 170.00  308.06 1 750.23  0.02  0.07 13.2 

  4  394.00  202.00 1 130.00  442.76 1 710.23  0.03  0.07 12.9 

  5  166.00  140.00  640.00  217.15 1 220.23  0.02  0.05 19.0 

 

As shown in the table above, the minimum safety factor is 8.1 for the pivot assembly’s bolts which is satisfactory. 
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10.2 Slew Drive 

There is one slew drive used with the pivot assembly with an outer diameter of 583 mm as shown in the figure 

below. 

 

 

Figure 21: Slew drive drawings as obtained from ref: 15  
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From the FEA load cases, the figure below show the resultant loads for the load case LC6 which has the 

maximum sum of the resultant forces in both the axial and radial directions. See the red box. 

 

 

Figure 22: Maximum reaction forces on Ø583 mm Slew drive 

In the figure above, ‘Sum Z’ is the total axial load which is 8,229 lbs, ‘Sum Y’ is the y-direction radial load, which 

is 1,874.7 lbs, and ‘Sum X’ is the x-direction radial load which is 1,178.2 lbs.  

The total radial load is calculated using the formula:  𝑇𝑜𝑡𝑎𝑙 𝑅𝑎𝑑𝑖𝑎𝑙 𝐿𝑜𝑎𝑑 = √((𝑆𝑢𝑚 𝑌)2 + (𝑆𝑢𝑚 𝑋)2) 

 

The table below shows the analysis of the slew drives static load capacities. The Ø5/8” bolts have a 

recommended installation torque of 40 – 50 inch-lbs. The sum of the torque on the bolts for each slew drive is 

added to the FEA axial loads. 

 

Table 8: Slew drive analysis 

SLEWDRIVE + BOLT TORQUE ANALYSIS 

Slew Drive Diameter DATA VALUE UNIT 

Ø583 mm Radial Static Load Capacity 125893.00 lbs 

  Axial Static Load Capacity 280112.00 lbs 

  Max FEA Radial Load 2214.19 lbs 

  Safety factor - Radial 56.86 - 

  Max FEA Axial Load + Torque 19833.56 lbs 

  Safety factor - Axial 14.12 -- 

 

The minimum safety factor is 14.12 and is satisfactory. See ref:9 for more details on the calculations.  
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11 Conclusion 

With our knowledge and understanding of the ‘Knuckle V1 Lightweight 360’ pivot assembly attached to a boom 

lift, it is within the requirements and standard applicable with the conditions and load cases stated in this report. 

The structure is safe for usage by Cine Design to attach a variety of equipment used for scenography purposes. 

It should be noted that this report has been produced in accordance with the standards listed at the bottom of 

this page. Consequently, no rain and snow loads are considered as the structure is not expected to accumulate 

them. Seismic loads are not considered as the pivot structure is not a permanent installation with human 

occupancy. 

The design and characteristics limitation can be found in the list below. 

• The structure was analysed for outdoor and indoor usage in Montréal and other locations according to 

the requirements of the NBCC 2020. 

• No rain, snow, and seismic loads are considered as the structure is not a permanent installation.  

• The configuration with a 12’x12’x10’ ‘softbox’ was analysed for wind speeds of up-to 50.0 km/h (31.1 

mph) and the configuration with a 20’x30’ panel was analysed for wind speeds of up-to 70.0 km/h (43.5 

mph) both including wind gusts. 

• TI recommends that the boom, pivot assembly and other attached components should not be lifted/should 

be lowered when windspeeds are greater than the wind speeds mentioned above. 

• The maximum dead load to be supported on the pivot assembly when used indoors (no wind load) is 

1,500 lbs (680 kg). 

• The maximum dead load to be supported on the pivot assembly when used outdoors (wind load – limited 

to 50 km/h) is 1,000 lbs (454 kg). 

• The maximum panel size to be attached on the pivot assembly is 20 feet x 30 feet. 

• No live user load is allowed on any component analysed in this report. 

• All hardware should be zinc plated. 

• Please refer to Ref: 9, calculations TI-2418-07_CALCULS.xlsx for further details. 

The engineering analyses have been conducted accordingly to the standard listed below: 

• ANSI E1.2: Entertainment Services and Technology Association 

• CSA-S16: Canadian Standard Association, design of steel structures 

• CSA-W59.1: Canadian Standard Association welded steel construction 

• NBCC 20: National Building Code of Canada 2020 

• ANSI/AISC 360-22: American Institute of Steel Construction 

TI is not responsible for the boom, nor the attachment of the pivot assembly unto the boom. TI is also not 

responsible of the scenography equipment and components attached unto the pivot assembly. 

TI is responsible for the pivot assembly, including the bolted connections. 
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12  Appendix A 

 

 

 

 

 

 

 

 

  

 

APPENDIX A 

Photos kit#1 provided by Client 
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