1
Introduction

This report summarizes the design of a 30-foot jib crane for Knelson Concentrators of Langley, BC.

The report is divided into four parts:

1. Introduction – Describes the format of the report.

2. Project Overview – States the design criteria, and discusses alternative concepts.

3. Detailed Design – Gives a detailed account of the design process.

4. Conclusions – Presents the results of the design process, and makes recommendations.
Most of the technical detail, such as drawings and calculations, is contained in the appendices.
1.1
Legal Disclaimer

While the design team has made every effort to produce a design that conforms to all design criteria and pertinent standards, the client must remember that this crane was designed by students.  As such, the design process, and all drawings, must be reviewed by professional engineers before the crane is built.  As unlicensed, inexperienced designers, the design team can assume no legal responsibility for any design deficiencies that may exist.

2
Project Overview

Knelson Concentrators requires a 30-foot, 1-ton jib crane for its materials preparation area.  The company currently has six 20-foot, 1-ton cranes.  The longer crane will replace the one closest to an outside door, facilitating the staging of equipment, and allowing the handling of large structural shapes.
2.1
Requirements

The crane must meet the following criteria:

· Must have a capacity of one ton (2000 lb).

· Must be 30 feet long.

· Must be mountable on the existing building structure.

The design load is 2700 lb, defined as follows:


Pd = 2000 lb + 25% overload + 200 lb trolley weight

The length of the crane has been specified as that of the main beam.  The entire crane will reach approximately 372 inches from its pivot point.

2.2
Alternative Concepts

Several concepts were evaluated:

2.2.1
Single tension rod
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Figure 1. Layout of crane with single tension rod

A single-rod design was assumed during the initial calculations to determine reaction forces on the building column (Appendix 2.1).  Further analysis showed that this design did not have enough strength for its length and capacity.

2.2.2
Truss
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Figure 2. Layout of crane with trussed beam

A trussed beam was considered, as it would have provided a very light, strong crane.  This design was soon abandoned because it would have proven very difficult to analyze and build.

2.2.3
Two tension rods
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Figure 3. Layout of crane with two tension rods

A two-rod design was selected because it could be made strong enough to support the design load at a length of 30 feet, yet be simple enough to analyze with a combination of manual calculations and computer-based analysis.

3
Detailed Design

The design of the crane proceeded according to the following outline:

3.1
 Reaction force calculations

3.2
 Design of main beam
3.3
 Design of primary structure
3.4
 Design of minor components
3.4.1  Connecting tension rod to main beam
3.4.2  Analysis of mounting brackets
3.4.3  Specification of bearings
3.4.4  Design of welds
3.4.5  Specification of pins and fasteners
3.5
 3D solid modeling of crane in Inventor™ (concurrent with design)

3.5.1  Preparation of drawings

3.6
 Final stress analysis of crane (to re-evaluate capacity)

3.1
Reaction Force Calculations

Before detailed design could begin, it had to be determined whether the building structure could support the new crane.  This was accomplished by drawing a free body diagram of the overall crane structure, and calculating the forces that would act on it.  The design load was placed in the worst-case position: at the end of the main beam.

Since the weight of the crane produces a significant horizontal reaction force, its main structural components were specified for this process.  Two versions of the crane were analyzed: one with an S8@18.4 main beam (the same as the original 20-foot crane), and one with an S10@25.4 main beam.  A single 200-lb tension rod, attached at 20 feet from the root of the main beam, was assumed for both configurations.  

The weight of the vertical member (eight feet at 25 pounds per foot) was used in calculating the vertical reaction force, but was not deemed significant in calculating the horizontal reaction forces.  Minor components, such as mounting brackets and fasteners, were not considered.

The calculations, which can be seen in Appendix 2.1 (page 2, page 3), give the following results for the S10@25.4 beam:

Horizontal reaction force:
12,556 lb

Vertical reaction force:
3854 lb

The calculations were repeated after the crane was designed, giving the following values:

Horizontal reaction force:
12,761 lb

Vertical reaction force:
3795 lb

The first set of values was submitted to Knelson’s structural engineer, who determined that the building could support the new crane.  The second set of values served to confirm that the crane as designed is still acceptable from this standpoint.

3.2
Design of Main Beam

The main beam is the most structurally significant part of the crane, and thus was the first to be designed.

CMAA standards state that the maximum stress in a crane must be less than 1/5 of the ultimate strength of the steel.  The maximum deflection must be less than 1/600 of the length of the crane (CMAA Standard 74 Section 3).

Algor™ stress results (Appendix 4.1 (page 2)) showed that an S8@18.4 beam, which is used in the existing 20-foot crane, would experience too much stress and deflection.  Manual calculations confirmed that the 8-inch beam would buckle under the compression caused by applying the design load at the end of the beam (Appendix 2.2).  

An S10@25.4 beam, 360 inches long, meets both stress and deflection guidelines when used with two tension rods.  The maximum stress and deflection, experienced when the load is on the end of the crane, are as follows (see Appendix 4.2):

Stress:

(max ( 7500 psi

Deflection:
(max = 0.106 in
3.3
Primary Structure

With the main beam specified, the rest of the crane was designed around it.  An Algor™ plate model was constructed consisting of the main beam, the vertical member, and the tension rods, which were arbitrarily attached at 15 and 25 feet from the root of the main beam.  Manual calculations performed later (Appendix 2.3) confirmed that these were appropriate attachment points.

For the sake of simplicity, the vertical member was specified as S10@25.4, the same cross section as the main beam.  The vertical member is 96 inches long.

Based on the calculations shown in Appendix 2.3, the tension rods were originally specified as 1¾ inch ASTM A36 steel.  ASTM A242 steel was considered to reduce the overall weight, but was discarded because of a potential welding conflict with A36.

3.4
Minor Components

3.4.1
Connecting the Tension Rods to the Main Beam

The tension rods are connected to the main beam using a clevis, which is pinned to a mounting plate welded to the main beam. (See drawings 08, Clevis Pin, and 02, Clevis Mount, Appendix 1.)  The clevis was specified as a Parker Cylinder 50946, 1½-inch rod female rod clevis (see Appendix 3.2.1, select Accessories).  This clevis has a tensile load rating of 45,600 lb, allowing a considerable safety factor.

The clevis pin is secured with a 1/8-inch cotter pin.  Double-shear calculations (Appendix 2.4) show it to be more than strong enough.

The clevis mount was designed over-large, to fill up the clearances provided by the clevis.  The calculations in Appendix 2.5 show that the clevis mount, like the clevis itself, provides a significant margin of safety.  The clevis mount is welded to the top of the main beam using a 5/16-inch fillet weld all around.

The tension rod is connected to the clevis through a turnbuckle and stud (Appendix 3.2.2 and Drawing 09, Appendix 1).  Since the clevis has a rod diameter of 1½ inches, the stud must be turned down from 2¼ inches to 1½ inches.  The lower end of the tension rod must be threaded for insertion into the turnbuckle.

The threads for the clevis are specified as 1½-12 UNF.  Piping Tech leaves it up to the customer to specify the threads for its turnbuckles.  2¼-10 UNS are suggested.  For the upper stud (Drawing 10, Appendix 1), the same threads should be used to connect to the turnbuckle, with 1¾-10 UNS threads suggested for the tension rod.  The lower eight inches of each tension rod should be threaded to fit the upper stud.

All threaded connections, with the exception of those inserted directly into the turnbuckle, should use jam nuts to prevent rotation.

3.4.2
Analysis of Mounting Brackets

After detailed analysis (Appendix 2.6), the existing mounting brackets were deemed adequate for the larger crane.

Designer’s comment: The analysis of the mounting brackets provided a valuable learning experience.  The design team spent three weeks trying to port the 3D Inventor™ model into Algor™ to perform detailed stress analysis.  Due to the incompatibility of the two software packages, this eventually proved impossible.  After the computer model was abandoned, the required manual calculations were completed in one afternoon.

3.4.3
Specification of Bearings

Using the overall horizontal reaction force as the radial load, the bearings were specified as NTN UCFX208D1 (see Appendix 3.2.3).  The bolt holes in the flange of this bearing are located in the same position as are those in the bearing used in the original crane.

3.4.4
Design of Welds

With the exception of the welds used on the clevis mount, all welds were designed according to the CISC formula (Appendix 2.7).

The weld connecting the tension rod to the top of the vertical member requires individual explanation.  The tension rod on the original crane was bent, then welded to the top of the vertical member of that crane.  The same method has been applied to the two tension rods of the new crane.  The weld pattern is shown in Figure 4.
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Figure 4: Weld pattern for top of tension rods.

After placing one rod on top of the vertical member, welds 1 and 2 should consist of a groove weld, then a fillet weld.  Weld 3 should use the same pattern after the second rod is placed.  Finally, weld 4 is a groove weld.  All welds should fill available clearances.

For complete weld specifications, see Appendix 2.7.

3.4.5
Specification of Pins and Fasteners

The pins around which the crane pivots are the same as those used on the original crane (Drawing 03, Appendix 1).  The calculations used to confirm their suitability appear at the end of the reaction force calculations (Appendix 2.1).  The existing pins provide a safety factor of 12.
The clevis pin has been designed with a cap end and a 1/8-inch hole to accept a cotter pin for ease of assembly (Drawing 08, Appendix 1).

The bolts used to secure the mounting brackets and back plates to the building column are the same as those used on the existing crane.  Bolt calculations are given in Appendix 2.8.
Shear plates are mounted on either side of the connection between the main beam and the vertical member.  These plates are not strictly necessary to support the design load, but will become necessary if Knelson decides to increase the capacity of the crane (see Recommendations).  The plates are shown in drawing 06, Appendix 1.

3.5
3D Solid Modeling of Crane in Inventor™
Autodesk Inventor™ was used extensively in the design of the crane.  The solid model helped the design process by allowing the team to visualize the components of the crane, and how they fit together.

3.5.1
Preparation of Drawings

The drawings were generated from the Inventor™ model, then revised to conform with good drafting standards.

3.6
Final Stress Analysis of Crane

After the detailed design work was completed, the crane was re-analyzed in Algor™ to confirm that it was adequate for the specified capacity.  In performing this analysis, the designer found that, with some re-design, the crane could be made to support a much heavier load.  The Algor™ results shown in Appendix 4 demonstrate the crane’s potential capacity, as well as issues that must be resolved in the re-design.
2-ton load at end (Appendix 4.3): With a design load of 5200 lb applied at the end of the crane, only a small area experiences stress in excess of the design stress (10,600 psi).  A more detailed model (including the clevis mount) is needed to determine how the stress would actually concentrate in this area.

1½-ton load at 7½ feet (Appendix 4.4): With a design load of 4000 lb applied near the root of the main beam, the beam tends to shear away from the vertical member.  A more detailed model, including the shear plates on either side of the joint, would show how this stress propagates.
1½-ton load at 20 feet (Appendix 4.5): A design load of 4000 lb tends to pull the lower flange of the main beam away from the web.  If the trolley has enough clearance, a series of gussets between the lower flange and the web may reduce this tendency.
4
Conclusions and Recommendations
4.1
Conclusions

All of the design requirements were met or exceeded.

4.1.1
Capacity

The crane has a rated capacity of one ton, based on a design load of 2700 lb.  Based on Algor™ results, the crane may be re-designed with a higher rated capacity.

4.1.2
Length

The crane’s overall length exceeds 30 feet.  The main beam is 360 inches long.  The distance from the pivot point to the end of the beam is 372 inches.  Assuming that a load may be suspended 4 inches from the end of the main beam, the crane’s overall reach is 368 inches (30 feet, 8 inches).

4.1.3
Use of Original Hardware

The following components from the original crane may be re-used:

· Column mounting plates
· Column mounting bolts
· Mounting brackets
· Pivot pins*
All other components must be ordered or fabricated.

4.1
Recommendations

The design as a whole must be re-evaluated by a professional engineer to ensure that no errors have been made.  The re-evaluation should explore the possibility of increasing the capacity of the crane.
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Glossary

Algor™ – A computer application used to perform finite element analysis.

S10@25.4 - An S-shape has narrow flanges with respect to its web, and is intended to resist bending in one plane.  Example: S8@18.4 beam is eight inches deep, and weighs 18.4 pounds per linear foot (see Figure 5).

Flange – The upper and lower horizontal parts of an I-beam shape.

Inventor™ – Autodesk Inventor™, release 5, a computer application used for 3D solid modeling.

Jib crane – A crane consisting of a long horizontal boom attached to a vertical member.  In this case, the boom, or jib, is also supported by a diagonal tension rod.  The crane is mounted on a structural column.

Knelson – Refers specifically to Knelson Concentrators, the division for which the crane has been designed.

Original Crane – Refers to the 20-foot crane presently in place at Knelson’s facility.

Steel – It is assumed that all structural components are made of ASTM A36 structural steel.  Welding rod material is specified in Appendix 2.8.

Vertical member – In this document, the vertical I-beam that forms part of the crane will be referred to as the vertical member.  Column will refer to the structural member of the building on which the entire crane assembly is mounted.

Web – The vertical central part of an I-beam shape (see Figure 5).
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Figure 5: Cross-section of S10@25.4 beam.

Appendices

Appendix 1 – Drawings
01
Assembly

AutoCAD DWG
02
Clevis Mount
AutoCAD DWG 
03
Pivot Pin

AutoCAD DWG 
04
Pin Bracket Top
AutoCAD DWG 
05
Pin Bracket Bottom
AutoCAD DWG 
06
Side Plate

AutoCAD DWG 
07
Welds

AutoCAD DWG 
08
Clevis Pin

AutoCAD DWG 
09
Stud


AutoCAD DWG 
10
Upper Stud

AutoCAD DWG 
Appendix 2 – Calculations
A2.1
Reaction Forces on Building Column (page 1, page 2, page 3, re-calculated)
A2.2
Buckling Load
A2.3
Size of Tension Rods
A2.4
Clevis Pin
A2.5
Clevis Mount
A2.6
Mounting Brackets
A2.7
Welds
A2.8
Bolts
Appendix 3 – Components 
A3.1
Bill of Materials
A3.2
Catalog Parts Specification Sheets

A3.2.1
Clevis
A3.2.2
Turnbuckle
A3.2.3
Bearings
Appendix 4 – Algor™ Results
A4.1
Stress and Deflection of S8@18.4 beam
A4.2
Stress and Deflection of S10@25.4 beam

A4.3
2-ton load at 30 feet
A4.4
1½-ton load at 7½ feet
A4.5
1½-ton load at 20 feet
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* If the pivot pins cannot be removed from the original crane without damage, new, identical pins should be fabricated.
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