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1.0 Problem Summary

A telescoping crane boom design is proposed. Thgydeises standard steel sections and catalog
hardware to make a low-cost light-capacity marketye Final tube length and overlap schedulesare t
be determined. This study is performed to estabagidity of the design concept and to better bedck
the possible overlap/capacity combinations.

Figure 1a — Retracted boom on simple support

The boom is specified to have a 238 inch extendegth, cable spool to front sheave, at 800 pound
capacity. Retracted length and total weight is ddpat on the chosen tube length. Target loaded
extend/retract time is 75 seconds in either dioecti
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Figure 1b — Extended boom with dimensions

2.0 Design Details and Evaluation Criteria

There are four tubes in the boom. At each of theettoverlaps there are two bolt-on cartridges each
holding two roller bearings to take the primarydsaFor lateral control there are four flat polymexar
pads each captive inside sets of weld-on barswiae pads are expected to be greaseable from inside
the boom, through a retainer screw with integréliegh fitting. Both roller cartridges and wear pade
shimmable for build adjustment.
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Figure 2a — Exploded view of overlap with rollersdawear pads

Each roller cartridge has a frame with eight bolek. This frame carries a shaft on which two rslle
bearings ride. The shaft is keyed on both endkfmtion and anti-rotation relative to the tubetisec

The tube sections are planned to be made fromhah@gdness variety of A513 carbon steel sections,
wall thickness of ¥4 ot/s inch.
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Figure 2b — Section view showing tube sections

Success of this design hinges on performance dutiesections and the load-bearing hardware. The

stated questions driving this analysis work are:

- Are stresses in the tube walls acceptable?

- Are loads in the rollers and pads under rated|$®

- Are stresses in the roller assemblies acceptable

The assembly is to be studiedcarrying rated loath btatic vertical and with a 15 degree laterédetdf
to accommodate swinging or misaligned loads.
3.0 Procedure

A CAD model of the assembly was supplied in Solickgdormat. A duplicate Solidworks model was
made and modified for simulation work.

The model was configured at five different tubeglignand overlap values, for study of response in
contact forces.
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Figure 3a — Overlap configurations at contact exted length
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Table 3b — Tabulation of basic dimensions
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Figure 3c — Tube overlap increase from 18 to 2héew

The boom is planned for elevations up to 55 degrBes model is configured at 25, 40, and 55 degrees
elevation for guidance in establishing a load thart.
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Figure 3d — Boom extended at 40 degree elevation

For simulation the motor spool is replaced witlixad axle, with a ‘wing’ shape that provides a egrt
at the tangent point of the planned load cable.Aduk end of the boom is modeled with a free-spigni
body, split to make vertices at the tangent pahthe load cable at each elevation.
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Figure 3e — CAD models of motor and hook ends ofrbassembly for simulation

Both end sections of the boom are weldments. THdadgoarts are joined into a single solid, withavel
beads modeled. Significant overlaps between wegbdets are cut into the model as literal gaps.

After start of detail design work early studieswkd need for a reinforcing band around the enti@f t
first weldment. This band was added to the simatathodel for the presented results.
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The simple base model is fixed in space. Loadirgyifrce vectors on the sheave tangent and static
cable fixture, plus a gravity vector. The lift aydier is modeled simply but literally in two piecksgth
fixed as appropriate.

The proposed extension cylinder is a multi-stagghtesacting model. For these studies it is replaced
with a one-piece tube of correct approximate weight

For the bulk of these studies it is assumed treatdHer cartridge design and wear pad retentien ar
successful, so the cartridges and wear pads adeddo the main tubes. A later more detailed stady
performed to validate the roller cartridge design.

All studies are linear static stress-strain simatet. Second-order finite elements and high acgurac
contact are used. Details of the setup are inpperadix.
4.0 Results Summary

Studies performed are summarized in the followalgd. Complete force results are tabulated in the
appendix.

STUDIES
load
study angle |cutlength| overlap | lift angle | load (Ib)

AO 0 72 20 0 1600
Al 0 72.75 21 0 1600
A2 0 73.5 22 0 1600
A3 0 74.25 23 0 1600
A4 0 75 24 0 1600

BO 15 72 20 0 1600

B1 15 72.75 21 0 1600

B2 15 73.5 22 0 1600

B3 15 74.25 23 0 1600

B4 15 75 24 0 1600
C25 0 72 20 25 1732
C40 0 72 20 40 1990
C55 0 72 20 55 2550
C554 0 75 24 55 2550

Table 4a — Summary of Studies

“A” series studies are run with the boom horizongalfull extension, and vertical load. Five
configurations are run with different tube lengémsl resultant overlap.

“B” series studies run the same geometry as s&kigsvith the load vector at a 15 degree angle from
vertical (to the operator right).

“C” series studies start with the boom geometrgtatly AO elevated at three angles, 25, 40, and 55
degrees. The load is vertical and indexed accordirggproposed load chart formula. An additional
study at 55 degrees elevation is run with the bgeometry from study A4.

To illustrate force trends, values are taken fromgecond tube section (from operator end), on the
operator left side rollers and pads.
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FX: [278¢-08 Ibf
FY: |-8.09e+03 Ibf

FZ: |1.29¢-07 Ibf

FRes:[8.09¢+03 Ibf

FX: [555¢-07 lbf
FY: |-0.00808 Ibf
FZ: |2.26e+03 Ibf

FRes:[2.26e+03 Ibf

FX: |-1.55€-08 Ibf
A

FY: [-613¢+03 Ibf
FZ |-631e-06 Ibf

FRes:|6.13e+03 Ibf

Fx: [4e-07 Ibf

© ]-0.0079 Ibf

: |-1.48e+03 Ibf

FRes:|1.48e+03 Ibf

Figure 4b — Force probe locations

Forces on these locations are graphed over theséfies of studies, vs tube length. Data are fram th
bearing cartridges bolted to tube 2, bearing oeduband 3.
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Figure 4c — Contact forces with level load
Forces drop predictably with increasing overlap.
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Level, 15° side load
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Figure 4d — Contact forces with lateral load
With lateral loading added, right side wear padsiacluded.
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Figure 4e — Contact forces vs elevation

As the boom is elevated, forces decrease slightig.load schedule formula is conservative. Note tha
the last elevation includes points for 75 and thitube lengths.
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The static load rating of the main roller bearia@800 pounds force. A smaller bearing is used anly
the position fixed to tube 4 where it bears on tBpthis bearing is rated for 3700 pounds force.

In many of the studies the hardware load ratingsvarlated, not accounting for any factor of saféty
particular, the rollers between sections land 2aca@ed over rating in most studies. At the wdnst t
force acting on these rollers exceeds 9000 powBels. appendix for a full tabulation.

The wear pads are rated for 2520 pounds norma fettle sliding. In many cases this value is also
exceeded.

Stresses in the tube sections are generally addep&mall hot spots can be noted at points ofamint
with the rollers. The stress field is most comgkcbhwhere the lift cylinder supports the end offihst
tube section.

Figure 4f — Surface stresses, level load, minimuetlap
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Figure 4g — Additional views of previous stresd (6® ksi scale)
Vertical deflections are in the expected shape8 ih@hes in the worst case (minimum overlap).
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Figure 4h — Vertical deflection, level load, minimwverlap (blue down).
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The stress pattern shows modest changes whenaithéslat a 15 degree angle. The following figure ca
be compared directly to the first stress plot.

Figure 4i — Surface stresses, lateral loading

As the boom elevation angle is increased, the megpdoad chart conservatively reduces the primary
bending moment of the load. Overall stress in tie tsurfaces is seen to drop slightly.
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Figure 4j — Surface stress with boom at 25 andi&§rees elevation

5.0 Detailed Analysis
Structural response in key areas was investigatetbre detail.
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Figure 5a — Section through stress plot (level laathimum overlap)

Early modeling work led to reinforcement of theeruénd of tube #1. This area sees support from the
lift cylinder introduced, inside the largest momanth from bearing pairs. A reinforcing band was

designed which fit over the original geometry, tovirelded all around. For the simulation model a gap
was maintained inside the band, it being joined anlthe welds which were modeled in 3D. The mesh

was refined to capture high gradients in this area.

Figure 5b — Stress plot on mesh at end of tube #1

Successive section views through this area denaiadtrat the reinforcing band improves overallsstre
in tube #1, but local concentrations from rollentaxt are still high, and tube #2 is not aided.
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Figure 5¢ — Three sections through same stress plot

The bearing cassette system is key to successsaldhign concept. At the overlap between secons
and 3 the cassette and tube models were made mtaiked. Virtual bolts were defined for all fastese
in this case #10 socket cap screws with 10 ft4fgue preload. Contact conditions are defined batwee
bearings, bearing shafts, cassette frames, artdlks.
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Figure 5d — Model and simulation detail at 2-3 daer

The bearing models remain solid cylinders, sizatl larger than the shaft. But here they float @efr
contact with the shaft and the retaining faceseftiolder. A refined mesh improves capture of bempdi
in the tube walls and fine stress gradients inctmsette frames.
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Figure 5e — Mesh on exploded view at tube end

Previously only net forces on the bearings have lveasidered. In this more detailed model local
stresses can be investigated. A section view thralig bearing cassette under load (boom extended,
load vertical, minimum overlap) shows a conditieers to some extent in every location.
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Figure 5f — Section through stress field at bear2:g

Stress in the bearing is concentrated at the autsides. Magnification of the displacement reveals
distortion of the relatively thin-walled tubes & ttause of this concentration.

Figure 5g — Stress through same section (10X digpieent)
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The free end of tube #2, to which the bearing dtssefastened, bows outward. The loaded secfion o
tube #3 curves some in the opposite direction.misalignment puts the outside edges of the bearing
surfaces in much harder contact than the inside.

Fastener forces are taken from the bearing cadsattes. The forces exceed 3000 pounds in some
instances.

Figure 5h — Screw forces on bearing cassette

These forces are larger than the holding capatisyhagh-strength #10 fastener. This is also mbaa t
the pullout force expected in threads through thelgubes.

The cassette frame itself will be made from a tstgength cast alloy.
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Stress plot (with mesh) on cassette frame at positi
Stress peaks are seen only at fine details antragh. Design of final as-cast geometry may addre
these locations.
6.0 Conclusion
The proposed reach boom design is conceptuallg Malit not successful as currently sized and rated.

As total moments between roller pairs increase fimed end to operator end, local forces increase.
Tube sections 1 and 2 could be made from thickded/anaterial.

Needle roller bearings are poorly suited to thigliaation. Flex in the tube walls concentrates load
one edge of each bearing. For this low-speed apit plain bearings with either limited self-
alignment or crowned bearing surface may be ingattd.
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The cassette frames work well but are sized fdefass that are too small in some locations. Tullé w
thickness must also be increased in these locatiiopsevent thread pull out.

The sliding wear pads are rated for a relatively RV. As these values are often generated against d
steel, and these pads have provision for lubrinative PV may be very conservative. Consultatiaih wi
the material provider and/or experimentation acememended.

Hertzian contact stress against the tube sectimmsat be estimated at this time. Flex in the tub#sw
leads to misalignment with the cylindrical rollezdyings. If alignment can be ensured, these valales
be calculated very accurately with handbook methods
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APPENDIX

Specified hardware:
The proposed wear pad has a load surface ared sfj8are inches.

Its proposed material is Nylatron GSM with a limgipressure-velocity of 3000 psi-ft/min. At 10 fpm
this gives an allowable force of 2520 pounds.
The proposed roller bearings are the AST SCE9DbI(tubes 4 to 3) and AST SCH1016 in all other

locations.

Stone Lake Analytics, LLC Project 2001 Page 25/29



Static load ratings are 3700 Ibf for the SCE912 @3@0 Ibf for the SCH1016.

Analysis Setup:

Linear static finite element analysis is perfornaeda mesh of P-order tetrahedrons. Local refinement
is performed around areas of interest, curving ggomor where high stress gradients are initially
found. A typical mesh is shown, with its statisticabout 900,000 nodes on under 500,000 elements.
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Typical run time is under 12 minutes on a late-nhdake! i7-based workstation.

Weldments are treated as single solids. Welds adehad literally in 3D CAD, with gaps maintained as
expected based on typical penetration.
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Loading for all runs is by gravity vector and appliloads at the hook end, load split 50/50 between
front sheave and static hook. Offset loading iseaad by angling the vectors.

The only fixture is at the underside of the simptifbase model.

The lift cylinder is modeled as live steel elememtgh “pin” connectors at either end and betwe®a t
piston and shell. This permits free movement ofaylender in every degree except its length.

No-penetration contact is defined between rollews tabes, and between the wear pads and sliding
tubes. The pad locating system is assumed effeatidehe pads are bonded to the non-sliding tubes.

A “pin connector” defines location and free motimirthe load end cable sheave. A rigid link defities
cable from motor reel to load end sheave.
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Complete Force Results:

Output force values for every contact locationtatrilated below. Forces in excess of hardwaregsiane highlighted.
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