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Summary

We propose a new design approach to the block raiser forks and block support pallets.

The new design reduces the longitudinal support deflection to 0.015 inches  for the empty block while on the block raiser ,  reduces the unsupported lateral span to 17 inches, provides for fork droop correction, and allows the block to be set exactly vertical or with a slight bias toward the block raiser table for added stability during setting.

When installed, the pallet supports 96% of the block area, is only 8 inches high,  weighs 6500 # , and is easily assembled entirely from cut square tubing sections.
This updated version differs by using an empty block weight of 313,000#, and a maximum usable stress of 10,000psi in the forks. We have increased the tubing and fork dimensions to meet those specifications, with a negligible change in cost.

Introduction

It is assumed that each block (of 30 or 32 planes) will sit on a pallet for two reasons:

a. To provide  clearance for the forks that  the block raiser uses to hold the blocks;

b. To provide a witness space for monitoring any oil spills.

This note addresses requirements and offers a solution for the design of the pallets and  the forks.
Requirements
For lift-truck type forks,  Ang Lee has shown that the droop at the tip must not exceed ½ inch in order to keep stresses in the PVC at acceptable levels.
Similarly, he has shown that the lateral sag between support forks must not exceed 0.080 inches.
There is an additional requirement for safe block handling while on the forks.

The block should not develop a gap between its top and the block raiser table.  Such a gap will leave the block controlled only  by the relatively compliant  forks.  It is desirable to be able to snug up the block to the table, or even ad a small bias force at its top  toward the table. 

Design Concepts
So far, two design concepts have been proposed:
a. Support the block on a pallet that sits on forks.
The pallet deflects along with the fork in beam direction,

and forms a lateral support bridge between forks

b. The pallet itself becomes a set of stiff forks,

And has a moment connection to the block raiser table.


The pallet, again, forms a lateral support bridge between forks.
The new concept presented here: 

We divide  the functions of support (high stress, high deflection) and shape control (low stress small deflection) between the forks and the pallet.

In addition we meet  the support bridging needs by using closely spaced forks (24).     We incorporate active droop compensation.

Description of the  Proposed Design Concept
We will illustrate the concept with numbers form a particular choice of design parameters;    other optimizations are possible.

The generic Block Raiser Table:

All block raiser designs have a top surface on which the blocks are assembled.

Most will have a bottom surface or its equivalent, to create sufficient moment of inertia for a stiff table.  We assume two such decks, spaced by a few feet (we assume 5 ft spacing). [image: image1.jpg]Hans Jostiein
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Fork Design:

Our forks are made from low carbon steel bar,7” wide x 7” thick.
We allow a maximum stress of 10,000 psi

The forks  are anchored  at the top deck, with a simple cradle to allow a small tilt motion,
and at the bottom deck.  This makes them into simple levers.

The load ( we assume an empty block weight of 313,000 pounds) acts effectively  at a half-block thickness (40.3”)  above the top deck and is resisted by the cradle and the fork end near the bottom deck.

(Note that the forks are forged into a slight upward “kink” at the cradle location to provide floor clearance for the part between the decks).

Here is the important part:

The forks are designed to touch the pallet only at the two “harmonic points”, about  20” and 60” from the top deck, to minimize the deflection of the pallet:
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This allows the pallet to be of light weight  and inexpensive, yet keeps the pallet deflection small, a total of 0.025” or +- 0.013 inches.  Consequently the PVC sees negligible distortion and stress:
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The pallet deflection is reduced by a spectacular amount.

For  the single cantilevered beam of length  L,  Roark Table 3, case 2a , gives the maximum deflection as

Ymax = -w * L^4  / (8 * E * I)
Where w is the linear load (#/inch), L the length in inches, E the elastic modulus (30 E6 psi for steel) and I the moment of inertia of the beam section.

For the case where we support the pallet at the harmonic points , Roark Table 3, case 2d, with the length now being the separation of the harmonic support points, we get
Ymax = -w L^4 / (384 * E * I)

The numerical factor makes it 48 times smaller (8 / 384), and the effective length reduction  reduces deflection by another factor   ( 1 / (1 – 2* a))^4 = 11.8,
where a is the fractional distance of the support from the pallet ends , approx a = 0.23.

Hence , for the same beam, the deflection is reduced by a factor (48) * (11.8)  =564.
This allows the much smaller deck height (6 inches are proposed), and the use of much smaller sections (6x6x1/8 wall tubes), while maintaining a very small overall deflection.  

Active Droop Compensation

Any block support system will deflect under the weight of the block when it is raised to the near vertical attitude.  The current NOVA design also calls for two different types of blocks, those with 30 planes and those with 32 planes (which will be 4.4% heavier than the 30 plane blocks)

 We have discussed the shape deflection and proposed a remedy above.
The second large effect of the support deflection is that the block will tilt away from the block raiser support deck.  As an example, if the support droops by 0.5 inches at the tip, its average angle will be   0.5 * (0.5”  /  80.5” ) = 3.1 mrad.  The top of the block will move away from the support deck by 4.6 cm.  At that point  the block is less well controlled because it is now balancing on the pallets and forks.  This can lead to uncontrolled swaying during the final tilt approach.
That angle can also complicate the task of setting the block down in its final location.

We propose a simple scheme for droop control.

The forks need a strong moment connection to the table.

The connection can be implemented using  forks that extend all the way back to the lower block raiser deck.  Where they penetrate the upper deck, they are captured in a simple cradle-type bearing. At the lower deck they are attached to the clevis end of  a screw jack that is mounted in the plane of the lower deck.  There will be one screw jack for each fork. All jacks are driven by a common  rotating tubular shat that runs the full width (50 ft) of the block raiser.  This makes all jacks extend in accurate synchrony.  One can also use the jacks to achieve accurate alignment of the fork tips by clocking each jack prior to connecting them to the drive shaft.   The proposed jacks are the model 9014 machine screw actuators made by Duff Norton: 
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They are rated for 10 tons force and extend  0.028” per turn.  The actual force on the actuators depends on the deck thickness, and is 8.7 tons for a 60” thick deck.
The following cartoon illustrates droop compensation:
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Support in the lateral direction

We use closely spaced forks (24 forks,  25 inches apart) to support the block.

The forks slide into 8 x 8 x 1/8” wall tubes that leave 17 inches of unsupported base plate between the tubes.  This means that 32% of the base plate is supported.  The support pressure is hence slightly lower than that  for a fully supported and filled block, since the empty block weighs about ¼ of a filled block.
Support of the filled block
Each fork with its 8” tube is flanked by two more 8” tubes , for a total of 72 tubes, as shown in this picture:
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These  tubes act as spacers to transit the weight of the filled block to the concrete floor.

The tubes support directly 72% of the block base plate area.  The additional tubes are not needed to support the empty block, and are not made into a support bridge.  For all practical purposes they could just be slipped in to stand by for the added weight when the block is filled.  They are, however, integrated well enough into the pallet to make it an element that can be handled easily.
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Pallet Length

Since there are no lateral stiffness requirements, the pallets can be built in sections as convenient. For instance, since tubing may come  in 20 ft length, one could build then pallets as 2 each 20 ft units plus a 10 ft unit.
Shorter units are also acceptable.

Pallets as Block Assembly Guides

The pallets will serve as alignment guides during block assembly.

There is an intentional clearance between the tubes and the inserted forks to allow easy fork withdrawal.  During block assembly the pallets must be snug up against the tops of the forks.  This requirement must be met by all pallet designs.  This can be done passively using,   e.g., leaf springs,  or actively,  using small air cylinders.  In any event, this system is not complicated or expensive. 

As mentioned above, the fork ends can be aligned accurately and easily via clocking the jack screws.

Costs

Using Dave Pushka’s costing rule for steel structures ($ 0.50/# for material plus $ 1.50 for fabrication), the pallets (weight 6500#) will cost $ 13,000 each.

The forks weigh  680 #each, for a total weight of  16300#.  Using the same costing rules, we arrive at $ 32,640 for the 24 forks.

The screw jacks (10 ton rating) cost a total of $  18,696  (Duff-Norton quote).

This does not include the motor, controller, gear box, and drive shaft.  Note that the jacks are  driven by a split 50 ft tubular  shaft to ensure precise parallel extension.  The jacks are self-holding and will not self-retract under load.

There will be additional costs for integrating the forks and jacks into the block raiser table.  Many of these costs are common to all designs.

