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Garvey Control Philosophy

The Garvey Infinity seeks to create harmony between machines of different rates, feed configurations, and efficiencies.  It accomplishes this using an innovative loop conveyor system with an integrated single filer.  A chain is only as strong as its weakest link and a production line can only run as fast as your slowest machine, the constraint.  The Garvey Infinity helps keep your constraint running as much as possible by protecting it from the downtimes of other machines.

Under normal running conditions the Infinity table will either be full or empty based on the following circumstances:

1.  The table will usually be full if it is upstream from the constraint.

2.  The table will usually be empty if it is downstream from the constraint.

The control system should always work to put the table back into its normal state.
Outfeed Gates

The gates should be used to direct the flow of products during normal mode and accumulation mode.  Gates should always extend out slowly and retract quickly.  Pneumatic gates should be equipped with a flow control to modulate the extension speed.  Also, once the gate is in motion it should continue until it reaches its stopping point.  Changing the direction of the gate while it is in motion can cause product turbulence.  A control system timer that allows the gate a few seconds to finish the cycle should be used.
Normally Empty Tables
Products enter the loop system and flow toward the outfeed.  The table speed should be approximately 1.3 times the single file choke speed of the product.  The single file choked speed is the chain speed at rate when the bottles are back to back with no gaps.  Use the following formula to calculate the choke speed:

Product diameter (ft) x rate of downstream constraint (ppm) = single file choke speed (fpm)

The downstream constraint is the max rate of the slowest machine downstream from the Infinity until the end of the line or the next accumulation table.  This may be the machine immediately following the table or one farther down. 
In normal mode, the Infinity will be capable of outfeeding more products than it is receiving.  This means the Infinity will outfeed products to the next machine and that machine’s local prime sensor will turn it off or on.  If the products back up all the way to the Infinity due to a malfunction or a problem with rate, the table will be put into accumulation mode.  A sensor should be placed close to the Infinity outfeed section to tell if products are moving there.

State Diagram: 
	prime sensor (a)
	outfeed HLS (b)
	Infinity HLS (C)
	infinity State
	gate State
	upstream Signal

	Flowing
	Flowing
	Not FULL
	EmPTY
	Outfeed Open
	Ready

	Stopped
	Flowing
	Not FULL
	EMPTY
	Outfeed Open
	ready

	Flowing
	Stopped
	Not FULL
	accumulation
	Outfeed CLOSED
	ready

	Stopped
	Stopped
	Not FULL
	accumulation
	Outfeed CLOSED
	ready

	Flowing
	Flowing
	Full
	full
	Outfeed Open
	stop infeed

	Stopped
	Flowing
	Full
	full
	Outfeed Open
	stop infeed

	Flowing
	Stopped
	Full
	full
	Outfeed CLOSED
	stop infeed

	Stopped
	Stopped
	Full
	full
	Outfeed CLOSED
	stop infeed


Note:  In order to get the increased thruput that accumulation brings, your machines will have to be capable of running at different rates.   Otherwise the Infinity table will fill up once and never empty out again. 

Sensor Locations:
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Figure 1:  Accumulation Table in normal mode because sensors A and B see moving product.
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Figure 2:  Accumulation Table in accumulation mode because sensors A and B see stopped product.
Normally Full Tables

Normally full tables buffer against a downstream constraint, so their speed should always stay consistent with the rate of the constraint.

Product diameter (ft) * rate of constraint (ppm) *1.3 = approximate table speed (fpm)

If the table begins to get low on product, due to an upstream malfunction, the upstream equipment should speed up to fill the table again. 


State Diagram
	prime sensor (a)
	outfeed HLS (b)
	Infinity HLS (C)
	infinity State
	gate State
	upstream Signal

	FLOWING
	FLOWING
	NOT FULL
	EMPTY
	OUTFEED OPEN
	SURGE SPEED

	STOPPED
	FLOWING
	NOT FULL
	EMPTY
	OUTFEED OPEN
	SURGE SPEED

	FLOWING
	STOPPED
	NOT FULL
	accumulation
	OUTFEED CLOSED
	SURGE SPEED

	STOPPED
	STOPPED
	NOT FULL
	accumulation
	OUTFEED CLOSED
	SURGE SPEED

	FLOWING
	FLOWING
	FULL
	full
	OUTFEED OPEN
	NORMAL SPEED

	STOPPED
	FLOWING
	FULL
	full
	OUTFEED OPEN
	NORMAL SPEED

	FLOWING
	STOPPED
	FULL
	full
	OUTFEED CLOSED
	stop infeed

	STOPPED
	STOPPED
	FULL
	full
	OUTFEED CLOSED
	stop infeed


As mentioned above, the Infinity should always be working towards getting back to it’s normal state.  In this case, the normal state is being full of product.
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Figure 3:  Sensors A and B showing moving product and the table is in it's normal state.  It is receiving product upstream at a normal rate. [image: image6.jpg]


Figure 4:  Sensor C sees the table population decreasing, so a signal is sent to put the upstream equipment in the surge state to fill the table back up.
