Q.iMPACT Basics


The Basics

The Q.i can be a rather intimidating terminal to understand, but hopefully the basics described below will help you in understanding its operation.

To understand the Q.i, you need to understand the basics of material batching.  Material batching is nothing more than delivering a specific amount of some ingredient into some sort of container.  The container is mounted on a scale so that the amount of material delivered can be monitored and controlled.  This container that is attached to a scale is called a scale hopper.  In a simple batch application, the user enters the amount of material desired (the target weight) and then starts material feeding.  This turns on the output that controls the feeding device and material begins to fall into the scale hopper.  The scale terminal then constantly monitors the scale weight and compares it to the target weight.  Once the target weight of material is reached, the scale terminal turns off the output that controls the feeding device.

There is only one minor problem here.  When the feeding device is turned off, there is usually material that is still falling into the scale hopper.   The scale hopper can’t measure it directly because it’s still in suspension.   This extra amount of material that falls into the scale hopper after the feeding device is turned off is called preact or spill.  For clarification it will be referred to as spill in the remainder of this document.  If the spill is the same from batch to batch, then the user simply has to subtract the spill from the desired target weight and enter this value.  Now when the feeding device turns off it will have delivered an amount equal to the desired target weight minus the spill.  The spill now falls into the scale hopper and brings the weight up to the desired target value.

Unfortunately repeatable spill is usually not the case since the flow rate at which the material is delivered can vary from batch to batch.  Using two or three speed feeding devices to slow the rate at which the material is delivered as it approaches the target (desired target – spill) is somewhat more successful.  The cost and / or implement of multi-speed feeders may be prohibitive.

Up to this point we have talked about controlling a material feed into a scale hopper.  A device called a flow meter can also control a material feed.  A flow meter is used with liquid materials.  As the material flows thru the flow meter, a series of pulses is sent to the flow meter card in the Q.i.  Each pulse represents a fraction of weight and the flow meter card sums up these pulses and compares it to the target value within the flow meter card.  Once the sum of the pulses equals the target value, the output (on the flow meter card) is turned off.  This is turn closes a valve downstream from the flow meter.

Material Feed Algorithms

The Q.i implements four types of feed algorithms as explained below:

Spill Only

Spill only material feeds use the spill from the last material feed for the next material feed.  In other words, the actual target weight (the cutoff weight value) equals the desired target weight minus the spill weight from the last feed.  For example if the desired target weight is 100 lbs and the spill from the last feed was 10 lbs, then the actual target weight would be 90 lbs.  Spill only feeds should be used to control very slow feeds or feeds with very erratic, unpredictable flow rates or for very short feeds that are 5 seconds or less. Or extremely stable FlowRates
K1

K1 algorithm feeds calculate a new spill value (predicated spill) once a second.  This predicated spill value is equal to the K1 Factor times the current material flow rate (its absolute value).  The K1 Factor is re-calculated at the end of a material feed.  Remember that the actual target weight is equal to the desired target weight minus the spill weight.  Therefore the actual target weight value is also being re-calculated once a second during the material feed.  K1 algorithm feeds should be used for feeds that have a constant, very predictable flow rate. Not true, K1 can be used for varying flow rates the next statement is the key to when to use a K1 For example, a K1 algorithm feed is typically used with horizontal feeds that do not have any initial downward velocity. Or slower flow rates or vertical feeds that have minimal initial downward velocity.
K2

K2 algorithm feeds, like K1 algorithm feeds, calculate a new spill value (predicated spill) once a second.  This predicated spill value is equal to: 

(K1 Factor + (K2 Factor * current material flow rate)) * current material flow rate Close enough
As you can see another factor called the K2 Factor is used here.  Both the K1 Factor and K2 Factor are re-calculated at the end of a material feed.  Like the K1 algorithm feed, the current material flow rate is an absolute value.  K2 algorithm feeds should be used for flow rates that are variable, but predictable.  For example, a K2 algorithm feed is typically used with a vertical feed where variations in head pressure can cause variable flow rates. Typically used where the initial downward velocity is significant. This results in a Spill to Flow Rate ratio that is non-linear
Dump To Empty

Dump-To-Empty feeds are used to empty a scale hopper.  The discharge valve on the scale hopper is closed when the scale hopper’s net weight is less than or equal to zero.

Material Feed Types

As mentioned earlier, we focused on material feeding into a scale hopper.  This is referred to as a Gain-in-Weight feed.   The scale hopper gains weight as more material is being fed into it, hence the name Gain-in-Weight.  In this type of feed the actual target weight is equal to the desired target weight minus the spill.

You can also feed material out of a scale hopper.   Let’s say that several different materials were fed into a scale hopper (more on this later) and then mixed together to form a new material.  The best way to deliver specific amounts of this new material to another destination is to feed out material from the scale hopper.  This is referred to as a Loss-in-Weight feed. The scale hopper loses weight as more material is being fed out of it, hence the name Loss-in-Weight.  In this type of feed the actual target weight is equal to the desired target weight plus the spill.

Material that is fed and controlled by a flow meter is called a Flow Meter feed.  In this type of feed the actual target weight is equal to the desired target weight minus the spill.

There are also situations where specific amounts of pre-weighed material must be manually added to a scale hopper.  This is referred to as a Hand Add feed.

Gain-in-Weight, Loss-in-Weight, and Flow Meter feeds can implement either the Spill Only, K1, or K2 feed algorithms.  A Loss-in-Weight feed can also implement a Dump-To-Empty.  There are no feed algorithms selectable with a Hand Add feed.

Putting Limits On K1 and K2 Algorithms

The K1 and K2 Algorithms calculate a new predictive spill value once a second.  These algorithms must be bound within certain limits or their performance can become unpredictable.   Since these algorithms create factors (K1 Factor and K2 Factor) that are used to calculate a predictive spill based on the current flow rate, then some reasonable limits must be set for spill and flow rate values.  These limits known as the Average Flow Rate Low Limit, Average Flow Rate High Limit, Average Spill Low Limit, and Average Spill High Limit create a box within which the K1 and K2 algorithms operate.  At the end of a material feed two variables, the Average Flow Rate and the Average Spill, are tested to see where they fall within the box.  

Numerical limits to the actual K1 and K2 values can now be set using the PAC web page while in program mode for revisions 0.5, A.0, and Q.i Lite.  The user can set the +/- limit values for both the K1 and K2 calculated values.  Setting limits can prevent algorithm divergence that can lead to over-fill conditions.  If a newly calculated K1 or K2 value falls outside of its limits, the next feed will be a spill-only feed (substitute spill-only).

If the Average Flow Rate and Average Spill fall within the middle 50% range of the box value (when offset from the average values), then this is considered a good feed and the K1 and K2 parameters are updated (which includes the computation of new Average Flow Rate and Average Spill values).  If the Average Flow Rate or Average Spill falls outside this range, then this is considered a bad feed and the K1 and K2 parameters are not updated.  If at the completion of a material feed, the Average Spill is less than the Average Spill Low Limit or the Average Spill is greater than the Average Spill High Limit, then no K1 or K2 parameters are updated and the next material feed will be Spill Only.

Initially the Average Flow Rate and Average Spill limits should be set fairly wide to capture process settings and then later set to a narrower range to more closely control the process.  The Average Flow Rate and Average Spill values are readily available for inspection and modification.  After several material feeds have been performed, then the Average Flow Rate limits and Average Spill limits can be adjusted.  A good rule of thumb is to never set the high limits to greater than twice the average values.  When feeding for the very first time, set the Average Spill and Average Flow values to zero.  This will force the first feed to be a Spill Only feed and the Average Spill and Average Flow Rate will be set to values (from an actual material feed) that can be used by the K1 and K2 algorithms.

The K1 and K2 algorithms should not become active immediately when the material feed starts.  Time should be allowed to permit the flow rates to come up to speed and be relatively stable.  This delay time is referred to as the Minimum Open Time.  This time depends greatly on the feed type and care should be taken to never set this time to a value greater than the actual time it takes to feed a material or the K1 or K2 algorithm will never start predicting the spill (and you will end up with an error indicating that the K1 or K2 algorithm never started).  The K1 and K2 algorithms will also fail to predict a spill until the flow rate exceeds a minimum value known as the Minimum PAC Flow Rate Threshold.  This can be set at a very small value initially, but should adjusted later to more closely reflect actual flow conditions.

Another parameter that affects K1 and K2 algorithm operation is known as the Algorithm Update parameter.  By default this parameter is set to 0.2, however, it should be set in the range of 0.1 to 0.4 for processes that change quickly or frequently.  For processes that change slowly or infrequently, a good range is 0.7 to 0.9.

To summarize, a K1 or K2 algorithm will only compute new predicated spill values once the Minimum Open Time passes and the flow rate exceeds the Minimum PAC Flow Rate Threshold.  The K1 and K2 algorithm’s parameters will only be updated at the end of a feed if the Average Flow Rate and Average Spill falls within a 50% window of the bounds defined by the average flow rate and average spill low and high limits.

Starting a Feed

When a command is issued to start a material feed (more on this later), there are several tests that are first performed.  These include making sure that the last feed has completed, that the scale is neither over-capacity or under zero, that the amount of material to be added won’t cause an over-capacity condition, or that the amount of material to be added is not too small.  The smallest amount of material that can be added is defined by the user parameter Minimum Material Addition.

Limiting the Length of Time of a Material Feed

Once a material feed starts, there must be some mechanism in place to stop the feed if something goes wrong (e.g. the material supply runs out).  The Q.i employs a timer called a Slow Step Timer.  When a material feed starts, the Target Weight is divided by the Average Flow Rate to get an approximate feed time called the Slow Step Time.  The user can enter a Minimum Slow Step Time that is used in place of the calculated Slow Step Time if the calculated Slow Step Time is less than the Minimum Slow Step Time.  If the Average Flow Rate is zero, which is normally the case for the first material feed, then the calculated Slow Step Time is set to 3600 seconds for Gain-In-Weight and Loss-In-Weight feeds.  If the Target Weight divided by the Average Flow Rate exceeds 65536, then the calculated Slow Step Timer is also set to 3600.  It is always set to 60 seconds for Hand Add feeds.  The Slow Step Time can be lengthened by entering a value greater than 1.0 for the Slow Step Timer Factor.  In other words, the actual Slow Step Time is equal to the calculated Slow Step Time (Target Weight / Average Flow Rate, unless replaced by the Minimum Slow Step Time) times the Slow Step Timer Factor.  Typical values for the Slow Step Timer Factor are 1.5 to 2.0.

If during a material feed, the Slow Step Timer times out, then the material feed will stop unless the user has selected the option Alarm Only On Slow Step Timer Time-Out.  It is then up to the controlling device (PLC) to decide how to proceed.  In either case, there will be an error generated indicating that the Slow Step Timer has expired. No bit is set. The PLC must create the alarm when it sees that the Slow Step Timer value has reached zero
Completing a Feed for Gain-In-Weight or Loss-In-Weight Feed

When the amount of material being fed equals the desired target minus the spill (for a gain-in-weight feed) or equals the desired target plus the spill (for a loss-in-weight feed), then the feed output (referred to as the FCE or Final Control Element) is turned off.

At this point, time must be allowed for the material to drain (from the feed path) before performing a tolerance check.  This Drain Time value (in seconds) is entered by the user for each material-path (more on this later) used and must be long enough to allow for the full spill weight.  In the case of a dump-to-empty feed, the drain timer is started once the scale weight is less than or equal to the Dump Trip Point (another user-entered parameter) and the flow rate is less than or equal to the Zero Flow Rate Threshold.  If this is a Loss-In-Weight feed, the user can choose the Skip Drain Timer At Zero Flow option.  As the name implies, the drain timer won’t be used once a zero flow rate is detected.  This can reduce a material feed cycle time.  The Zero Flow Rate Threshold, set by the user, is the point at which the system considers a material is no longer flowing.

Once the drain timer expires, the measuring device (scale or flow meter) is tested to see if it is still in-motion.  This in-motion value is calculated from the Zero Flow Rate Threshold.  If the device is still in-motion then another timer called the Stable Measuring Device Wait Time is started.  This parameter, entered in seconds by the user, continues to time while the measuring device is in-motion.  If it times out while the measuring device is in-motion, then the feed is considered completed, but an error will be generated indicating that the feed was completed while waiting for stability, unless the flow rate exceeds the (user-entered parameter) Unstable Flow Rate Threshold.  In this case the feed is flagged as failed because the measuring device was very unstable.  If the measuring device becomes stable (no longer in-motion) at any time before the stable measuring device wait time times out, then the feed is considered completed without error.

In revisions 0.5, A.0, and Q.i Lite; the flow rate and predicted spill are compared against their absolute low and high limits during every predicted spill update.  This occurs every second.  If the flow rate and newly predicted spill fall within their absolute limits, then a counter called the look-back-time is incremented.  If either the flow rate or the newly predicted spill falls outside their absolute limits, then the look-back-time is reset to zero.  At the end of the material transfer, the look-back-time value must be greater than or equal to five seconds to be considered a good feed.  If the look-back-time is less than five seconds, then no algorithm update will occur, and the next feed will be a spill only feed.  The look-back-time is always set to five for spill only feeds.  The look-back-time check can be disabled for very short feeds by checking the Short Feed Enable box on the PAC web page.

The last operation in completing a feed is tolerance checking.  The actual amount of material fed (including the spill weight) is compared against the target weight.  If the amount of material delivered is greater than the target weight plus the positive tolerance or is less than the target weight minus the negative tolerance, then an out-of-tolerance feed has occurred.  The difference between the actual amount of material delivered and the target weight is referred as the spill deviation from target.

Completing a Hand Add Feed

A Hand Add feed is unique in that it requires a signal (command) from the operator that the additive has been added.  Once this signal is received a tolerance check is performed.  If the amount of material delivered is greater than the target weight plus the positive tolerance or is less than the target weight minus the negative tolerance, then an out-of-tolerance feed has occurred. For Scale A the digital input for HandAdd Ack is input 1. For Scale B its 2 etc.
Channels and Material-Paths

A channel is simply a measuring device port.  A channel is either a scale or a flow meter.  Every channel has both an input and an output.  There can be up to four internal scales in a Q.i Terminal:


Scale ID

Load Cell Input
Card Number
Discrete Output
Discrete Input*

A

Channel 1
1

OUT1

IN1


B

Channel 2
1

OUT2

IN2


C

Channel 1
2

OUT3

IN3


D

Channel 2
2

OUT4

IN4

* - Used to signal that a Hand Add has been added to the scale.

There can be up to 3 flow meter PCBs in a Q.i Terminal and each Flow Meter PCB has four inputs and four outputs per channel:


Flow Meter ID
Input
Card Number
Output

K

Ch1
1

1


L

Ch2
1

2


M

Ch3
1

3


N

Ch4
1

4


O

Ch1
2

1


P

Ch2
2

2


Q

Ch3
2

3


R

Ch4
2

4


S

Ch1
3

1


T

Ch2
3

2


U

Ch3
3

3


V

Ch4
3

4

The outputs are used to indirectly control the feeding device (feeder or valve) through other external logic.

A cluster of 20 Q.i Terminals can support up to 200 channels for a ControlNet Interface or 168 channels for a PROFIBUS interface.

A licensed channel is a channel that can support Spill Only, Dump-To-Empty, K1, or K2 Algorithms.  An unlicensed channel can only support Spill Only or Dump-To-Empty.

A Material-Path is the specific path that a material follows during feeding that contains both a measuring device and a feed control device.  A measuring device is either a scale (load cell and scale PCB) or a flow meter (flow transmitter and flow meter PCB).  A feed control device can be a feeder, valve, or even the person that is manually adding a Hand Add.

The Q.i Terminal comes standard with 50 Material-Paths licensed.  Two other license upgrades are possible: 500 or 1000 Material-Paths.

Over-Lapping Feeds

The Q.i Terminal permits feeding multiple materials concurrently into a scale hopper (called the destination vessel).  This type of operation is referred to as an overlap feed.  An overlap feed is comprised of one or more secondary feeds and a primary feed.  A secondary feed is controlled by another measuring device such as a flow meter or a scale performing a Loss-In-Weight feed into the destination vessel.  A primary feed is a Gain-In-Weight feed into the destination vessel that measures this feed directly.  The Q.i Terminal subtracts the sum of all the secondary feed weights delivered from the total weight in the destination vessel to get the amount of primary feed weight delivered so that the primary feed can be controlled.

The primary and secondary feeds are combined to form a feed group.  Each feed group must have a unique number assigned to it.  When a start material transfer command is issued for a primary feed, it must contain the feed group number and the number of secondary feeds in the feed group.  When a start material transfer command is issued for a secondary feed, it too must contain the same feed group number (as the primary feed), but the number of secondary feeds must be set to zero.  No feeds will start until all of the start material transfer commands for all of the feeds in the feed group are received.

One of the requirements of an overlapping feed is that the primary feed must have some time to feed by itself at the end of a batch so that the K1 or K2 algorithm can accurately calculate its predicted spill.  This amount of time is entered as seconds into the Overlap Feed Alone Time parameter for the primary feed.

Scale feeds will automatically set the feed alone time to 6 seconds if the entered value is smaller.  Entering time in seconds into the Overlap Feed Alone Tolerance parameter allows additional time for the secondary feeds to complete so that the primary feed has sufficient time to feed alone.  The tolerance amount is added to the calculated primary feed delay start time.  This can be used to compensate for variations in the feed times of the secondary feeds.

The primary feed may not start when all of the secondary feeds start.  A delay is required if the primary feed time (its estimated time to complete) is shorter than the longest secondary feed time so that it has time to feed alone.
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It is important to calibrate the primary and secondary feeds separately before running an overlap feed so that Average Flow Rates, Average Spills, and feed times can be measured.  Once this is done, the Average Flow Rate High Limit, Average Flow Rate Low Limit, Average Spill High Limit, Average Spill Low Limit, Average Spill, Average Flow, Overlap Feed Alone Time, and other parameters can be set correctly so that the overlap feed will work within valid limits.

Validate Aggregate Feeds

In this feed arrangement, only secondary feeds feed into the destination vessel.  There is no primary feed.

Like overlapping feeds all of the secondary feeds must belong to a specific feed group and the same group number must be used for all secondary feed start material transfer commands.  .  A “Validate Aggregate Secondary Feeds” command must be sent to the destination vessel channel and this command must contain the number of secondary feeds in the feed group along with the feed group number.  It also contains the tolerance values used in testing the aggregate weight in the scale (destination vessel) once all of the feeds complete.  No feed will start until all of the start material transfer commands for all of the secondary feeds are received and the “Validate Aggregate Secondary Feeds” command is received.  When all of the feeds complete, then the aggregate weight of material in the scale is crosschecked against the sum of all of the secondary feed weights.
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