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Understanding Gravimetric
BlenderAccuracy & Payback
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FIG. 1: Batch gravimetric blenders (left photo and schematic) dispense all ingredients into a mixing chamber through a common weigh
hopper. The controller adjusts the metering of ingredients according to the gain in batch weight. Continuous gravimetric blenders
(right photo and schematic) measure loss in weight of each ingredient hopper with its own load cell.
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By Dana Darley, Process Control Corp.

Gravimetric blenders for extrusion and molding are sold based on automation, inventory manage-
ment, and improved blend accuracy.

However, accuracy is one of the least understood aspects of the \
blending system. This article will discuss the differences between At 500 kg/hr...
batch and continuous blenders, how blend accuracy is calculated

Blend Percentages
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A 5-kg blender running at a rate of 100 batches/hr

and controlled, which blender type is more accurate, how much
accuracy is really required, and how payback is calculated.

BATCH VS. CONTINUOUS BLENDERS

Figure 1 shows the basic mechanical setup of batch and continu-
ous blenders. Batch blenders “think” in terms of weight. All batch
blenders start the weighing process with the total batch size,

multiplied by the percentage required for each ingredient to get a

target weight. Through various dispensing methods, including 3650 750 500 100

grams grams grams

feeders, slide gates and plungers, the blender control will try to
dispense as close to the target weight for each ingredient as pos-

sible. After each ingredient is weighed, the batch is dropped into Target Weight for Each Ingredient

the mixing system and on to the process. Assuming the mixing } ] ]
FIG. 2: Batch blenders “think” in terms of weight when me-
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the case), the accuracy of the dispensing system will reach the Ktermg percentages of each batc /

system thoroughly homogenizes the batch (which is not always

process (Fig. 2).
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TABLE 1: Gravimetric Batch Blender Accuracy Calculation

Ingredient Target Weight Tolerance Weight Acceptable Weight % Error from Setpoint
B. 15% 750 g 0.05%, +2.5 g 7475 -7525¢g +0.33 %

C. 10% 500 g 0.05%, +2.5 g 4975 - 502.5 g +0.50 %
D. 2% 100 g 0.02%, 1.0 g 99.0-1010g +1.00 %
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Blend Percentages
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FIG. 3: Continuous blenders think in terms of rate and meter
ingredients as percentages of the total throughput rate.
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Continuous blenders, on the other hand, think in terms of rate.

A continuous blender is comprised of a group of loss-in-weight
feeders, each running at a prescribed rate. In the correct ratios, the
ingredients simultaneously feed into a cascade mixing system.

If the blender is mounted directly on the extruder, a second
weighing system is often used to measure the total rate of the
process so that the output of the feeders is matched to the process
rate.

If the blender is mounted off-line, then the system will run in
on/off mode at a fixed total rate. From the total system rate and
the percentage required, the target rate for each ingredient is cal-
culated and set for each feeder. Considering the cascade mixing in
the continuous blender, the percentages coming out of the feeders
are preserved and fed to the process (Fig. 3).

CONTROLLING BLEND ACCURACY

State-of-the-art batch blenders operate with a target tolerance
percent per ingredient, which defaults to 0.05% and is adjustable
by the user down to 0.02%. This percentage is of the total batch
weight and is applied to the target weight of each ingredient in

terms of a plus-or-minus dispensing-weight tolerance. Using the
three minor ingredients in the example in Figs. 2 and 3, the
weight target for each would be as shown in Table 1.

Ask whether your blender supplier has a control method that
uses a multi-shot dispensing logic to ensure that each material is
dispensed within the prescribed range for every batch. Some
systems use a single-shot approach and mix several batches to try
to average out errors in this simpler batching process.

At the rate ranges given in our example, leading-edge continu-
ous blenders are able to control the feed rate of each ingredient to
within £0.5% of the target rate, or better. Using the three minor
ingredients in the above example, the rate target for each would
be as shown in Table 2.

In a continuous blender, with every element hopper on a load
cell, the control system monitors the change of weight in the
hopper as material is metered out. Based on this, a feed rate is
calculated every few seconds and compared with the desired rate.
If the actual rate is outside of the control dead band, the control-
ler will adjust the output of the feeder to match the set rate.

Assuming each blending system is in good working order, the
accuracy of either batch or gravimetric systems can be controlled
precisely for each ingredient through the system setup. This in-
cludes the configuration of the alarm system for blend “out-of-
specification” situations.

The allowable blending error, the duration of the error, and
the subsequent actions can all be set up by the processor to fit the
needs of the end product.

WHICH BLENDER IS MORE ACCURATE?

This is a complicated question. We will have to look at both of the
key elements of the blending process: weighing/proportioning and
mixing. Let’s start with mixing. The mechanical mixing of a well-
designed batch blender works quite well for materials that are of
similar particle shape, size, and density.

For materials that are dissimilar, like powder and light regrind,
mechanical mixing can be very difficult and significant de-mixing
can occur under the agitation of the mixer. For these types of
materials, cascade mixing, which is only possible with a continu-
ous blender, can provide a big advantage.

Batch blenders weigh all the ingredients in a single batch
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TABLE 2: Continuous Gravimetric Blender Accuracy Calculation

Ingredient Target Rate Rate Range Acceptable Rate % Error from Setpoint
B. 15% 75 kg/hr 0.5%, *+ 0.375 kg/hr 74.625 — 75.375 kg/hr + 0.50 %

C. 10% 50 kg/hr 0.5%, + 0.25 kg/hr 24.875 — 25125 kg/hr +0.50 %
D. 2% 10 kg/hr 0.5%, + 0.05 kg/hr 9.95 - 10.05 kg/hr + 0.50 %
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TABLE 3: Blending System Payhack
A. Volumetric Blender Total Investment: $12,000

Material Blend % Material Blend
(100%) Cost/ky Cost/ky
Virgin 72.19% $1.00 $0.72
Additive 15.45% $4.00 $0.21
Additive 10.30% $5.00 $0.52
Color 2.06% $3.50 $0.07

B. Batch Blender Total Investment: $15,000

Material Blend % Material Blend
(100%) Cost/ky Cost/ky

Virgin 72.76% $1.00 $0.73

Additive 15.15% $4.00 $0.61

Additive 10.10% $5.00 $0.51
Color 2.02% $3.50 $0.07
$1.909

Z =100.0
Material savings/yr: $50,976

C. Continuous Blender Total Investment: $40,000
n

Material Blend % Material Blend
(100%) Cost/ky Cost/ky

Virgin 72.86% $1.00 $0.73
Additive 15.08% $4.00 $0.60
Additive 10.05% $5.00 $0.50
Color 2.01% $3.50 $0.07
Z = 100.0 $1.905

Material savings /yr: $64,368

hopper, so the weighing resolution is limited to the total batch
weight. By comparison, a continuous system has a separate
weighing system for each ingredient. In the example shown in
Figs. 2 and 3, the continuous gravimetric system starts to have a
weighing advantage below an ingredient target of 4%.

However, at very low processing rates, the batch blender can
start to have an advantage over the continuous system. At meter-
ing rates below 5 kg/hr, the accuracy of the loss-in-weight feed-
ers in a continuous blender can begin to drop off. At rates down
to 0.25 kg/hr, the metering accuracy error can be up to +2.0%.
For a batch blender, low processing rates do not really matter.
The blender can make one batch per hour or 100, with equal
precision.

WHAT ACCURACY DO YOU NEED?

After conferring with a leading screw-design expert, Dr. Chris
Rauwendaul of Rauwendaul Extrusion Engineering, it became
apparent that very little machine-direction mixing occurs in a
single-screw extruder or molding machine.

That means that within a period of just a few seconds, what
comes out of the blending system and into the process is more or
less what winds up in the final product. Some critical additives
can simply be overfed to compensate for the normal errors of the
feed system, but at the expense of higher cost.

Other additives must be controlled within a precise range,
with very little allowable error, either over or under, to produce
an on-specification product. For applications like that, it is criti-
cal to be able to control and alarm to a very specific set of param-
eters and even shut the process down if an error in blending is
detected.

HOW IS BLENDER PAYBACK DETERMINED?

In most cases, critical additives are overfed to allow for normal
fluctuations in blender accuracy. The more accurate the blending
system, the smaller these fluctuations will be, and the closer to
the minimum amounts of critical ingredients the blender can be
set up to run.

Assuming these additives are more expensive than the main
ingredient, the closer to the minimum you can run, the lower the
overall cost of your formulation. This saving constitutes most of
the payback for justifying a more accurate blending system.
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Table 3 shows that both a batch and continuous blender will
typically pay for themselves in well under a year, compared with a
volumetric blending system, based on conservation of expensive
additives. This assumes that the volumetric blender would be set at
3% above the desired minimum for the additives and color, the
batch blender set at 1% above minimum, and the continuous blend-
er set at 0.5% above minimum.

EXTRUDER WON’T MIX PROBLEMS AWAY

Besides accuracy advantages and cost savings over volumetric
systems, both batch and continuous gravimetric blenders also
provide process automation and inventory control features to
further enhance productivity. In the right application, typically
with all pellets and/or heavy regrind, batch blenders can perform
similarly to their continuous counterpart.

For applications with dissimilar materials, like powders and
flakes mixed with pellets, the cascade mixing of the continuous
blender can have a big advantage. The total output level of the
process can also affect accuracy, with a batch blender having an
advantage at very low rates and a continuous system having ad-
vantages at higher rates.

The extruder cannot be expected to mix away errors in the
blending system, and ingredient percentages need to be accurate
within a time frame of one to two revolutions of the screw. @
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