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An example of a discrete-gap roller bed grader, with wash
tank/inspection belt, feed conveyor and horizontal roller bed.

Most shrimp processors already understand the many ways in which grading adds value to their

products. Processors who cook shrimp, for example, view grading as a quality control step that helps ensure
consistent cooking. Of course, processors also grade for marketing purposes: packaging shrimp by size range
increases customer convenience and attracts higher prices for the larger product sizes. Proper grading is a crucial
quality control step. In order to reap the maximum benefits of shrimp grading, a processor must choose a method
that combines accuracy and efficiency with gentle product handling. Options include hand grading or several
methods of automated grading.

Hand grading

Hand grading operations are fairly self-explanatory — workers manually sort shrimp by size and place them into
containers for further processing or packaging. This method receives high marks for accuracy and careful

product handling. Slow throughput and poor labor efficiencies, though, can severely limit a plant’s profit potential.
Depending on plant capacity and product, a hand-grading plant must employ 60 to 80 people to grade shrimp to reach
a profitable grading capacity, while automated grading systems can grade thousands of pounds of shrimp per

hour and drastically reduce labor costs. Hand grading is the system of choice where product throughput and

labor costs are low, and labor availability is high. Automated grading is needed for greater processing capacity and
reduced labor costs. Still, processors must closely compare automated grading options for acceptable throughput,
accuracy and product handling.

Automated grading

A wide variety of automated systems have been developed to separate shrimp into different size classes.
These systems include:

o Camera-vision systems, which estimate individual body mass based on a two-dimensional area and calculated
approximation of the third dimension.

» Weighing systems, which individually weigh each shrimp.

o Gap-drop systems, which separate shrimp according to body width. Gap-drop systems are currently
the industry standard, due to high capacity and proven performance.

Concerns

One of the most persistent obstacles to accuracy in automated grading systems is the tendency for clumping of
shrimp on the grading device. In gap-drop systems, if the shrimp are not evenly distributed, smaller shrimp have a
tendency to cling to larger ones. This allows them to “ride” the larger shrimp to larger grading gaps at the end of the
grader, thereby compromising the accuracy of the grades. This effect, termed “piggybacking,” is

particularly pronounced when the grading system is running at a high throughput rate. It can be managed by
preventing overcrowding of shrimp on the feed conveyor belt. Another concern is that the shrimp be handled gently to
prevent bruising and product damage.

Design variations in gap-drop systems

All gap-drop graders rely on the same basic process steps:

1. Shrimp are deposited on a bed of upwardly rotating rollers that position each shrimp over a gap between the
rollers and align it parallel to the rollers.

2. The gap between rollers is progressively increased such that the smallest shrimp fall through first, followed by
larger sizes, depending on their body width.
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3. Water sprayers are used to lubricate the passage of shrimp over the rollers.

4. Movable baffles can be positioned at the points where shrimp grades change to allow fine-tuning of the
grades.

However, to deal with the various challenges of maximizing throughput, accuracy, gentle handling and
compact dimensions, a number of design variations have emerged.

Slide-down roller bed

Cross-Sectional View

~

Elevation View

With this design, shrimp slide down a roller bed consisting of diverging stainless steel bars until the gap
between the bars allows them to fall through.

The most common design conveys shrimp to a height of about 3 meters and deposits them on a stainless steel roller
bed with a 15-degree slope. The adjustable gaps between the rollers increase as the shrimp slide downward, so small
shrimp fall through the gaps first followed by larger shrimp. The rotating bars, which rotate at a very high speed, are

generally designed with two flat sides to continually bounce shrimp apart from each other to facilitate even
distribution and proper alignment.
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With these systemes, it is important to inspect the rollers routinely. Their flat edges (or “cams”) wear down, which
changes the size of the grading gaps and can result in inaccurate grades. Also, the rollers must maintain an exact
velocity for the cams to keep the shrimp bouncing until they reach their appropriate grading gap.

Discrete-gap roller bed

Arecent innovation of the gap-drop grader design requires a conveyor height of only 1.8 meters. Shrimp are deposited
on a horizontal bed of traveling rubber rollers. The smooth-surfaced, upwardly rotating rollers align and position the
shrimp.

As theroller bed travels across the frame of the conveyor, the roller gaps progressively increase to discrete

adjustable widths. The adjustable gaps provide versatility in grading. For example, processors can sort
multiple sequential grades of shrimp without adding more machines to the line.
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With this design, shrimp are conveyed between rubber rollers whose gap progressively increases in
discrete steps until the gap is large enough for shrimp to pass through the rollers.

The system avoids the need for bouncing shrimp using flat edges on rollers. This is accomplished by spreading the
product in a single layer on the roller bed using a faster speed for the feed conveyor than the wash
tank/inspection belt. Consequently, the discrete-gap roller bed system provides gentler handling of the product.

Conclusion

Size grading of shrimp is a critical processing step that adds value and increases profits. Automated grading
systems are gaining popularity as the demands for throughput and efficiency increase with growth and
consolidation of the industry.

Most shrimp graders rely on the gap-drop process for size separation. This article describes two types of gap-drop

systems: the slide-down roller bed design and the discrete-gap roller bed design. Each grader design differs in capacity,

accuracy, versatility and product handling characteristics.

Measuring accuracy

Processors who use automated grading systems
must monitor grading accuracy by checking
the uniformity ratio of their graded product.

Throughout a processing day, samples of 1 Ib or 1 kg
are taken from the grade collection points. Monitors
select 5 or 10 of the smallest and 5 or 10 of the

largest graded shrimp from the samples. The monitors
weigh the samples separately, and derive the
uniformity ratio by dividing the weight of the largest
shrimp by the weight of the smallest.

Theratio will always be greater than 1, but the closer
the uniformity ratio gets to 1, the more evenly sized
the shrimp are. Typically, the smaller the shrimp get,
the wider the grading range becomes and the higher
the acceptable uniformity ratio will be.

(Editor’s Note: This article was originally published in
the February 20017 print edition of the Global
Aquaculture Advocate.)
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