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In the high-precision world of industrial food manufacturing, the transition from bulk dough to discrete, uniform units
is perhaps the most critical phase of the production line. This process, known as biscuit dough piece forming,
dictates not only the final aesthetic and weight of the product but also its structural integrity, bake profile, and shelf-
life stability. As detailed in the seminal works of Duncan Manley and the Woodhead Publishing Series in Food
Science, Technology and Nutrition, the engineering behind piece forming involves a complex interplay of rheology,
mechanical pressure, and thermal dynamics.

The Theoretical Framework of Dough Rheology in Forming

Before examining the machinery, one must understand the substrate. Biscuit dough is a non-Newtonian,

viscoelastic material. Its behavior under stress—whether being compressed between rollers or forced through an
extrusion die—is governed by its composition. For instance, cracker doughs typically contain 20-30% water and a
relatively low fat content of 10-20%. This high hydration level results in significant gluten development, requiring a
forming process that respects the dough’s inherent elasticity.

In contrast, short doughs (used for digestive biscuits or shortbread) have high fat and sugar levels but low water
content. This inhibits gluten formation, creating a friable, plastic material that is ideal for rotary moulding.
Understanding these rheological differences is the first step in selecting the appropriate forming technology.

The Sheeting and Gauging Process: Mechanics and Precision

Sheeting is the primary method for forming hard biscuits and crackers. The objective is to reduce a bulk mass of
dough into a continuous sheet of precise, uniform thickness. This is rarely achieved in a single pass; rather, it
involves a series of gauging rolls.

The Physics of Roll Compression

As dough passes between two rollers, it undergoes significant compressive stress. The "neutral point" or "nip" is
where the dough speed matches the roll surface speed. Engineering calculations for roll pressure must account for:

* Roll Diameter: Larger diameters provide a shallower angle of entry, reducing the risk of dough tearing.

* Roll Gap (Aperture): The distance between rolls, which must be adjusted to account for "spring back™ or
elastic recovery.

¢ Speed Differentials: Sometimes rolls are run at slightly different speeds to polish the dough surface or
influence the direction of gluten strands.

Dough Relaxation and Stress Relief

Because sheeted dough (especially cracker dough) is elastic, it tends to shrink after being stretched. If a biscuit is
cut from a stressed sheet, it will become oval or distorted during baking. To prevent this, industrial lines incorporate
relaxation conveyors. These web systems run at slightly slower speeds than the preceding rollers, allowing the
dough sheet to "relax" and retract before reaching the cutting station. This ensures dimensional stabilityin the
final product.



Rotary Moulding: The Art of Short Dough Precision

For doughs that lack elasticity, rotary moulding is the gold standard. This process bypasses sheeting and cutting
entirely, forming the piece directly from a hopper of crumbly dough.

Components of a Rotary Moulder

1. Forcing Roller: Pulls the dough from the hopper and forces it into the cavities of the mould roller.

2. Mould Roller: An engraved cylinder (usually brass or coated with non-stick material) containing the negative
image of the biscuit.

3. Scraper Blade (Knife): A critical component that shears off excess dough from the surface of the mould roller,
ensuring each piece is flush with the cavity.

4. Extraction Roller: A rubber-coated roller that presses a discharge web (pelt) against the dough pieces in the
cavities. The adhesion between the dough and the web must exceed the adhesion between the dough and the
mould for successful extraction.

Critical Variables in Rotary Moulding

The success of rotary moulding depends on the extraction tension and the knife angle. If the knife is too blunt or
set at an incorrect angle, it can cause "smearing" of the fat in the dough, leading to a greasy surface and poor
definition of the embossed design.

Wire-Cutting and Extrusion Forming

When dealing with soft, high-fat, or high-inclusion doughs (like chocolate chip cookies), sheeting or moulding may
be impossible. In these cases, wire-cutting is employed.

In a wire-cut machine, dough is extruded through a row of dies. A fine wire or blade oscillates across the die face,
slicing the extruded dough into individual pieces which then drop onto the oven band. The engineering challenge
here is ensuring weight consistencyacross the width of the machine. This is managed by adjusting individual
pump speeds or die apertures to compensate for pressure drops in the manifold.

Technical Comparison of Forming Methods

The following table provides a comparative analysis of the three primary forming technologies used in modern
biscuit manufacturing.



Feature Sheeting &amp; Cutting Rotary Moulding Wire-Cutting

Dough Type Hard/Elastic (Crackers, Short/Plastic (Shortbread, Soft/Fluid (Cookies,
Marie) Digestive) Deposited)

Fat Content Low to Medium Medium to High Very High

Shape Definition High (Detailed embossing) Excellent (3D designs) Moderate (Natural look)

Scrap Generation High (Requires recycling) Zero Zero

Production Speed Very High High Medium

Lamination: The Engineering of Cracker Texture

For crackers, simply sheeting the dough is insufficient. To achieve the characteristic flaky texture, the dough must
be laminated. This involves folding a thin sheet of dough onto itself multiple times to create a structure of many
layers separated by thin films of fat or flour dust.

Modern laminators use either cut-sheet or continuous lappingtechniques. The number of layers (typically 4 to 8)
determines the "lift" of the cracker in the oven. Mathematically, the reduction ratio at each subsequent gauging
station must be carefully calculated to prevent crushing the delicate layers while still reaching the final target
thickness.

The Formula for Reduction Ratio

The reduction ratio (R) is defined as:
R=(T1-T2)/T1

Where T1 is the entry thickness and T2is the exit thickness. In professional settings, a reduction ratio of 2:1 or 3:1
per station is standard. Exceeding a 50% reduction in a single pass can cause structural damage to the dough's
protein matrix.

Troubleshooting and Quality Control in Piece Forming

Operational challenges in piece forming often manifest as post-bake defects. A Senior Technical Writer and
Engineer must be able to diagnose these issues through the lens of the forming process.

Common Failure Modes and Solutions

« Weight Variation: Often caused by uneven dough pressure in the hopper or worn rotary moulder knives.
Solution: Implement automated hopper level controls and scheduled knife sharpening.

¢ Misshapen Biscuits (Ovaling): Result of insufficient dough relaxation after sheeting. Solution: Decrease the
speed of the relaxation conveyor or increase the number of gauging passes to reduce stress.

« Tailings or "Fins": Excess dough bits on the edges of wire-cut cookies. Solution: Increase the wire oscillation
speed or adjust the dough temperature to increase viscosity.

e Sticking in Moulds: Caused by incorrect dough temperature or worn non-stick coatings. Solution: Maintain
dough at 18-22°C and inspect mould rollers for surface degradation.

Maintenance and Sanitary Design



As piece forming equipment is in direct contact with the product, Sanitary Design is paramount. Manual 3 of the
Woodhead Series emphasizes the importance of Clean-in-Place (CIP)features. Modern forming machines are
engineered with stainless steel frames, food-grade blue belts (for easier contaminant detection), and tool-less
disassembly for deep cleaning. Lubrication points must be strictly isolated to prevent food contamination, using only
H1 food-grade lubricants.

Advanced Automation and Industry 4.0 Integration

The future of dough piece forming lies in real-time feedback loops. Advanced lines now utilize laser thickness
sensorspost-gauging to automatically adjust the roll gap settings. If a sensor detects a 0.1mm deviation from the
target thickness, the PLC (Programmable Logic Controller) makes a micro-adjustment to the servo-driven rollers
instantly.

Furthermore, vision systemsplaced after the cutter can identify and automatically reject misshapen dough pieces
before they enter the oven, returning them to the scrap-return system and ensuring only perfect product is baked.
This reduces waste and optimizes energy consumption in the kiln.

The Role of Scrap Return Systems

In sheeting and cutting lines, the "web" of dough left after the biscuits are cut is called scrap. This scrap must be
recycled back into the fresh dough stream. However, this poses a technical challenge: the scrap dough has been
worked more than the fresh dough and may have a different temperature or moisture content. Engineering a
constant-ratio scrap returnis vital to ensure the final dough consistency remains uniform, preventing "striations"
or color differences in the final baked biscuit.

The science of biscuit dough piece forming is an intricate balance of mechanical engineering and food chemistry.
By meticulously controlling the rheological state of the dough and the precision of the forming machinery,
manufacturers can ensure product consistency at scales of tens of thousands of units per hour. As technology
progresses, the integration of Al and high-speed sensors will further refine this process, making the "art" of baking
a strictly controlled, high-efficiency engineering discipline. The principles laid out in the technical manuals by
Duncan Manley remain the foundation upon which these modern innovations are built, proving that a deep
understanding of the basics is essential for any technical advancement in the field.
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