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‘Continuous’ Considerations: Integrating Tablet Presses into a
Continuous Manufacturing System Requires Control System
Enhancements
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The rise of continuous manufacturing in some industries heralded a

paradigm shift for pharmaceutical production. However, batch o &

production remains the standard for much of the industry. L~

In continuous manufacturing, drug components move fluidly through one
facility, with material for each step fed through a line of integrated
machinery. In batch processing, the same components are combined, but

one step at a time—and sometimes in diff erent facilities.

The advantages of continuous manufacturing can be considerable - from reduced APl consumption during product
development, to the extensive use of PAT tools to support immediate release, a reduced GMP space requirement, and
increased safety in the manufacture of highly potent products. Still, equipment capital costs and formidable validation

challenges have dampened the widespread adoption of continuous technology in drug manufacturing.

However, tableting may be the most comparatively hasslefree aspect of continuous manufacturing. This is because the tablet
press - a key component in both batch and continuous manufacturing - is continuous by nature. The press runs as long as the
material level sensor detects product. For most advanced tablet presses, a highly efficient dust extraction system, when paired
with an equally effective punch lubrication system, will ensure a clean compression zone and the ability of the tablet press to
run continuously for many hours - or even days - with minimal intervention. For large campaign batch production, it is not

uncommon for a high-speed tablet press to run for multiple weeks with just minor cleaning between successive batches.

However, optimizing continuous manufacturing line performance for tablets requires several key changes that differentiate it

from batch processing:

Pressing Matters

For starters, most continuous applications (5-20 kg/hour) do not require a large tablet press. But tablet size and the line
production rate can require significant flexibility in a single machine. Per the example below, a single press - with turret
configurations of 16-station (TSM B, max tablet diameter of 16 mm) and 37-station (TSM BBS, max tablet diameter of 11 mm) -
can accommodate a 5-20 kg line producing between 16,667 tablets per hour (300 mg each) and 200,000 tablets per hour (100
mg each), all within a comfortable machine operating speed. Given the capital investment in the line, and the degree of
automation integration between the press and the central supervisory system, choosing a single press with a wide range of

turret options is key.

Integration b
Line Rate kg/hour 5 10 15 20

Every continuous production application requires — o _— SN | [P (p—
integrating the continuous feeding and blending

. . . . Tablet Weight mg 300 300 300 300
system with the tablet press inlet hopper. This requires
a high degree of flexibility in the mechanical design of Tallat CNtpnik SO i6ez| | 3aaa3 [ | [ienises
the press hopper, which must mate cleanly to the Turret Size turret stations | 16 16 16 16

overhead feeding system. For high-potency

RMP 17 ELY 52 69

applications, the press must be configured with the

. . . . Maximum Rated Speed RMP 120 120 120 120
mechanical interface to the containment valve, which

will feed material to the press in a contained manner.

To accommodate the in-process measurement of

content uniformity, the tablet press in a continuous

line must support the placement of one or more NIR probes in the feeding pipe and, often, in the feeder itself. In most cases,
the NIR probe is mounted through an existing sight glass in the feeder, with the feeder paddles modified to ensure the probe

is accessing the material bed.

With precise loss in weight feeders and continuous

Table 2
blenders, it s important to preserve homogeneiyor T LA
. . Line Rate kg/hour 5 10 15 20
the granulation as it moves through the tablet press

Line Rate g/hour 5,000 10

feed pipe and feed frame. Some advanced tablet

presses are configured with damping systems that Tablet Weight mg 100 100 100 100
eliminate vibration transmitted to the feeding system - tabs/hour 50,00¢ 100,000
an occurrence that can cause particle size segregation
Turret Size turret stations | 37 7 7 7
in the feeding system.
RMP 23 45 68 90
Sensing Needs Maximum Rated Speed RMP 120 120 120 120

Continuous manufacturing requires matching the rate
of tablet production to the feed rate - a requirement

that does not exist in batch production. In general, the
system needs an analog level sensor to precisely measure the column height of the material in the feeding system. The press

then controls the speed - in a closed loop fashion - to maintain material levels.

A constant level means tablets are being produced at exactly the same rate as the material is being fed to the tablet press. In

batch production, a binary level sensor confirms the presence of material absent a control loop associated with press speed.

A key feature common to both continuous and batch production is the automatic tablet weight control algorithm, commonly
referred to as a press control system. Even with the lower outputs associated with continuous production, technology to
measure individual tablet weights as fast as tablets can be produced does not exist. In lieu of this, the tablet press monitors a
secondary parameter - the compression force of each tablet - to confirm tablet weight. This force control system works as

follows:

N

. Tablets are produced by filling each die to a certain height, as the dies pass under the feeder. The material in the die is
then compressed between the upper and lower punch at the compression rollers, each to a uniform thickness.

. When the material is compressed between the punches, a compression force is generated and measured at the
compression rollers. This permits the measurement of the force associated with every tablet produced. When the target
weight (die fill) and thickness are achieved, the press force associated with this tablet is then established as the process
setpoint.

. If all tablets are produced with the same amount of material in the die - and then compressed to the same thickness -

the measured press force for each tablet should be the same.

Since the distance between the compression rollers - which determines the tablet thickness (space between the upper

and lower punch tips) is fixed - it is only the amount of material in the die that can cause the compression force to vary,

since the amount of material in the die determines tablet weight.

. With this relationship between press force and tablet weight established, and with the ability to measure each and every
press force as tablets are produced, the control system can measure the press forces in real time, calculate a moving
average, and make precise adjustments to the dosing cam (which controls the fill in the dies) to maintain the target tablet
weight.
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The relationship between press force and tablet weight also can be used to develop stop limits, ensuring the press will stop
before any bad tablets are produced. Most modern tablet presses offer a tablet rejection system which, on the basis of press
force, can reject out-of-spec tablets as they are produced. The most advanced systems can reject a single tablet, at any press
speed, and create a corresponding record to track the date, time, and punch station that created the reject. Additional limits
permit the press to stop based on excessive rejections, a high frequency of rejects over a short time, or a preset number of
rejects from the same punch station. In this way, the force control system constitutes a highly effective process analytical

technology that monitors quality in real time and can reject and report - also in real time.

Cleanliness is Key

A truly continuous production demands a well-designed and highly effective dust collection system, one that pulls dust from
key areas around the turret to keep compression zones clean and production yields high. Some advanced presses offer a
motorized damper tied to a negative pressure sensor; this permits closed-loop control of the optimal dust extraction pressure.
Similarly, a robust, automatic punch lubrication system is a prerequisite for continuous manufacturing. Over long-term
operation, the punches must be lubricated - however, if excessive lubrication accumulates, the potential for tablet
contamination is high. Some advanced tablet presses offer multi-zone lubrication systems, which allows control of lubrication
frequency and volume independently to the upper punch heads, upper punch barrels, lower punch heads and lower punch
barrels. This flexibility allows the punch lubrication system to be optimized based on press speed, tool configuration (round or

shaped), and compression force. Control Configuration

For tablet presses, perhaps the most significant difference between conventional batch mode and continuous process mode is
control system configuration. In batch mode, the most advanced tablet presses are generally integrated to a central network
for centralized batch data storage. Most modern machines have control systems that govern the operation of both the tablet
press and its peripherals, including dedusting, metal check and, in some cases, an integrated tablet tester that measures tablet

weight, thickness, and hardness in real time, with closed-loop control to the press force control system.

In a continuous production application, a fully integrated supervisory control and data acquisition (SCADA) system manages
the complete line. All press parameters are visible to the SCADA system, and it controls the tablet press based on the PAT
technology installed on the line. For example, the SCADA system may direct all tablets to the reject channel of the discharge
chute based on the NIR measurements in the feed pipe or feed frame. The SCADA system also can stop the press if there is an

issue with upstream or downstream process equipment.

The complete product recipe is downloaded from the SCADA system to the tablet press, ensuring the entire line is harmonized
regarding starting process parameters and quality metrics. The SCADA system will monitor every fault, every adjustment, and
every tablet reject, and if required, will override the tablet press control system to make inprocess adjustments. This advanced
integration with the SCADA system for continuous manufacturing demands a highly flexible tablet press control system and a
hardware/software architecture that can be integrated without major customization. The fundamental controls of the tablet
press remain intact, but the press is now operating as part of a fully integrated system - and the control system must support

this mode of operation.

Conclusion

The tablet press is inherently capable of continuous processing, but integrating one into a continuous operation requires a
range of important design considerations. Typically, these design features entail both mechanical and control system
enhancements to permit seamless integration and full supervisory control. Ideal tablet compression technology offers a
modular design that allows the same machine to be converted from batch to continuous mode - an important consideration

for companies evaluating a move toward a continuous production strategy.
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