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INTRODUCTION RISK MAPPING, ASSESSMEN'T, AND PLANNING RESULTS AND DISCUSSION
= The paradigm shift in pharmaceutical industry to continuous * The risk management is performed through the risk mapping analysis " Process variance not only affects the product quality, but also has an
manufacturing has staged from conceptual demonstration to pilot based on scores of severity and probability. adverse effect on the process control. When the process operates at
production, which prompts the strong demands for process systems _ _ - high frequency, the control system may be uncontrollable or less
engineering (PSE) tools for process development. - A}::ceptlz{lble risks d;le to c}:)mmon Sl SEs c;r faults are 1derit1f1e((11 from resilient, e.g., as shown by the decreasing Morari’s resilience index
_ _ _ . the risk mapping, from the perspective of process control, and are - - -
= A systematic framework for process control design and risk analysis in > apPIE, PEISP b ‘ (MRI) and the change of control pairing by relative gain array (GRA)
_ _ _ e classified as RO, R1, and R2 risk levels. with the increase of varying frequency.
continuous solid-dosage manufacturing was developed, consisting of '
system identification, control design and analysis metrics, risk = The fault-tolerant control strategies at the hierarchical layers are s FetertiAP
mapping, assessment and planning (Risk MAP) strategies. evaluated to give corresponding controllability scores for each risk o4l —w- [ T .
- , B . scenario. S0
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SYSTEMATIC FRAMEWORK FOR CONTROL e
= The control framework was integrated with other ongoing research aims in our Layer 2 = For arisk scenario of R2 level, e.g., the PAT sensor drift in the API
group, which provide supporting knowledge and tools and make ready the composition measurement by Near Infrared spectroscopy (simulated),
integration of software and hardware for control strategy implementation. 2, the control strategy developed at the Layer 1 can not maintain the API
p .. . . . ]
C1 System Identification : . composition at the set point. While the Layer 2 control with advanced
I Layer 1 R1 Medium D2R, 12 \\k estimator-based model predictive control can detect the measurement
o €2 Control Design & Analysis A oross error and maintain the API composition at the set point until the
! — op drift was corrected.
D2 Product Design »  C3 Hierarchical Three-layer Control S1 Model Library < D2R, 05 i3 0.08
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[ naw material spectiication C5 Performance Evaluation " Simulation platform Hierarchical control architecture Risk levels & fault modes Evaluation & regulatory filling & 012 g M 3
= Product specification Critical quality attributes S 01 = 105} & po4l
= PAT sensors = Critical process parameters § 0.08 % ol E
. Procgss pargmeters No . Optfmization tools £ S 0.03r
e sesgrer o ety ot APPLICATION: A FEEDING & BLENDING SYSTEM % ooe
= Economic data base Accepted = Costs and revenues 0.047 or
* Control knowledge * Control expertise ] X ] . 0.02} La er 1 ContrOI 85| 0.01
* Process lexibility PA Control Platform, Sensors & Actuators * Control variables The framework was applied to a feeding & blending system in Purdue iia ) SR SN — S
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® Roguintors qudance ; ra Mandact ring Proces: L pensor SamPIng times University, in which a flowsheet model for the feeding & blending system e e rime®
P3 Performance Verification was also developed, together with the hierarchical three-layer control \proeme || 23| L ool
Low Operability & High Cost /\ Large Model-plant Mismatches deSIgn. COmmOn FISkS due tO feeder reloadlng, Sensor fOUllng and _ Z:jj: | [ L Precicled _ 111;: 0.06 |
\,@epted calibration errors, parametric uncertainties were identified in risk MAP. g 012 R g M
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* The hierarchical three-layer control attributed the programmable logic control it OPEration CEEBCIA IR ONHOLTaYEr ONHOTErYPe 004l Drift _ ol | o0
(PLC) by the equipment vendor as the Layer 0 control, and the supervisory control API feeder API flowrate Screw rotation speed LO PID °2 |aver2 control | °°| o0ty
and data achiSition (SCADA) as the Layer 1 control. The Layer 2 of manufactur‘ing Exp. feeder Exp. flowrate Screw rotation speed LO PID % 100 2_(")_9 (3('))0 400 500 86 100 2_("3_9 (3(')30 400 500 % 100 2_(")_9 (3('))0 400 500
execution system (MES) consisted of advanced model-based control technologies. API composition API flowrate 11/2 PID, Ratio, MPC
_ Powder flowrate Excipient flowrate L1/2 PID, MPC CONCLUSION AND FUTURE WORK
Layer 2 MES = Production control Blender
Manufacturing = Optimization APl mixing RSD Rotation speed L1/2 PID, MPC
= Plant schedulin 1 - 1 1 1
BTl e e Rotation speed Motor current 0 - = Based on the risk MAP design, potentlgl risks under which the. control
performance deteriorates were taken into account for evaluating the three-
= Cascaded multiple SISO loops with PID } i . .
Layer 1 SCADA controller | layer control design. These have demonstrated the importance of a
. = Tools for pairings, tuning, etc. . . . . .
Supervisory ang * Single/multiple unit operations systematic control evaluation system to the quality assurance in continuous
data acquisition = Control CQAs with PAT tools ]
manufacturing processes.
Layer 0 PLC . 5150 & PID * The future work would consider the downward integration of PAT tools
Ero,gragng"e ; Sngleunt with the LO control panel in the field with an attempt to ensure consistent
gic ¢ . . . . .. . .
I quality attributes at each unit operation step and minimum intervention
. propagating from upstream to downstream.
Process equipment . ® V%VQDV ] :
Continuous direct .. ANAZANA
compaction Feeder Blender Hopper

Tablet Two Schenck AccuRate PureFeed AP-300 feeders Gericke GCM-500 continuous blender
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