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Motivation and Purpose of Study =™

* Increased focus on electrified aircraft propulsion has
encouraged development of various control strategies.

* New strategies developed for hybrid-electric systems manage
electric and turbomachinery components; e.g., Turbine
Electrified Energy Management (TEEM).

* Model predictive control (MPC) presented as alternative to
traditional, decentralized control architectures.

» Study seeks to develop MPC architectures for application to
hybrid-electric systems.
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System Overview
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System Overview (cont.)
Turbine Electrified Energy Management (TEEM)
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Controller Design
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Figure 4: Proposed controller architecture.
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Controller Design (cont.)

Optimal Control Problem:
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CMPC cost function:
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Controller Design (cont.)

X¢s Tracking:
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Case Study - Setup

 Vetted controllers at Ground and Cruise conditions for burst-chop
transient; PLA change of 48°- 80° - 48°.

« MPC motor constraints selected to adhere to dual-spool strategy.

« Compared TEEM and non-TEEM applications of MPC controllers to
Pl.

* Performance evaluated with compressor map data, minimum stall
margin, and the metrics:

PR — PRgs
PRgg

PR — PR
PRSTall - PRSS

dW.

TSU = max

X 100% TEI = J
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Case Study — Ground Scenario
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Figure 5: LPC and HPC compressor map data across controllers

at Ground condition.
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Case Study — Cruise Scenario
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Figure 6: LPC and HPC compressor map data across controllers
at Cruise condition.
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Case Study — Motor Results
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Figure 7: Resultant motor torque trajectories across controllers
for Ground (left) and Cruise (right) scenarios.
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Conclusions

» Designed two MPCs incorporating TEEM design strategy.

« TEEM goals included in cost function via:
« Piecewise tracking logic and thresholding.
» Washout filter to restrict motor response.

« MPCs performed comparably to Pl with and without TEEM.

 Data highlighted efficacy of washout filter and importance of holistic
data analysis.

« Future work can take many avenues.
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Case Study — Ground Scenario "

. Alt = 5kft, MN = 0 N Alt = 5kft, MN = 0
30— /,—'—"—"—"—"—" 30_ }/::'—':'—"—
§ 25 - ' § 25 _f
S 201 | £ 20} |
3 s \ S { .
E 15 [ / ‘\' E 15 B }: ‘\‘
n \, I ! h e B
10 N i : 10 e
5 | 1 1 1 1 1 Il J 5 1 Il 1 1 1 1 Il J
0 5 10 15 20 25 30 35 40 0 5 10 15 20 25 30 35 40
Time (s) Time (s)
35+ 35
X 30f / == X 30~ ' /<\ T
p— " S
o / o /
& ; & /
:ﬁq 25+ j S 25 f
w0 \ e 0 ; C -
201 ft'//" 20 v
0 5 10 15 20 25 30 35 40 0 5 10 15 20 25 30 35 40
Time (s) Time (s)
]—PI - - -=CMPC DMPC | ]—TEEM-PI - — -TEEM-CMPC TEEM-DMPC

Figure Al: Resultant stall margin trajectories across controllers
without TEEM applied (left) and with TEEM applied (right)..
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Case Study — Cruise Scenario
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Figure A2: Resultant stall margin trajectories across controllers
without TEEM applied (left) and with TEEM applied (right)..
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