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Project Introduction 2) Determine First Iteration PID Definition 4) Validate Controller in Non-linear Simulation
Prof. Cesnik and the Active Aeroelasticity and Structures Research Laboratory require a _ _ _ _ _ _ _ _ _ _
digital controller to regulate the pitch of the EASE model aircraft in wind tunnel testing. PID Design Requirements o o In the scope of _thls pro;e_ct, evaluating a f:andldate con_troller In noq-llnear simulation
The controller is required to maintain or restore the aircraft’s trim pitch value by tracking 1. Demonstrate an _overdamped step response with little oscillation, if any represents t_he final step In coptrolle_r design before an mple_mentqtmn_ can be
a constant reference signal using the tail’s elevator deflection as an input. The controller is 2. Demonstrate a rise rime to 9(_)% the stfaady state value less tha_m roughly two sec. d_eveloped In sof_tware to test in a wind tun_nel_. Non-lln(_aar simulation Is also t_he most
expected to operate in a flight envelope of 20m/s — 30 m/s and initial pitch between -10 3. Demonstrate a 5% band s_ettllng time in the range of four to six seconds rigorous evaluapon step,. as the controlle,r IS ;lmulated n the at.)sence.of the.lmea.r
deg to +10 deg. The EASE model is pictured belo 4. Demonstrate a gain margin greater than 6 dB model assumption used in the controller’s orlglr_la_l _demgn. In simulation, this project
_ 5. Demonstrate a phase margin greater than 30 deg uses a full speed sweep of 20 m/s — 30 m/s and initial pitch sweep of -10 deg — 10 deg.
Only results at 20 m/s and positive, non-trim, initial conditions are presented for the
iB With the above design requirements, MATLAB’s pidTuner function was utilized to size brevity of this poster.
each gain term for a candidate PID controller, returning the closed loop step response
and bode plot of the open loop controller. = W :
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Design Approach | | o e I B R S
1. Verify Reduced Order Model (ROM) against Full Order Model (FOM) | L) o R T
2. Determine first iteration PID Definition I N S e e W e e e W W w W | Q
= Determine design requirements S U | U R - S
3. Validate Controller in Linear Simulation » Knobs available to design controller: controller bandwidth, controller phase margin el s pine
4. Validate Controller in Nonlinear Simulation » Three candidate controllers developed to meet quantitative regs. 2-5 » Step response simulated within speed range 20 m/s to 30 m/s for initial pitch
« With varying levels of oscillation to assess qualitatively against reqg. 1 between -10 deg and 10 deg
« Maximum EASE pitch excursion -10 deg to 2.5 deg => 12.5 deg * Pitch trajectory does not follow design prediction
Ref —~ Aircraft | * While oscillation above Is large (20 deg!) this would scale to ~ 4 deg peak to peak for » However, controller stable at all initial pitches within flight envelope
Pitch ) PID | Dynamics | y(t) = EASE Pitch on the EASE a1r01_~aft’s excursion | o | * These results suggest the controller is stable within 20-30m/s under a nonlinear
f  Controller bandwidth balances fastest response time and oscillation magnitude analysis
 1.4s rise time and 3.7s 90% band settling time
Measurement | ' * 0.16 Hz controller used for remainder of project Conclusion
This poster presents a PID architecture to meet the task of pitch control for the
3) Validate Controller in Linear Simulation EASE aircraft. First, to facilitate the design of each controller, a ROM was
1) Verify ROM Against FOM - developed for the aircraft’s dynamics using a residualization based on structural
i —————— e —— Y [ i — [ modal frequencies and actuator bandwidth limitations. This project selected five
: Bt e e S 1l | il o design requirements to quide PID controller development. A PID controller of 0.16
T Hz was selected to balance controller speed and stability, after which the
g \ | | 25| B | B o controller’s ROM closed loop response was verified in linear simulation against the
g _ o mmsgeems T o Tmegeoms) 7 O Tmeens) O Tmeema) FOM. Then, through nonlinear simulation, the controller’s ability to control pitch to
——— B T T e T — trim was evaluated in a sweep of initial conditions and flight speeds. Nonlinear
=" . - - = | s N simulations results show that the controller can sufficiently control the aircraft’s
2 o) || % ol S o] U 5o pitch to equilibrium within a pitch regime of [-10 deg, 10 deg] and a flight speed
50 | | | N | | | | oo o K ou K Fou K Fou regime [20 m/S1 30 m/S]
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o Tt e e Future Work
%T Y Toof| Toul) Tooll For future work, this project suggests translating this PID controller definition in
g _ £l 2| . MATLAB to a C++ definition. This C++ software will physically interact with the
| ‘ N - el I =1 EASE aircraft and enable controller validation in wind tunnel testing.
B TR R e == v I == | - 2.5 deg step response simulated within speed range 20 m/s to 30 m/s using FOM and
: : Frequency (radls) B ) - : : h ROM closed loop with controller Acknowledgements
. Actuators bandwidth limited to ~ 10 Hz + Pitch trajectory follows design prediction | | S o
+ ROM captures FOM magnitude and phase response below 10 Hz ~= 60 rad/s . Contr_oller ste}ble_ aF all _speeds W|_th|n flight envelope | would Irl1ke to;hank Prof. Cesnik aqd Mateus P_erellra for th(i:jr IglL(udanche arlld f
+ ROM acts as surrogate for FOM for an input below 10 Hz * Pitch trajectory indistinguishable with ROM and FOM | SUPP(_)Eft roug ﬁ{lt my capstonehprqjcre]ct. In part:jCUdif_, :dWC:cU (; etot Zﬂ Prof.
+ This result allows the project to use the ROM in replacement of the FOM in pitch * These r_esul_ts suggest the controller is stable within 20-30m/s under a linear Cesnik Tor matching my research with my intended field ot graduate study.
simulation approximation




