
Questions?

Contact Information:
�‡Jonathan Kratz�t jonathan.kratz@nasa.gov
�‡Jeffryes Chapman �t jeffryes.w.chapman@nasa.gov
TCML Link:
https:// github.com/nasa/TCML
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EXTRA SLIDES
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Parametric Actuator Studies
�� Pressure forces are expected to be 

dominant

�� Exact pressure forces may be dependent 
on design

�� Looked at pressure differentials (�P�W) for 2 
basic configurations: (1) modulating the 
shroud and (2) modulating the 
shroud/casing assembly in the direction of 
the net pressure differential across the 
modulated object
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Cowl Cavity

Core Gas Path

Case

�� For segmented actuators this suggests forces of 
several hundred to a few thousand pounds

�� Need to be able to respond to rapid changes in 
applied force

�� Need to overcome additional forces such as static 
friction, weight of the actuator, and inertial forces 
+ produce excess force to meet dynamic 
requirements











Baseline Models
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Idle Climb Cruise Decel Descent

Go-around

Re-accelAccel - cruise 
to full power

Take-off

�� 2 different turbine configurations were considered, distinguished by the blade material
�� Inconel
�� 3-D Angle Interlock SiC/SiCHybrid Matrix Ceramic Matrix Composite (3DSiC)

�� Flight profile contains various potential worst case scenarios
�� �d�Z�����^���������]�}�v�����˙�����}�o���_�����]�������o���������v�������`�����������i�µ�����������]�v���������Z���������������}�����v�(�}�������������u�]�v�]�u�µ�u�����]����

clearance of 25 mil (accounts for axisymmetric variation and other 
uncertainties/conservativeness that comes with the traditional control approach)

Min. Tip Clearance Limit



Sensitivity Studies

�� AGTF30 was run at the steady-state cruise condition and various tip clearances 
were enforced

�� ~5% change in turbine efficiency for a 30mil variation in tip clearance (~1.67% 
difference for every 10 mil)

�� Inter-turbine temperature (T45), fuel flow rate (Wf), and thrust specific fuel 
consumption (TSFC) are the most impacted parameters
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TSFC





Parametric Actuator Studies
�� Evaluated bandwidth (BW), rate limit (RL), range (R), and deadband(DB) needs
�� Took a look at weight and force implication
�� Simulations utilized the flight profile below (R & DB) or an accelfrom the cruise 

point to full throttle (BW & RL studies)
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Idle Climb Cruise Decel Descent

Go-around

Re-accelAccel - cruise 
to full power

Take-off

�� For each set of actuator 
parameters, the tip clearance 
set-point schedule was adjusted 
such that the minimum tip 
clearance observed in the 
simulation was ~15mil (0.09% of 
the blade span)

15 mil

TC response



Parametric Actuator Studies
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�� Large benefit 
just from being 
able to actively 
control

�� Relevant 
bandwidth 
range: 

�� Inconel: 0.01 �t
1.5 rad/sec

�� 3DSiC: 0.01 �t 2 
rad/sec

Inconel Blade Configuration



Parametric Actuator Studies

�� Rate limit did not have much impact for the 3DSiC blade configuration
�� The entire range of tested rate limits appears to be applicable
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Inconel Blade Configuration



Parametric Actuator Studies
�� Range: ~45mils 

(Inconel), ~30mils 
(3DSiC)

�� For BW = 0.01 rad/sec 
the tip clearance 
reduces during the 
deceleration period �t
potential risk for 
rubbing during a 
subsequent 
acceleration

�� Re-evaluate speed 
�������µ�]�����u���v�����W�����t���H��
0.05 rad/sec & �Z�>���H��
0.45 mil/sec 
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Parametric Actuator Studies
�� Solved the Breguetrange equation to determine the amount of weight 

that could be added to the engine system on account of the actuation 
system for various flight ranges and fuel savings benefits
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Inconel Blade Configuration

















