ILCA Operation

There is one Integrated Lower Control Actuator (ILCA) unit in each of the four control axes -pitch, roll, yaw, and thrust.  All four ILCAs have dual boost actuator sections mechanically connected to the appropriate cockpit control.

An independent primary hydraulic system powers each side of the boost actuator.  The pitch, roll, and yaw axis ILCAs also have two extensible links [Stability and Control Augmentation (SCAS) actuators] driven by AFCS commands for damping and outer loop control functions.

The thrust axis ILCA consists of the boost assembly, which is identical to the other axes.  It does not have the extensible links.

The extensible links do not transmit motion back to the cockpit controls.  Rather, all flight control inputs leave the ILCAs and proceed to the First Stage Mixing Unit.  The design also prohibits feedback to the cockpit from Rotor System inputs.

The No. 1 AFCS and No. 1 Hydraulic System both drive the upper extensible link on each ILCA, and the No. 2 AFCS and No. 2 Hydraulic System drives the lower extensible link on each ILCA.  This provides dual redundancy for the pitch, roll, and yaw axes.

The extensible links act as rigid links when the respective AFCS computer is not providing control signals.  A spring-loaded mechanical plunger centers and locks the extensible link in the absence of hydraulic power.

Mechanically summed, all three sections (boost, No. 1 upper extensible link, and No. 2 lower extensible link) of each pitch, roll, and yaw ILCA provide a total command to the first stage mixing unit.

The design of the pivots for the extensible links, where they connect to the Summing Link, is such that with both AFCS systems operating, one AFCS link extends while the other retracts symmetrically (Figure 1, right side).

The Summing Link Linear Variable Differential Transducer (LVDT) monitors the combined output, hence position, of each extensible link.  Command signals sent from the Summing Link LVDT, mixed with the individual extensible link LVDT, to each AFCS computer vary the resultant movement of each individual extensible link, and ultimately the total summed extensible link movement.

Both AFCS channels function to move the summing link at “½” equivalent gain due to the summing link feedback and the design of the mechanical linkages.  (Depending on one’s perspective, think of this as “1” equivalent gain based on physical travel).

During single AFCS operation, mechanical design causes the connecting link to pivot about the inoperative channel actuating rod.  After summing link LVDT feedback, and due to the summing link mechanical design, the summing link (total AFCS output) moves at “3/4” equivalent gain.  The operational AFCS channel actuator command remains the same, but the  summing link feedback is no longer “subtracting” the opposite motion, thus the operating channel SCAS actuator moves one and a half (11/2) times the typical amount.  The mechanical linkage then effectively halves the difference of the output and the fixed, non-operational SCAS actuator, resulting in “3/4” of a fully functioning ILCA output.  Mathematically represented, the AFCS summing link (AFCS 1 and AFCS 2 combined) is:
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Therefore, with both systems functioning using a command of “1” (disregarding physical limitations):
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With only one system functioning, however, the operational system command goes to “1.5” due to the summing link feedback, while the effective command of the non-operational SCAS actuator is “0” due to the centering device, and this situation becomes:
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In summary, with both AFCS systems operating, the total system operates “normally,” and with only one system functioning, there is a slight reduction of net effectiveness down to 75 percent of “normal”.  This of course does not take into account saturation of the operational actuator, or physical position limits, both of which tend to degrade overall performance. 
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Figure 1, ILCA AFCS Single and Dual Input Operation.

Proper operation of the AFCS requires electrical signals to control logic conditions:

1) Vertical Gyro signal.

2) Synchro clock.

3) Power supply (AC and DC).

If any one of the previous conditions is invalid or not present, the control logic will close the associated Lower Controls Pressure Control Module hydraulic shutoff valve and illuminate the respective “AFCS OFF” caution light.

The AFCS control logic also monitors primary hydraulic system pressure (No. 1 or No. 2 Flight Boost Hydraulic Pressure) at the Hydraulic Power Control Module.  For normal in-flight operation, the pilot selects the “BOTH” position of the AFCS and primary flight boost hydraulic pressure is above 1800 PSI.  Should either primary flight boost hydraulic system fail, the associated AFCS will automatically shutdown, force the closure of the Lower Controls Pressure Control Module hydraulic shut-off valve, and illuminate of the respective “AFCS OFF” light on the caution panel.
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