Military Simulator Flight Fidelity Validation Tests and Tolerances

Rotary Wing Aircraft


Note:

1) The following list of  test categories are considered “classical” flight test categories. They are derived  from the US Naval Test Pilot School Flight Test Manuals for Rotary Wing Performance (USNTPR-FTM-No 106) and Rotary Wing Stability and Control (USNTPS-FTM-No 107). These flight test categories are appropriate for validating military simulators for two important reasons:

a.    Classical flight test categories have evolved as the most comprehensive way to characterize and quantify aircraft flight characteristics for military missions.  A subset of these categories may be suitable for commercial transport aircraft but not for military tactical aircraft.

b.    Flight test data generated in accordance with classical flight test methods is the most reliable criteria for validating simulator aerodynamic modeling.  Expert test pilot evaluation is also necessary for validation purposes and it must be reconciled against quantitative flight test data.

2) All tolerance values specified below are ± unless otherwise specified.

3) When two tolerance values are given for the same parameter (in the same test area), the applicable tolerance is the greater of the two unless otherwise specified.

4) This table is meant to serve as a starting point only.  Proper expertise must be applied to adapt to specific aircraft training simulators. Questions or comments should be addressed to Mr. Tom Galloway at GallowayRT@navair.navy.mil or to Mr. Rick Settle at SettleRF@navair.navy.mil
TEST AREA
FLIGHT TEST CATEGORY
SUB CATEGORY
Tolerances
COMMENTS

General
All flight characteristics not covered by specification tolerances

10%.



Curve Slope

10% of the corresponding trainer criteria curve at all points where the curve is continuous.


Flight Control System Mechanical Characteristics
Force vs. deflection (all modes)
Longitudinal
Breakout + friction:  0.5 lbf or 5%.

Force:   0.5 lbf or 5%.

Freeplay:  0.1 in.
Static/On ground.  Continuous sweeps



lateral
Breakout + friction:  0.5 lbf or 5%.

Force:   0.5 lbf or 5%.

Freeplay:  0.1 in. 




Pedal
Breakout + friction:  0.5 lbf or 5%.

Force:  2.0 lbf or 10%.

Freeplay:  0.1 in.




Collective
Breakout + friction:  0.5 lbf or 5%.

Force 0.5 lbf or 5%.

Freeplay:  0.1 in.


 
Cyclic control envelope.
Lateral/Longitudinal/

Collective
Position:  0.5 in or 5%.
Checking for notches in the corners of the cyclic envelope. Static/on ground.



Pedal
Position:  0.25 in or 5%.
Check pedal travel with various collective positions.


Stick release dynamics.
All axes
Number of overshoots:  Same as aircraft.

Time to first peak:  0.1 sec.

Trim release stick jump: Pilot evaluation. 



Trim system characteristics.
Rates (all applicable axes)
Per aircraft maintenance manual.
 

Weight and Balance
Mass characteristics
 
Total mass: 1%.

Moments of inertia: 1%.

Center of gravity: 0.2 in of actual.


Performance
Hover Performance
In Ground Effect (IGE) and Out of Ground Effect (OGE)
Torque: 3%.

Attitudes (all): 1°.

Control positions (all): 2% of full travel.



Level flight performance

Indicated Airspeed: 1 knot. 

Torque: 3%.                      
Test results applied to both performance and trimmed flight control positions (TFCP).

 
Vertical Climb

Vertical velocity: 100 ft/min or 10%.                                               



Forward flight climb/descent performance
Climb
Vertical velocity: 100 ft/min or 10%.                                                




Descent
Vertical velocity: 100 ft/min or 10%.                                                
Includes autorotational performance


Low airspeed performance
Cardinal headings
Torque: 3%.

Attitudes (all): 1°.

Control positions (all): 2% of full travel.
Includes trimmed control positions

Flying Qualities
Trimmed flight control positions

Control positions (all): 2% of full travel.

Attitudes (all): 1°.

Sideslip angle: 2°.           
Test results generated in conjunction with level flight performance.


Longitudinal static stability

Control positions (all): 2% of full travel.

Longitudinal Control force: 0.5 lbf.

Attitudes (all): 1°.

Rate of Climb (ROC): 100 ft/min or 10%. 
Minimum of two speeds on each side of trim. Let ROC fall out.


Critical Azimuth

Control positions (all): 2% of full travel.

Attitudes (all): 1°.                            
Data collected simultaneously with trimmed control positions in low airspeed flight. Data gathered in all quadrants in increments not exceeding 30°. Pilot workload evaluated qualitatively and is of specific interest.


Lateral-directional static stability

Indicated airspeed: 1 knot for specific values.

Cockpit control positions (all): 2% of full travel.

Attitudes (all): 1°.                   



Maneuvering stability
Steady turns
Longitudinal force: 0.5 lbf.

Longitudinal control position: 2% of full travel.




Pull-ups and pushovers
Longitudinal force: 0.5 lbf. 



Longitudinal dynamic stability
Short Period
Undamped natural frequency: 15%.

Damping ratio: .05 or 25%.  

Amplitude response: 10%.                             




Long period (phugoid)
Undamped natural frequency: 15%.

Damping ratio: .05 or 25%.

Amplitude response: 10%.



Lateral-directional  dynamic stability.

Peak amplitude: 15%.

Time to first peak: 15%.

Undamped natural frequency: 15%.

Damping ratio: .05 or 25%.



Spiral stability

Correct trend.

2° bank angle or 10% in 20 sec. 
Time history of release from pedal only and cyclic only turns.


Control response
Longitudinal.
Max pitch rate: 15%. 

Pitch attitude change after 1 sec: 1°. 
Time to max pitch rate: 15%.

Time to 63% of max pitch rate: 25%.
Control inputs of multiple magnitudes for each axis. Secondary axes trends and general magnitudes should be representative for both unaugmented and augmented cases. 



Lateral
Max roll rate: 15%. 

Roll attitude change after 1 sec: 1°. 
Time to max roll rate: 15%.

Time to 63% of max roll rate: 25%.




Directional
Max yaw rate: 15%. 

Yaw attitude change after 1 sec: 1°. 
Time to max yaw rate: 15%.

Time to 63% of max yaw rate: 25%.




Vertical
Peak load factor: 0.1g or 15%. 

Time to peak: 0.1sec or 15%.



Vortex Ring State

Qualitative assessment.
Qualitative assessment is quantified using the Cooper-Harper Handling Qualities (HQR)  rating scale and NATOPS limits. 

Autorotation
Autorotational Entry

Rotor speed: 1%.

Attitudes (all): 1°.

Angular rates (all): 1°/sec or 10%.

Control positions: 2% of full travel.

Sideslip: 2°.  
Time history of initial aircraft response to autorotational entry. Primary evaluation factor is pilot qualitative comments in context with the time history data.


Steady State Autorotational Characteristics

Rate of descent: 100 ft/min or 10%.

Main rotor speed: 1%.

Attitudes (all): 1°.

Control positions (all axes): 2%.

Sideslip: 2°.  
Generally evaluated as one data point of a series of data points in the partial power climbs/descents tests. In addition, may also be determined from time histories of full autorotations (entry, descent, flare).


Autorotational Flare

Rate of descent: 100 ft/min or 10%.

Main rotor speed: 1%.

Attitudes (all): 1°.

Control positions (all axes): 2%.

Sideslip: 2°.  
Time history of aircraft response to aft cyclic and collective inputs to arrest Forward airspeed and rate of descent.

Ground handling


Pilot Qualitative assessment.
Stopping distance, turn radius, and air to ground transition are all evaluated based on available data and qualitative assessment.

Engine characteristics
Engine starts/shutdowns/ steady state performance

Light off time: 10%.

Rate of change for all propulsion system parameters: 15%.

Torque: 3%.

Gas generator speed (Ng): 1%.

Rotor RPM (Nr):1%.

Fuel flow: 5%.

Turbine inlet gas temperature (T5): 20°C below 75% torque.

                                                        10°C above 75% torque.

Engine oil pressure: 5 psi.

Engine oil temperature: 15°C.

Transmission oil temperature: 15°C.

Transmission oil pressure: 5psi.
Engine steady state performance data obtained in conjunction with flight performance tests. Tolerances also apply with engine out for multi-engine aircraft.




Rotor droop characteristics
Static droop
Rotor speed (Nr): 1%.




Transient droop
Rotor speed (Nr): 1%.


Automatic Flight Control System (AFCS)
AFCS characteristics

Attitudes, altitude, and linear and angular rates for all AFCS modes should be in accordance with functional check flight procedures of the NATOPS. 
Data are presented in time histories.
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