Attachment 1 – Side Arm Controller

Single side arm control inceptor shall meet the following specifications:

- is high fidelity for conducting pilot-in-the-loop experiments.
- provides a minimum of 30 pounds of force feedback.
- the capability to dynamically change the force feedback.
- communicates via ethernet protocol.
- ethernet protocol shall be UDP with either fixed or variable length messages and exactly compatible with Guidance and Control Branch and Flight Software Services laboratory facilities.
- shall not be a spring loaded controller.
- the depth of the controller box (not including the stick) shall be no more than 8 inches tall, 9 inches wide and 14 inches long.
- the unit shall be powered from a standard AC wall outlet.
- shall be exactly compatible (excluding the dual link capability) with the controller procured under purchase order NNL04AK52P from Stirling Dynamics; the specifications follow: 
Specifications for an Active Side-Stick System Supporting
Haptic Interface Research

Overview

The subject of this research is exploring and maturing the use of haptic cues to convey information to and from the operator of a highly automated vehicle such as future personal air vehicles.  The general requirement is for a pair of actively loaded side-sticks that can be used individually or electronically linked through user defined algorithms.  The individual stick units must be self-contained for installation flexibility and shall be compatible with use in a flight environment as part of a research flight control system.  Because this activity is investigating bi-directional haptic interfaces rather than simulation of traditional aircraft stick system force-feel characteristics, it is essential that the system have flexible hardware and software capabilities that give the user a high degree of control over the force-feel characteristics while the system is operating.  In addition, the feel characteristics of the stick must be smooth and natural with a minimum of distracting artifacts.

System Performance

The system shall be capable of generating a sustained force in both pitch and roll of greater than 145N measured with a 7.5” moment arm located at the grip reference point for a 15 second or longer period.  The range of motion of the sticks shall be greater than +/- 20 degrees in both pitch and roll inputs.  The system shall be capable of simulating the feel characteristics of a stick system with second order natural frequency of up to 5 Hz and damping ratio of 0.8.  The system shall support slopes for detent or breakout definitions of greater than 90N per degree without oscillatory behavior.  The overall feel characteristics shall be qualitatively smooth and natural and free of distracting artifacts created by the torque motors or driven train.

Software Interface

The system shall interface with an external computer providing high-level, force-feel commands.  The system shall communicate with this external computer via a  10/100‑Base T Ethernet link, utilizing UDP (User Datagram protocol) packets.  The interface shall support command messages at a user defined frequency with a maximum value equal to or greater than 200 Hz.  The system shall support the following high-level force feel commands—

Main Force Gradient Table

Detents Table

Breakout Table

Main, Detent and Breakout Curve Changeover Time  (When fading from one curve to another, the fade time is defined by this parameter.  This parameter is universal for the main curve, detent curve and breakout curve definitions and implements a 
linear fade.)

Qfeel factor

Hard stop

Soft stop

Hard and soft stop changeover times.  
Position offset injection

2nd order model frequency

2nd order model damping ratio

Stick shaker frequency

Stick shaker amplitude

Static friction level

Dynamic friction level

Link sticks activation

Linked sticks strength

Linked sticks changeover time

Physical Dimensions

The size and weight of the units shall be compatible with installation as part of a research pilot’s station in a small general aviation aircraft such as a Cessna 206.  The physical dimensions of side-stick units, excluding the stick handles/grips, shall be compatible with a self-contained installation in a volume less than 200cm long, 120cm wide, and 110cm high.  The mass of these units hsall be less than 10kg.

Power Requirements

The units shall operate with 28V DC power.

