Turbulence Prediction and Warning System (TPAWS)

Interim Certification Requirements

OUTLINE

1. Introduction

1.1 Background

1.2 System Description

A TPAWS provides the flight crew with an advance warning or advisory of turbulence by sampling the atmosphere ahead of the airplane. Through a process of direct and inferred measurements of the air mass dynamics, the system will identify severe weather signature associated with hazardous turbulence phenomena and warn the flight crew.

1.3 System design goals

The TPAWS design goal is to insure operational safety by alerting the flight crew so they can avoid turbulence accidents by using appropriate procedures, or perform a turbulence escape maneuver earlier than would be possible with a reactive system if turbulence avoidance is impossible. This should be accomplished while minimizing false and nuisance alerts.

1.3.1 Detect turbulence threat:

The system shall be capable of detecting turbulence threats as defined in the system requirements (Para 4.1).

1.3.2 Annunciate the turbulence threat:

The system shall clearly annunciate to the flight crew the detected hazard and appropriate alert level.

1.3.3 Situational display of turbulence threat:

Systems capable of displaying turbulence threat shall provide:

a. A display free from ambiguity

b. A display of the hazard relative to the airplane projected longitudinal axis

2. Certification Methodology

2.1 General

2.2 Simulation

2.3 Flight test

2.4 Software testing – DO178B level C

2.5 Environmental test – DO 160C

3. Definitions

3.1 Systems

3.1.1 Airborne Turbulence Predictive and warning systems:

Systems, which sense and identify a turbulence threat before the phenomenon is encountered.

3.1.2 Auto Pilot (AP)

3.1.3 Electronic Flight Instrument System (EFIS)

3.1.4 Multiple Function Display (MFD)

3.1.5 Navigation Display (ND)

3.1.6 Traffic Alert and Collision Avoidance System (TCAS)

3.2 Alerts and Annunciators 

3.2.1 Turbulence warning alert

An alert for a detected turbulence threat requiring immediate corrective action by the crew.

3.2.2 Turbulence caution alert

An alert for a detected turbulence threat requiring immediate crew awareness

3.2.3 Turbulence advisory alert

An alert for a detected turbulence threat requiring crew awareness and may require crew action

3.2.4 False alert

An alert, which occurs when turbulence conditions do not exist.

3.2.5 Nuisance alert

An alert that occurs when a turbulence phenomenon is encountered which does not exceed the defined turbulence alert criteria.

3.2.6 Missed event

An event is encountered that exceeds the turbulence Must Alert warning, but is not detected and/or the system does not issue a level three warning alert.

3.2.7 Mode annunciator

The method of displaying the systems current mode.

3.2.8 Unannunciated failure

A failure in the turbulence system, or a failure of the system to arm when required, that is not detected and/or annunciated.

3.3 Turbulence Situational Display

3.3.1 Dedicated: A display which only shows information sent from the turbulence detection system, but may include normal weather reflectivity.

3.3.2 Time-Shared: A display which shows turbulence information plus additional information from other systems.

3.3.3 Icon: A symbol used on a situational display to represent turbulence threats.

4. System Requirements

4.1 General

4.1.1 The system shall provide an advance warning of the turbulence threat as specified in paragraph 4.2.

4.1.2 The system shall be able to detect dry and wet turbulence threats in both dry and wet meteorological conditions.

4.1.3 The system may be designed to interface with other systems; e.g. TCAS, AP.

4.1.4 System shall not adversely affect the functioning of, or be adversely affected by, other airplane systems.

4.1.5 System shall not be adversely affected by systems outside the airplane, e.g. from other aircraft or ground radar systems.

4.1.6 The system shall have no emissions harmful to people or wildlife under normal or expected operational conditions.

4.1.7 The computed severity of a turbulence threat shall consider both horizontal and vertical wind components and eddy dissipation rate (EDR).

4.1.8 The system performance must be satisfactory within the range of normal flight path angles.

4.1.9 The probability of an unannunciated failure shall be 10^-5 per flight hour of system operation, or less.

4.1.10 The probability of a false warning alert shall be 10^-4 or less.

4.1.11 The probability of a nuisance warning alert shall be 10^-1 or less, per turbulence event.

4.1.12 The probability of a missed turbulence threat event shall be 10^-3, or less, per turbulence event.

4.2 Airborne Turbulence Predictive System

4.2.1 The system shall issue a warning alert of a turbulence threat existing 25 degrees either side of the nose of the airplane, at least 10 nm before the phenomenon is encountered.

4.2.2 The system shall issue visual and aural annunciations without pilot intervention.

4.2.3 The system shall be enabled automatically without pilot intervention, above a minimum of 5,000 feet AGL. No alerts should be given below 5,000 feet AGL.

5. Alerts/Annunciators/Displays

5.1 Alerts

5.1.1 Warning Alerts

5.1.1.1 A warning alert shall be indicated by a red annunciation in each pilot’s primary field of view in conjunction with a voice that says “Turbulence Ahead”.

5.1.1.2 The visual alert annunciations shall not be readily cancelable by the pilots. The alerts shall be automatically canceled following the longer of the aural message completion or when the measured threat dissipates below threshold or exits the area protected by the system.

5.1.2 Caution Alerts

5.1.2.1 A caution alert shall be indicated by an amber annunciation in each pilot’s primary field of view, in conjunction with two attention chimes or other appropriate aural alert. The amber annunciators shall remain illuminated until the measured threat dissipates below threshold, moves into the warning region, or exits the area protected by the system.

5.1.2.2 The caution alert annunciations may be cancelable after alerting.

5.2 Turbulence system failure annunciation

5.2.1 The annunciation of the failure of the turbulence detection system shall be readily visible to the flight crew. This alert may be cancelable.

5.3 Turbulence Situational Displays

5.3.1 General

5.3.1.1 Situational displays used to show the size and location of a turbulence threat shall use an icon.

5.3.1.2 Display shall depict the turbulence threat including position, with respect to the nose of the airplane, in an unambiguous and easily understandable manner.

5.3.1.3 Indication of the relative motion of the turbulence threat with respect to the airplane ground track is optional.

5.3.2 Icon Characteristics

5.3.2.1 The icon shall be selected based on human factors analysis, compatible with existing radar displays.
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