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Description of High Lift Control Systems

RATIONALE

There is a need for a general overview of implementation of High Lift Systems as a source of information both for aircraft
manufacturers specifying these types of systems as for systems suppliers designing them. This document meets this need.

TABLE OF CONTENTS

1 ST OO ] ] OSSPSR 4
1.1 PUIDOSE ..ottt e oo oottt e e+ oo a e et et e e oo e a ettt e e e e e e e b a b be et e e e e e aananeeeeeee e s 4
2. REFERENGES ...ttt ettt ettt ettt bttt e e sttt e e ea bt e ee e amte e e e e amte e e e e amteeeeeamteeeeeanteeeeeanteeeesanteeeeaanneeaeanns 4
2.1 FaY o] o] Tor=1 o] (=31 B oot U 1o 1= o | €SS SPSRPRPR 4
211 EASA PUDICALIONS ...ttt ettt e ettt e e e st e e e e eabee e e e ambeeeeesnteeeesanteeeesanteeaeann 4
21.2 L N U] o] o= 11 ] LTSRS OO 4
2.2 (RN = (o I U] o] o= 1 4[] 1SS 4
2.21 TN U] o[- 4o U 4
3. DESCRIPTION OF HIGH LIFT SYSTEMS ...ttt ettt e sttt e e st e e e staeaessntaaeessnnanaeeans 5
3.1 L= 0= - | S 5
3.11 Background on Top Level ReQUIFEMENTS. ... et e e e e e e e eeeeeeas 5
3.2 Leading EdQe SYSIEMS ... ..ueiiiiiiiie ettt e e e e e e e e e e e e s e e —— e e e ae e e e e ———reaaeeeaaannnraaraaaaaan 7
3.21 Leading Edge SYStemMS = AIrDUS.........uuiiiiiiii et e e e e s e e e e e e e e e aaeaaaea s 7
3.2.2 Leading Edge SYStemS - BOBING..........uiiiiiiiiiiciee et e e e e e e e e e e e e e a e aaaaas 8
3.2.3 Leading Edge Systems - BOMDAIAIET ..........cooiiiiiiiiiei e e e e e e e e e e 9
3.24 Leading Edge Systems - Dornier, Embraer, Gulfstream, Lockheed, Sukhoi, Syber Jet.............cccceeee. 10
3.3 Trailing EAQE SYSIEIMS ....eoiiiiiieee et e et e e e e e e st e e e e e e e s e sababeeeaeessesssbsaeaeaeeeaaannes 11
3.3.1 Trailing EAge SYStEmMS - AITDUS........ueiii e e e ab e e e 11
3.3.2 Trailing EAge SYstems - BOGING........uiii e 12
3.3.3 Trailing Edge Systems - BOMDArdier ..........cooiiiiiiii e 13
3.34 Trailing Edge Systems - Dornier, Embraer, Gulfstream, Lockheed, Sukhoi, Syber Jet ............................. 14
4, DETAILED SYSTEM DESCRIPTION ....oiiiiiiiiiiiitiit ettt ettt e e et e e s essae e e ssseeeeesnnsaeeesssaeeesnsnneessnnnnees 15
4.1 Y1 o TSR PPPRR 15
411 AITDUS A300 B2/BA4 ...ttt ettt ettt e e e ettt e e e s bt e e e ambe e e e e amteeeeeanbeeeeeanteeeeeanteeeeeanreeeeans 15
4.1.2 ATTDUS AB00-B00 ...coiiitiieeiitiiee ettt ettt e e ettt e ettt e e sttt ee e e beeeeeaateeeeaambeeeeeambeeeeeamtaeeeeanteeeeeanteeeeeanseeeeeanreeeeans 16
4.1.3 y N1 o100 B SRR 18
414 AITDUS A320 FAMIUIY ...ttt ettt e e e ettt e e e sttt e e e smte e e e e amteeeeeanbeeeeeanteeeesanseeaeeanseeaeanns 20
4.1.5 AITDUS A330/A340 FamMIUIY....eeeiiiiiiee ettt e ettt e e sttt e e e sttt e e e snbaeeeesnteeeeeanteeeeeanreeaeaans 23
4.1.6 E N[ o TU TN 1 OSSR RRRPTPRR 25
4.1.7 ATDUS AQOOM.... ittt ettt e e ettt e e s te e e e e s taeeeesataeeeeantaeeeeanteeaesansaeaesansaeaeeanseeeeeassaeaeeanseeaeanns 28
4.1.8 AATDUS A2200.... e eieeee ettt ettt e e ettt e e ekttt e e sttt e e e staeee e s taeeeeaateeeeeanteeeeeanteeaeeanteeeeeantaeaeeanteeaeeanneeeeeanreeeeans 29
4.2 2 707=T] o o [ PRSPPI 31

SAE Technical Standards Board Rules provide that: “This report is published by SAE to advance the state of technical and engineering sciences. The use of this report is entirely
voluntary, and its applicability and suitability for any particular use, including any patent infringement arising therefrom, is the sole responsibility of the user.”

SAE reviews each technical report at least every five years at which time it may be revised, reaffirmed, stabilized, or cancelled. SAE invites your written comments and
suggestions.

Copyright © 2020 SAE International

All rights reserved. No part of this publication may be reproduced, stored in a retrieval system or transmitted, in any form or by any means, electronic, mechanical, photocopying,
recording, or otherwise, without the prior written permission of SAE. ™

| =4
TO PLACE A DOCUMENT ORDER:  Tel: 877-606-7323 (inside USA and Canada) : P i e o
Tel:  +1724-776-4970 (outside USA) For more information ! staB%ard VISI%?haring ub
Fax:  724-776-0790 https://www.sae.orq/standards/content?ME'gd\
Email: CustomerService@sae.org
SAE WEB ADDRESS: http://www.sae.org

Full document details: SAE AIR6016


https://www.sae.org/standards/content/AIR6016/
http://www.avadocuments.com/doc/sae-air6016
http://www.avadocuments.com/doc/sae-air6016

SAE INTERNATIONAL AIR6016™ Page 2 of 71

421 (270 T=T] o o A I A TR PPPTT 31
422 (270 T=T] o To [ A I A PO PPPTTP 33
423 (270 T=T o To [ 2 A TP PPPTT 36
424 [210T=T] o To [ £ A TP PPPTTP 39
4.2.5 (270 T=T] oo [ G I APPSR 42
4.2.6 [ To 1= o T A A A PPPPPPPRPPOS 45
4.2.7 Boeing MD-11 (MCDONNEI-DOUGIAS) ....veviieeiiiiiiiieeee ettt e e e et e e e e e e e s e e e e e e e s e ennnraneeaaeeas 48
4.3 = To] g o= 1 (o =T PO PP PPPPP 51
4.31 Bombardier Challenger CL300 SEIES .......cciiiiiiiiiiie ettt e e e e e e e e e e e st e e e e e e e s e e nnraaeeaaeeas 51
43.2 BOmMDbAardier CLBOO SEIIES.......coiiiiiiieiiiiiee et ettt e ettt ee e ettt e e s atee e e e sseeeeesaaeeeesseeeeeasaeeeeanseeeeeanseeeeeanneeens 53
4.3.3 Bombardier Global Express 5000/6000 SEIES......cuiieiiiiiiuuiiiieeeeeeeecite e e e e e s e e e e e e e s e e e e e e s e e sanraaeeeaeeas 55
44 D T 5 01 =T SRR 58
441 o4 a1 =Tl D o R 58
442 o4 a1 =Tl D o T 5 R 59
4.5 e 0] o] =T SR 61
451 Embraer ERJT4S FamIly ..ottt sttt et e e e e anneee s 61
4.6 LCTH 1 5114 Y= o PSSR 63
4.6.1 GUIFSTIEAIM G200 ......eeei ettt e ettt e ettt e e e e ebe e e e mtbe e e e anseeeeaantbe e e e nnteeeeanseeeeeanseeeeeanseeeeeannees 63
4.7 [T (=T =T o B PP PTP O PPTPPPPP 65
471 e Yo7 (g T=T= T I Iy 0 e RSP 65
4.8 0101 T PSSR 67
4.8.1 SUKhoi SUPErdet 100 (SUT00) ....ceeiueieeeiiiiieeiieiee ettt et e e e sttt e e s e seeeesansbeeesannbeeesannbeeeeasreeeeannreeeeannees 67
4.9 3V 1= = PSPPSR PPR 70
4.9.1 SYDEE JEE SUB0-2.....eeiieeeiee ettt e e e e e — e e e e e ——r e e e et te e e e e nteeeaanreeeaanreeeeanrreeeeannees 70
5. N[ I USSR 71
51 AV 7o) TN T o L= o R 71
Figure 1 Airbus A300-600 highlift SYSIEM .......cooiiiiiiie e e e e e e e e e e st aeeeaeeeeeaanes 18
Figure 2 AIrbus A310 high LIt SYSTEM ... e e e e e e e e e e e et e e e e e e e seantnaeeeaeeeeaannes 20
Figure 3 Airbus A320 family aircraft - high lift system (aircraft VIeW) ..........c.ooeeiiiiiiii e 22
Figure 4 Airbus A320 family aircraft - high lift system (Signal VIEW) ...........uuviiiiiiiiiiee e 22
Figure 5 Airbus A330/A340 high Tift SYSTEM ....eeiiiiiiie e e e e e s e e e e s e st aeeeaaeeeeaanes 25
Figure 6 Airbus A380 high lift SYSTEM ... e e e e e e e e s s et e e e e e e e e ssntnaeeeaeeeeeaanes 27
Figure 7 Airbus A220 high lift PANEI TAYOUL..........oiiiiiiee et e e e 29
Figure 8 Boeing 717 leading €dge SIat SYSIEIM ..o 32
Figure 9 Boeing 717 trailing edge flap SYSIEM ... 32
Figure 10 Boeing 737 leading edge high lift SYSIEM .......ooiiiii e 35
Figure 11 Boeing 737 trailing edge high lift SYSTEmM ........ooi e 35
Figure 12 Boeing 747 high Tift SYSTEM ..ot e e eanee s 38
Figure 13 Boeing 757 high lift SYStEM CONMIOIS .....eiiiiiiiiiieeecee e e e e e e e e e e s e aeeaaee s 41
Figure 14 Boeing 757 high lift SYStEM [QYOUL .........ooiiiiiiiiiecee e e e e e e e e e s eeeaae s 41
Figure 15 B0oeing 767 high [ift SYSTEM ...eeiiiii et e e e e e e e e e s e s e e e e e e e e seenaaraeeaaaeeas 44
Figure 16 Boeing 777 - layout of the high lift SYStem ..........oieiiiii e 47
Figure 17 B0o€ING 777 SIatS @nd flapS ....ueieii it e e e e e e e raa e e e e araaaaaan 47
Figure 18 Boeing (McDonnell-Douglas) MD-11 Slat SYSTEM ......oc.uuiiiiiii e s 49
Figure 19 Boeing (McDonnell-Douglas) MD-11 flap SYSteM ..........eiiiiiii e 50
Figure 20 Bombardier CL-300 flap ........uueiiiieiee ittt e s aanee s 52
Figure 21 Bombardier CL600 series high lift SChematiC...........ooouiiiiii e 54
Figure 22 Bombardier GX5000/6000 series high lift 1ay0Out ............oooiiiiiiii e 57
Figure 23 Dornier D0328 flap SChEMEALICS .......ciiiiiiie et eaaee s 60
Figure 24 Embraer ERJ-family flap SChemMALiC...........ooiiiieee e e 62
Figure 25 Gulfstream G200 high lift SYSIEM ... e e e e e e e e e aees 64
Figure 26 Lockheed L-1011 high lift SYSIEM .....cuuieiiiieeee e e e e e r e e e e 66
Figure 27 Superjet SJ-100 high Tift SYSTEM ...ocoiiee e e e e e e e s e e e e e e e e e nreaees 69
Figure 28 Syber Jet SJ30-2 trail edge flap drive SYSIEM..........oviiiiiiiiiee e 71
Documents
Table 1 System type and drive technology abbreviations used in overview ............ ... ... Document-Sharing@lub

Full document details: SAE AIR6016


http://www.avadocuments.com/doc/sae-air6016
http://www.avadocuments.com/doc/sae-air6016

SAE INTERNATIONAL AIR6016™ Page 3 of 71
Table 2 Actuation and output abbreviations used iN OVEIVIEW............ooo e 6
Table 3 Leading edge SyStemMS - AIrDUS = OVEIVIEW .......ooiuiiiiiiiiiii ettt e e 7
Table 4 Leading edge SyStems - BOGING - OVEIVIEW .......ccuuiiiiiiiiiiii ittt ettt e et e e st e e e sbeeeeeas 8
Table 5 Leading edge systems - BOMbDardier - OVEIVIEW .........ouuiiiiiiiiii ettt 9
Table 6 Leading edge systems - other aircraft - OVErVIEW ..o 10
Table 7 Trailing edge systems - AIrDUS - OVEIVIEW .......cooiiiiiii e 11
Table 8 Trailing edge systems - BOBING - OVEIVIEW .......coooiiiii i 12
Table 9 Trailing edge systems - Bombardier - OVEIVIEW..........coooi oo 13
Table 10 Trailing edge systems - other airCraft - OVEIVIEW .............ooiiiiiiiiiiiic e 14
Table 11 Airbus A300 B2/B4 €QUIDIMENT OVEIVIEW. ........ueiiiieeeiiiciiiieeee e e e e eeit et e e e e e e e eeeaeessssasbaeeeaaesessnssseeeeaesaaanes 16
Table 12 Airbus A300-600 €qUIPMENT OVEIVIEW .....ccceviiiiiiiiiieiiieieieeeeeee ettt ettt et et et et et et e e e e et et et e eetetateaeaeteaeaaeaaaaaaaeaees 17
Table 13 Airbus A310 €QUIPMENT OVEIVIEW ......oiiiiiiiiiiiii et e et e et e e e e e et eeeae e e e e s nnteeeeaaeeeaanenneeeaaeeaaannns 19
Table 14 Airbus A320 family eqUIPMENT OVEIVIEW ..........o it e e e e e e e e e e e e e neneeeeaaeeeeannes 21
Table 15 Airbus A330/A340 €QUIPMENT OVEIVIEW ..... ...t e e e et ie e e e e e e e e eeeae e e e e e nnteeeeaaeeeaanenneeeaaeeaaannns 24
Table 16 Airbus A380 €QUIPMENT OVEIVIEW ......oiiiiiiiiiii et e e ettt e e e e e et eeeaa e e e e s nneeeeaeaeeeaanenneeeaaeeaaannns 26
Table 17 Airbus A400M €QUIPMENT OVEIVIEW ....ooiiiiieiiiiiee ettt e e ettt e e e e e e e e eeeae e e e e s nneeeeaaaeeeaanenneeeaaeeaaannns 28
Table 18 Airbus A220 high lift SYStem POSILIONS ..........uiiiiiiie e e e e e e s e e e e e e 30
Table 19 B0€ING 717 ©QUIPIMENT OVEIVIEW ......uiiiiiiiiiiiiieiieitieteeeeeeeeeesaeaeeeesesesseessesessessssssssssssssssssesssssnsssssnsnsnsnsssnsssnnnnns 31
Table 20 B0o€ING 737 €QUIPIMENT OVEIVIEW ......uiiiiiieiiuiiieiititieitaeeeeeeeeeaeaeeseseseesaessesssssssssssesssssssssssesssssnsssssssnsnsnsnsnsssnsnnns 34
Table 21 B0o€ING 747 €QUIPIMENT OVEIVIEW ... .uiiiiiiiiiiiiieieeetitetaeeeeeeeeeeeaeeseseesesaessesesssssssssesssssssssssssssssssssssssnsnsnsssssssnsnnns 37
Table 22 Boeing 757 EQUIPMENT OVEIVIEW. ........ueiiiie ittt ettt e e e ettt e e e e e e st e e e e e e s e sanbeaeeeaeeeseansnrnneeaaeeas 40
Table 23 B0o€ING 767 €QUIPIMENT OVEIVIEW ... .uuiiiieiiiiieieiieieeteeeeeeeeteesaeaeeesseesessessesesssssssssssssssssssssesesssssssssssssnsssssssssnsnnns 43
Table 24 Boe€ing 777 €qQUIPMENT OVEIVIEW ... ...t e e e e e e e e e e e e et e e e e e e e e e s nneeeeeeaaeeaaannneneeaaeans 46
Table 25 Bombardier CL300 series eqQUIPMENT OVEIVIEW .........ooiiiiiiiiiiee e e e e e e e ee e e e e e e e e e nneeeeeeaeens 52
Table 26 Bombardier CL600 series flap SEHNGS .....ooiiiiiiiie e 53
Table 27 Bombardier CLE00 series eqQUIPMENT OVEIVIEW .........coiiiiieiiiiieee e e e e e e e e e e e e e e e e e s nneeeeeeaeens 54
Table 28 Bombardier GX5000/6000 high lift system pOSItiONS .........oocuiiiiiiiiii e 55
Table 29 Bombardier GX5000/6000 series eqUIPMENt OVEIVIEW ........oooiiiiiiiiiiiiiiee e e e ee e e e e e e e e e e e e nneeeeeeaeens 56
Table 30 Dornier DO228 €QUIPMENT OVEIVIEW...........uuuuiuueeueueeteueeeeeeeeeeaeeeeereeeeereeererereesrererererererererenersrernrsrnrsnnrnsnsssnsnnes 58
Table 31 Dornier DO328 @QUIPMENT OVEIVIEW..........uuuuuiuiereeeieeeeeeeeeeetueaeeeeeeeeerereeereeereeesererereeerereseretessrnrsrssnsssnsnsnsssnsnnes 59
Table 32 Embraer ERJ145 family @qUIPMENT OVEIVIEW ........coiiiiiiiiiieieee ettt a e e e e e eeaa e 61
Table 33 Gulfstream G200 €qUIPMENT OVEIVIEW........coiiiiiiiiiiiiiie e e e ettt e e e e e et e e e e e e s e e e e e e e s ssentabaeeeaaeesannrsneees 64
Table 34 Sukhoi SJ100 EQUIPMENT OVEIVIEW ........uviiiiiie i ettt e e e e e e e e e e e s e et eeeaeeesesnssraeeeaaeeesnnrsseees 68
Table 35 Syber Jet SU30-2 €qQUIPMENT OVEIVIEW ......ccoiiiiiiiiiiiieie e e e ettt e e e e e et e e e e e e e e e e e e e e e e e s e etabaeeeeaeeesnnrereees 70

Documents

Full document details: SAE AIR6016

Document Sharing Hub


http://www.avadocuments.com/doc/sae-air6016
http://www.avadocuments.com/doc/sae-air6016

SAE INTERNATIONAL AIR6016™ Page 4 of 71

1. SCOPE

This SAE Information Report (AIR) provides descriptions of High Lift Systems of commercial and military aircraft. The main
focus is on mechanical systems which may be actuated hydraulically or electrically.

1.1 Purpose

The document is intended as an overview for those specifying or designing High Lift Systems in order to compare existing
solutions as reference for implementation in new aircraft programs.

2. REFERENCES

2.1 Applicable Documents

The following publications form a part of this document to the extent specified herein. The applicable issue of the publications
shall be the issue in effect on the date of the purchase order. In the event of conflict between the text of this document and
references cited herein, the text of this document takes precedence. Nothing in this document, however, supersedes
applicable laws and regulations unless a specific exemption has been obtained.

2.1.1 EASA Publications

Available from European Aviation Safety Agency, Konrad-Adenauer-Ufer 3, D-50668 Cologne, Germany (for visitors and
for mail over 1 kg) and Postfach 10 12 53, D-50452 Cologne, Germany (for mail 1 kg or less); Tel: +49 221 8999 000,
Www.easa.europa.eu.

CS-23 Certification Specifications and Acceptable Means of Compliance for Normal-Category Aeroplanes.
CS-25 Certification Specifications and Acceptable Means of Compliance for Large Aeroplanes.
2.1.2 FAA Publications

Available from Federal Aviation Administration, 800 Independence Avenue, SW, Washington, DC 20591,
Tel: 866-835-5322, www.faa.gov.

14CFR Part 23 Airworthiness Standards: Normal Category Airplanes

AC No: 23-17C Systems and Equipment Guide for Certification of Part 23 Airplanes and Airships
14CFR Part 25 Airworthiness Standards: Transport Category Airplanes

2.2 Related Publications

The following publications are provided for information purposes only and are not a required part of this SAE Technical
Report.

2.2.1 SAE Publications

Available from SAE International, 400 Commonwealth Drive, Warrendale, PA 15096-0001, Tel: 877-606-7323 (inside USA
and Canada) or +1 724-776-4970 (outside USA), www.sae.org.

AIR 4094 Aircraft Flight Control Systems Descriptions

AIR4253 Description of Actuation Systems for Aircraft with Fly-By-Wire Flight Control Systems
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3. DESCRIPTION OF HIGH LIFT SYSTEMS
3.1 General

High Lift Systems comprise Leading Edge Devices such as Leading Edge Slat Systems, Droop Nose Devices and Krueger
Flap Devices, and Trailing Edge Devices such as Fowler Flaps and Simple Hinged Flaps.

Most applications on commercial or military aircraft use a central drive unit, distributing the power to the panels through a
transmission shaft system with gearboxes adjusting driveline direction or avoiding obstacles in the driveline run to finally
actuating the panel with different types of drive stations, possibly incorporating down drives, and driving the aircraft kinematic
interface with ballscrews, lever or pinion outputs.

Alternatively there are systems operated by linear hydraulic actuators or electromechanical actuators (EMAs) directly acting
on the aircraft kinematic interface point.

3.1.1  Background on Top Level Requirements

Typical requirements for High Lift Systems include availability for each of the systems (Leading Edge and Trailing Edge) in
the range of 10-% failures per flight hour, and there are much more stringent safety related requirements for asymmetry,
disconnect or uncommanded movement.

In the civil airworthiness regulations, the following paragraphs are to be considered especially:

e 14 CFR/CS 25.697 (lift and drag devices, controls) (b) “Each lift and drag device control must be designed and located
to make inadvertent operation improbable...”

o 14 CFR/CS 25.699 (lift and drag device indicator)

e 14 CFR/CS 25.701 (flap and slat interconnection) i.e., (a) “Unless the airplane has safe flight characteristics with the
flaps or slats retracted on one side and extended on the other, the motion of flaps or slats on opposite sides of the plane
of symmetry must be synchronized by a mechanical interconnection or approved equivalent means...”

The respective paragraphs are also included in regulatory documents of other nations.

A similar wording also is adopted for Normal Category Airplane in Advisory Circular 23-17C to 14 CFR23 and the guidance
material to CS-23.
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Tables 3 to 10 present overviews of High Lift Systems as they are in current production. In the later sections, the systems

are presented in more detail with schematic diagrams.

Tables 1 and 2 provide the abbreviations that are used in overview.

Table 1 - System type and drive technology abbreviations used in overview

System Type Drive Concept Drive Power Transmission
S |Slat C |Central E Single Electric Drive | TTA | Torque Tube | STL | System Torque
Drive Unit Aluminum Limiter
DN | Droop W | Separate H Single Hydraulic TTS | Torque Tube | CF | Compliance
Nose Wing Drives Drive Steel
K | Krueger M | Multiple EA/EA | Duplex Electric Drive | TTC | Torque Tube | CL | Clutch
Flap Panel Drives (Active/Active) Composite
FF | Fowler P | Single Panel | HA/HA | Duplex Hydraulic TTT | Torque Tube | ETL | Electronic
Flap Drives Drive (Active/Active) Titanium Torque Limiting
SHF | Single S |Station EA/HA | Duplex Hybrid Drive TT |Torque Tube | HR | Hydraulic Flow
Hinge Flap Drives (Active/Active) general Restrictor
EA/EB | Duplex Electric Drive | FS | Flexible
(Active/Backup) Shafts
HA/HB | Duplex Hydraulic MC | Mechanical
Drive (Active/Backup) Cables
HA/EB | Duplex Hybrid Drive
(Active/Backup)
PA/EB | Duplex Hybrid Drive
(Pneumatic Active/
Electric Backup)
Table 2 - Actuation and output abbreviations used in overview
Actuator Type Actuator Torque Limiter Output Safety System
BSAN Ballscrew Actuators - TL |Torque Limiter C | Carriage HOF | Pressure-Off/ Brake
Translating Nut applied
BSAS Ballscrew Actuators - LL |Load Limiter L |Lever HON | Pressure-On/ Brake
Translating Screw applied
ASA ACME Screw Actuators | SD | Shear Device P | Pinion EOF | Electric Power-Off/
(Rack) Brake applied
GRA Geared Rotary MC | Mechanical | EON | Electric Power-On/
Actuators Cable Brake applied
HA Hydraulic Actuator CFB | Constant Friction
Brake
EMBA Electromechanic UCFB | Unidirectional Constant
Ballscrew Actuators Friction Brake
EMRA Electromechanic Rotary NB | Actuator Noback
Actuators
Brk | Other Type of Brake
HL | Hydraulic Lock

Full document details: SAE AIR6016
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3.2 Leading Edge Systems
Tables 3 to 6 summarize the Leading Edge Systems described in this report.
3.2.1 Leading Edge Systems - Airbus

Table 3 - Leading edge systems - Airbus - overview

Aircraft Panels Type of Actuation Transmission
Manu- Number/ Drive Drive Limiting
Para facturer Type Type Wing Concept | Power Type Device Comment
411 Airbus A300 (B2) S 3 Cc HA/HA TTS CL/STL Rivetted
(B4) K/S 1/3
41.2 A300-600 K/S 1/3 C HA/HA TTS CL/STL Rivetted
413 A310 K/S 1/3 C HA/HA TTS CL/STL Rivetted
41.4 A320 S 5 C HA/HA TTS None Welded
Family
4.1.5 A330/A340 S 7 Cc HA/HA | TTC/TTT/TTS CF/STL Ti for Compliance,
family Short Steel Shafts
4.1.6 A380 DN/S 2/6 Cc EA/HA | TTC/TTT/TTS | CF/STL/ Ti for Compliance,
ETL Short Steel Shafts
41.7 A400M N/A - - - - - -
41.8 A220 S 4 C HA/HA TTS - -
Aircraft Actuators Safety System
Manu- Number/
Para facturer Type Type Wing Limiter | Output Comment Type Comment
411 Airbus A300 (B2) HA/ 1/6 TL L NB
(B4) | BSAS
41.2 A300-600 HA/ 1/6 TL L HL/NB/ Noback for Extend
BSAS UCFB UCFB for Retract
41.3 A310 HA/ 1/6 TL L HL/HON
BSAS
41.4 A320 GRA 10 TL P HON
Family
41.5 A330/A340 | GRA 14 TL L/P inb'd slat lever HOF
family others pinion
4.1.6 A380 GRA 16 TL L/P DN lever HOF
others pinion
417 A400M N/A - - - - -
4.1.8 A220 GRA 8 TL L - HOF Skew detection
system
Documents
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3.2.2 Leading Edge Systems - Boeing
Table 4 - Leading edge systems - Boeing - overview
Aircraft Panels Type of Actuation Transmission
Manu- Number/ Drive Drive Limiting
Para facturer Type Type Wing Concept Power Type Device Comment
421 Boeing 717 S 5 C (Control) | HA/HA MC HR
W (Drive)

422 737 K 2 C (Control) | HA/HB - -

S 3 P (Drive)
423 747 K 3 M PA/EB TTA Riveted or EMF

S 10 4 per wing
424 757 S 5 C HA/EB TTA CF Shock Absorber
425 767 K 1 C (/B slat | HA/EB TTA I/B 1 slat and

and Kruger) 1 Kruger seal flap,
S 6 C (O/B slat) 5 O/B slat separate
drives

426 777 K 1 C HA/EB TTA STL Half System Torque

S 7 Limiter
4.2.7 | (McDonnell- | MD-11 S 8 C (I/B+D) HA MC

Douglas) D 1 M (O/B)
Aircraft Actuators Safety System
Manu- Number/
Para facturer Type Type Wing Limiter Output Comment Type Comment
421 Boeing 7 HA 4 - MC HOF Mechanical Latch
422 737 HA 5 - L HL
423 747 GRA/ 26/0 - L Kruger alt. w/ EOF
BSAN 20/3 duplex Rotary
or Ballscrew
424 757 GRA 10 TL P NB
425 767 GRA 13 T/L in Offset L Kruger with 1 NB
GB actuator
426 777 GRA 15 TL P Kruger w/ lever NB
L
4.2.7 | (McDonnell- | MD-11 HA 3 - MC N/A
Douglas)
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3.2.3 Leading Edge Systems - Bombardier
Table 5 - Leading edge systems - Bombardier - overview
Aircraft Panels Type of Actuation Transmission
Manu- Number/ | Drive Drive Limiting
Para facturer Type Type Wing | Concept | Power Type Device Comment
4.3.1 | Bombardier| CL300 N/A - - - - - -
43.2 CL600 N/A - - - - - -
43.3 Global S 4 C EA/EA TTA - -
Express
Aircraft Actuators Safety System
Manu- Number/
Para facturer Type Type Wing Limiter | Output | Comment Type Comment
4.3.1 | Bombardier | CL300 N/A - - - - - -
43.2 CL600 N/A - - - - - -
4.3.3 Global |BSAS 8 TL L - EOF -
Express
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3.24 Leading Edge Systems - Dornier, Embraer, Gulfstream, Lockheed, Sukhoi, Syber Jet
Table 6 - Leading edge systems - other aircraft - overview
Aircraft Panels Type of Actuation Transmission
Manu- Number/ | Drive Drive Limiting
Para | facturer Type Type Wing | Concept | Power Type Device Comment
441 Dornier Do-228 N/A - - - - - -
442 Do-328 N/A - - - - - -
451 | Embraer | ERJ 145 | N/A - - - - - -
Family

4.6.1 | Gulfstream G200 S 1 C E FS CF/ETL
4.7.1 | Lockheed L1011 S 7 C HA/HA TT CF/STL rivetted
4.8.1 Sukhoi SJ100 S 4 C EA/EA TTS ETL welded
4.9.1| SyberJet | SJ30-2 N/A - - - - - -

Aircraft Actuators Safety System

Manu- Number/
Para | facturer Type Type Wing Limiter | Output | Comment Type Comment
4.41 Dornier Do-228 N/A - - - - - -
442 Do-328 N/A - - - - - -
451 | Embraer | ERJ 145 | N/A - - - - - -
Family

4.6.1

4.71

4.8.1

4.9.1

Gulfstream

Lockheed

Sukhoi

Syber Jet

G200

L1011

SJ100

SJ30-2

BSAS

BSAN

GRA

N/A

TL

TL

TL

NB/EOF

Brk

EOF

centrifugal
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3.3 Trailing Edge Systems
Tables 7 to 10 summarize the Trailing Edge Systems described in this report:
3.3.1 Trailing Edge Systems - Airbus

Table 7 - Trailing edge systems - Airbus - overview

Aircraft Panels Type of Actuation Transmission
Manu- Number/ Drive Drive Limiting
Para facturer Type Type Wing Concept | Power Type Device Comment
411 Airbus A300 FF 3 C HA/HA TTS CL/STL Rivetted
41.2 A300-600 FF 3 C HA/HA TTS CL/STL Rivetted
413 A310 FF 2 C HA/HA TTS CL/STL Rivetted
41.4 A320 FF 2 C HA/HA TTS None Welded
Family
4.1.5 A330/A340 FF 2 C HA/HA | TTC/TTT/TTS CF/STL Ti for Compliance,
family Short Steel Shafts
4.1.6 A380 FF 3 C HA/HA | TTC/TTT/TTS | CF/STL/E Ti for Compliance,
Short Steel Shafts
41.7 A400M SHF 2 C HA/HA TTC None
41.8 A220 FF 2 C HA/HA TTS
Aircraft Actuators Safety System
Manu- Number/
Para facturer Type Type Wing Limiter | Output Comment Type Comment
411 Airbus A300 BSAN 6 TL C NB
41.2 A300-600 | BSAN 6 TL C NB
41.3 A310 BSAN 4 TL C HON
414 A320 GRA 4 TL L HON Panel connection w/
Family skew detection
41.5 A330/A340 | GRA 5 TL L HOF Panel connection w/
Family skew detection
4.1.6 A380 GRA 6 TL L HOF Panel connection w/
skew detection
417 A400M BSAN 4 TL L HOF
4.1.8 A220 GRA 4 TL L HOF Skew detection
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3.3.2 Trailing Edge Systems - Boeing

Table 8 - Trailing edge systems - Boeing - overview

Aircraft Panels Type of Actuation Transmission
Manu- Number/ Drive Drive Limiting
Para facturer Type | Type Wing Concept Power Type Device Comment
421 Boeing 77 SHF 1 C (control) H -
S (drive)
422 737 FF 2 C HA/EB TTA
423 747 FF 2 C for I/B HA/EB TTA
C for O/B
424 757 FF 2 C HA/EB TTA
425 767 FF 2 C HA/EB TTA
426 777 FF 2 C HA/EB TTA EMF torque tubes
427 | (McDonnell- | MD-11 FF 2 C (control) H -
Douglas) S (drive)
Aircraft Actuators Safety System
Manu- Number/
Para facturer Type | Type Wing Limiter Output Comment Type Comment
421 Boeing 717 HA 4 - L -
422 737 BSAN 4 T/L L NB (partly) | Noback only on I/B
station of each flap
423 747 BSAN 4 TL C NB (partly) | Noback only on I/B
station of each flap
424 757 | BSAN 4 TL/SD C NB
425 767 GRA 4 TL L NB
426 777 BSAN 4 TL L NB/UCFB 1 noback brake per
wing + act. NB
4.2.7 | (McDonnell- | MD-11 HA 8 LL (hyd) L
Douglas)
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3.3.3

Trailing Edge Systems - Bombardier

Table 9 - Trailing edge systems - Bombardier - overview

Aircraft Panels Type of Actuation Transmission
Manu- Number/ | Drive Drive Limiting
Para | facturer Type Type Wing | Concept | Power Type Device Comment
4.3.1 | Bombardier | CL300 FF 1 C HA/HB FS/TTS CF First shaft flexible
4.3.2 CL600 FF 2 C EA/EA FS
4.3.3 Global FF 3 C EA/EA TTA Electric Interconnection of
Express panels at BSAs
Aircraft Actuators Safety System
Manu- Number/
Para | facturer Type Type Wing Limiter | Output | Comment Type Comment
4.3.1 | Bombardier | CL300 |BSAN 2 TL C HOF
43.2 CL600 |BSAN 4 TL L EOF
4.3.3 Global |BSAS 4 TL C EOF Skew detection w/
Express position sensors
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3.3.4 Trailing Edge Systems - Dornier, Embraer, Gulfstream, Lockheed, Sukhoi, Syber Jet

Table 10 - Trailing edge systems - other aircraft - overview

Aircraft Panels Type of Actuation Transmission
Manu- Number/ | Drive Drive Limiting
Para | facturer Type Type Wing | Concept | Power Type Device Comment
441 | Dornier Do-228 FF 1 C E FS STL
442 Do-328 FF 1 P H TTC Interconnection of
panels
45.1| Embraer | ERJ 145 FF 2 C EA/EA FS CF/ETL
Family
4.6.1 | Gulfstream G200 FF 2 C E FS CF/ETL
4.7.1 | Lockheed L1011 FF 4 C HA/HA TT STL
481 Sukhoi SJ100 FF 2 C EA/EA TTS ETL Welded
4.9.1 | Syber Jet SJ30-2 FF 1 C E TTA CL Magneformed
Aircraft Actuators Safety System
Manu- Number/
Para | facturer Type Type Wing Limiter | Output | Comment Type Comment
441 | Dornier Do-228 |BSAN 2 L EOF
442 Do-328 HA 1 L NB Hydraulic lock
451 | Embraer | ERJ 145 |BSAN 4 TL C EOF
Family

4.6.1 | Gulfstream G200 TL C NB/EOF
4.7.1 | Lockheed L1011 BSAN 8 TL C telescoping Brk Centrifugal
4.8.1 Sukhoi SJ100 |BSAN 4 TL C EOF
4.9.1 | Syber Jet SJ30-2 | GRA 2 TL L Worm/ Complex Irreversible Worm
Wheel Electronic | Position Monitoring
Hardware System
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4. DETAILED SYSTEM DESCRIPTION

In the following sections, the detailed systems schematics are presented as they were made available by aircraft
manufacturers or system suppliers.

4.1 Airbus
411 Airbus A300 B2/B4
4.1.1.1 A300 Aircraft Characteristics

The aircraft family consists of the A300B1, A300B2, and A300B4 and was the first aircraft designed by the Airbus company.
It is a Wide Body Aircraft with medium range and a typical capacity between 250 and 300 passengers.

4.1.1.2 A300 System Characteristics

The leading edge incorporates three slat panels per wing, being operated through Ballscrew actuators acting on a guided
track panel and one inboard Kruger Flap on A-300B4 being operated with a single hydraulic RAM. The trailing edge
comprises of two double slotted Fowler panels per wing being guided through a track and aft linkage system in Main-Vane
Configuration.

The High Lift Systems (Leading and Trailing Edge) are controlled through a mechanical input which controls the manifolds
of two hydraulic motors on each Power Drive Unit with integrated Pressure-Off brakes and coupled by a speed summing
differential gearbox. Excessive torque is limited by a slipping clutch. Each Power Drive Unit is operated in an active/active
mode.

Hydraulic control is performed through the mechanical cable input from the cockpit control lever. Sequencing of the slat and
flap control is achieved through a cam box which itself changes the input from the mechanical cable into the mechanical
signal operating a hydro-mechanical control valve connected to the 3000 psi (20690 kPa) systems.

Power to the panels is transmitted with a rigid torque tube steel shaft transmission also serving as a mechanical
interconnection for all stations. A torsion bar torque limiter stopping the system through a wedged roller design limits the
output torque to each wing’s driveline. The transmission also includes shock absorbers.

There are two linear actuators per panel partly incorporating no back devices. The slat actuators are of translating screw
design incorporate torque limiters, a torsion bar design torque limiter acting on wedged rollers and a single stage grease
lubricated gear. The flap actuators include an offset gearbox, a torque limiting device and a dual stage grease lubricated
gearbox. Flap actuators number 2 to 6 include the no-back device. The number 3 actuator acts in tension direction only and
the number 2 actuator incorporates a lifter to reduce the drag.

Safety against shaft rupture and back driving is achieved with the help of nobacks in each ballscrew actuator.

The system monitors for asymmetry using Syncro type sensors and stops operation in case of failure.

Documents

Document Sharing Hub

Full document details: SAE AIR6016


http://www.avadocuments.com/doc/sae-air6016
http://www.avadocuments.com/doc/sae-air6016

SAE INTERNATIONAL

AIR6016™

Page 16 of 71

4.1.1.3 A300 Equipment Details

Table 11 - Airbus A300 B2/B4 equipment overview

Number
Equipment Name Off Details
High Lift System General
Cockpit Lever 1 | 1 Lever assembly with 5 detent positions
Leading Edge Slat System
Power Drive Unit 1 2 hydraulic motors with pressure off brakes
(named Slat Control Unit) 2 manifolds controlled with central mechanical input
Speed summing differential gearbox
Central output
Dual channel sensor for cockpit indication
Transmission System 1 Rigid steel shafts
Articulating spline joints and universal joints
1 T-Gearbox
2 Half system torque limiter
2 Bevel gearboxes
4 Line gearboxes
Ballscrew Actuators 12 Translating screw shaft
Single load path
Single acting noback preventing unwanted extension
Incorporating station torque limiting
Wing Tip Brakes 2 Unidirectional friction brakes preventing retraction
Asymmetry Sensors 2 Dual channel potentiometer-type
Krueger Actuators (A300B-4 only) 2 Single load path hydraulic actuators
Hydraulic lock preventing unwanted extension
Trailing Edge Flap System
Power Drive Unit 1 Same concept as for leading edge slat system
(named Flap Control Unit) Difference: dual output
Transmission System 1 Rigid steel shafts
Articulating spline joints and universal joints
2 Half system torque limiter
6 Bevel gearboxes
2 Line gearboxes
Shock absorbers
Ballscrew Actuator Stations 8 Translating ballnut
Double load path (Fail Safe)
Nobacks (on station 2 and 4 to 6 double acting, only in
tensile direction on station 3)
Incorporating down drives and station torque limiting
Asymmetry Sensors 2 Dual channel Synchro type

4.1.2  Airbus A300-600

4.1.2.1  A300-600 Aircraft Characteristics

The aircraft is a derivative of the A300-B2/B4 aircraft with a modernized High Lift system partly based on the Airbus A310
system developed some years earlier incorporating the fly-by-wire control (electrically signaled and controlled).

4.1.2.2 A300-600 System Characteristics

The panel layout is identical to that of the A300 B2/B4 aircraft. The difference in the system is mainly based on some

advantages originally introduced in the Airbus A310 system (see below).
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4.1.2.3 A300-600 Equipment Details

Table 12 - Airbus A300-600 equipment overview

Number
Equipment Name Off Details
High Lift System General
Cockpit Lever 1 1 Lever assembly with 5 detent positions
Control Computers 2 Control/monitor architecture
Processor operated, software based
Leading Edge Slat System
Power Drive Unit 1 2 Hydraulic motors with pressure off brakes applied
(named Slat Control Unit) 2 Manifolds controlled with central mechanical input
Speed summing differential gearbox
Central output
2 Dual channel sensor, one each for loop closure and
cockpit indication
Transmission System 1 Rigid steel shafts
Articulating spline joints and universal joints
1 T-Gearbox
2 Half system torque limiter
2 Bevel gearboxes
4 Line gearboxes
Ballscrew Actuators 12 Translating screw shaft
Single load path
Noback preventing unwanted extension
Incorporating station torque limiting
Wing Tip Brakes 2 Unidirectional friction brakes preventing retraction
Asymmetry Sensors 2 Dual channel Synchro-type
Krueger Actuators 2 Single load path hydraulic actuators
Hydraulic lock preventing unwanted extension
Trailing Edge Flap System
Power Drive Unit 1 Same concept as for Leading Edge Slat System
(named Flap Control Unit) Difference: dual output
Transmission System 1 Rigid steel shafts
Articulating spline joints and universal joints
2 Half system torque limiter
6 Bevel gearboxes
2 Line gearboxes
Ballscrew Actuator Stations 8 Translating ballnut
Double load path (Fail Safe)
Nobacks (on station 2 and 4 to 6 double acting, only in
tensile direction on station 3)
Incorporating down drives and station torque limiting
Asymmetry Sensors 2 Dual channel Synchro type
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4.1.24 A300-600 System Schematics
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Figure 1 - Airbus A300-600 highlift system
4.1.3 Airbus A310
4.1.3.1 A310 Aircraft Characteristics

The aircraft was developed based on the same fuselage as the Airbus A300, but with a reduced size and an improved wing

design to be optimized mainly for extended medium range. The aircraft type was later certified for ETOPS and has a capacity
of approximately 200 passengers.

4.1.3.2 A310 System Characteristics

The panel layout is identical to that of the A300 B2/B4 aircraft. The High Lift system has been modernized as it was
completely changed over into an electrically signaled and controlled layout, even though some units are based on those

installed on the A300 aircraft. Also the application of active Wing Tip Brakes for the fulfillment of the safety concept was
new.
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4.1.3.3 A310 Equipment Details

Table 13 - Airbus A310 equipment overview

Number
Equipment Name Off Details
High Lift System general
Cockpit Lever 1 1 Lever Assembly assembly with 5 detent positions
Control Computers Control/monitor architecture
Processor operated, software based
Leading Edge Slat System
Power Drive Unit 1 2 Hydraulics motors with pressure off/brake applied
(named Power Control Unit) 2 Manifolds controlled with solenoid valves
Speed summing differential gearbox
Central output
2 Dual channel sensors, one for loop closure and cockpit
indication
Transmission System 1 Rigid steel shafts
Articulating spline joints and universal joints
1 T-Gearbox
2 Half system torque limiter
2 Bevel gearboxes
4 Line gearboxes
Ballscrew Actuators 12 Translating screw shaft
Single load path
Incorporating station torque limiting
Wing Tip Brakes 2 Hydraulic safety brakes of pressure on/brake applied type
Asymmetry Sensors 2 Dual channel Synchro type
Krueger Actuators 2 Single load path hydraulic actuators
Hydraulic lock preventing unwanted extension
Trailing Edge Flap System
Power Drive Unit 1 Same concept as for Leading Edge Slat System
(named Power Control Unit) Difference: dual output
Transmission System 1 Rigid steel shafts
Articulating spline joints and universal joints
2 Half system torque limiter
4 Bevel gearboxes
2 Line gearboxes
2 Kink steady bBearings
Ballscrew Actuator Stations 8 Translating ballnut (screw shaft is connected with
universal joint to jackhead on station 2 to 4)
Double load path (failsafe type)
Incorporating down drives and station torque limiting
Wing Tip Brakes 2 Hydraulic safety brakes of pressure on/brake applied type
Asymmetry Sensors 2 Dual channel Synchro type
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4.1.3.4 A310 System Schematics
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Figure 2 - Airbus A310 high lift system
4.1.4  Airbus A320 Family
4.1.41  A320 Family Aircraft Characteristics

The aircraft family consists of the following aircraft: A318, A319, A320, and A321 and their variations designated by dash
numbers. The A320 family was designed as a single aisle, short to medium range aircraft with a typical seating capacity
between 107 and 220 passengers. There are also long range and business jet versions on the market.

4.1.4.2 A320 Family System Characteristics

The leading edge incorporates five slat panels per wing, being operated through a rack and pinion drive. The trailing edge
comprises of two Fowler panels per wing being guided through a front link and track system. For the A321 the flaps are
designed in a double slotted Main-Vane Configuration. For all other family members, only single slotted flaps were used.

The High Lift Systems (Leading and Trailing Edge) is fully electrically signaled, controlled and monitored by two software
based two channel controllers. They control two hydraulic motors on each Power Drive Unit with integrated Pressure-Off
brakes coupled by a speed summing differential gearbox. Each Power Drive Unit is operated in an active/active mode.
Hydraulic control is performed through solenoid valves operating a hydro-mechanical control valve connected to the
3000 psi (20690 kPa) systems.

Power to the panels is transmitted with a rigid torque tube steel shaft transmission also serving as a mechanical
interconnection for all stations.

There are two rotary actuators per panel without Nobacks which incorporate a ball ramp design torque limiter acting on
friction discs. The slat actuators drive through a set of grease lubricated planetary gears arranged around the through shaft.
The flap actuators include an offset gearbox, and a dual stage grease or Semi-Fluid lubricated gearbddOCUMeNts
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Safety against shaft rupture, overspeed and back driving is achieved with the help of dual channel (fail operational)
Redundant Wing Tip Brakes working in the pressure-on/brake applied mode.

The system electronically monitors for asymmetry, overspeed, uncommanded motion and jam conditions.
4.1.4.3 A320 Equipment Details

Table 14 - Airbus A320 family equipment overview

Number
Equipment Name Off Details
High Lift System general
Cockpit Lever 1 1 Lever assembly with 5 detent positions (1 gated)
Control Computers 2 Control/monitor architecture
Processor operated, software based
Leading Edge Slat System
Power Drive Unit 1 2 Hydraulic motors with pressure off brakes
(named Power Control Unit) 2 Manifolds controlled with solenoid valves
Speed summing differential gearbox
Central output
2 Dual channel sensors, one each for loop closure and
cockpit indication
Transmission System 1 Rigid shafts
Articulating spline joints and universal joints
1 T-Gearbox
5 Bevel gearboxes
Plug-In Type Geared Rotary Actuators 20 Single load path
Incorporating station torque limiting
Wing Tip Brakes 2 Dual channel - hydraulically powered - solenoid operated
Pressure on - brake applied type
Asymmetry Sensors 2 Dual channel Synchro-type
Trailing Edge Flap System
Power Drive Unit 1 Same concept as for Leading Edge Slat System
(named Power Control Unit) Difference: dual output
Transmission System 1 Rigid shafts
Articulating spline joints
6 Bevel gearboxes
2 Line gearboxes
Ballscrew Actuator Stations 8 Single load path
Incorporating station torque limiting
Wing Tip Brakes 2 Dual channel - hydraulically powered - solenoid operated
Pressure on - brake applied type
Asymmetry Sensors 2 Dual channel
Interconnection Links 2 Secondary load path
Skew detection through proximity switches
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4.1.4.4 A320 Family System Schematics
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Figure 3 - Airbus A320 family aircraft - high lift system (aircraft view)
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Figure 4 - Airbus A320 family aircraft - high lift system (signal view)
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