
Gliding Australia Ltd 

ACN 698 328 960 

 

 

 

 

 
 

AIRW-M005 

Basic Sailplane Engineering  
 

Version 25.1  

 

 

 

 

 

All references to Gliding Australia in this document means Gliding Australia Ltd. 

UNCONTROLLED WHEN PRINTED 

Copyright © Gliding Australia Ltd. 

  



Basic Sailplane Engineering, AIRW-M005 

 

Version 25.1  Date of Issue: 01/06/26 Page 2 of 415 

 Uncontrolled if Printed 

 

REVISION RECORD 
 

Prepared  Approved  Version  Date 

Kevin Wilson CAP 25.1 01/06/26 

Précis of changes: 

All references to GFA replaced with GAus and appointment holder titles updated. 

Renumbering of Chapters.  (Chapter 16 óTow Release Maintenanceô number not changed to provide 
continuity). 

Chapter 16 óTow Release Maintenanceô revisions, including new version of Appendix B form and 
incorporates AN174. 

Chapter 20 Appendix A óGAus altimeter & ASI test kit instructionsô removed, now provided with test kits.  
New Appendix A ñCommon altimeter calibration adjustmentô added. 

Chapter 23 óFlarm and other electronic conspicuity systemsô added. 

Removed chapters: óWooden construction, repair and maintenanceô and óSailplane Fabric inspection and 
repairô. 

 

Various CAD 24.1 24/05/23 

Précis of changes: 

Correction of minor errors throughout.   

Chapter 16 mandatory policy for sailplane release springs moved to MOSP 3 Section 13.3 and 23. 

Additions to Chapter 20 Electrical Systems and Chapter 11 Flutter.  Chapter 27 óRadios, Antennas and 
Avionicsô and Chapter 28 óLôHotellier Connectorsô added. 
 

Various CAD 24 08/09/17 

Précis of changes: 

Correction of minor errors throughout. Many chapters have been extensively updated. Mainly with a view 
to incorporating AD and AN requirements and referencing MOSP 3 V7. 

Sean Jorgensen-Day Vice-President 23 10/4/16 

Précis of changes: 

Created electronic version of BSE and modernisation of all Chapters to cover current practices. 

 

 

 

 

 

  



Basic Sailplane Engineering, AIRW-M005 

 

Version 25.1  Date of Issue: 01/06/26 Page 3 of 415 

 Uncontrolled if Printed 

TABLE OF CONTENT  

1 INTRODUCTION .................................................................................................. 23 

1.1 ACKOWLEDGEMENT .................................................................................................... 23 

1.2 AMENDMENTS TO THIS MANUAL ............................................................................... 23 

1.3 PRIORITY OF PROCEDURES ...................................................................................... 23 

1.4 DEFINITIONS ................................................................................................................. 24 

1.5 DOCUMENT CHANGE PROPOSAL ............................................................................. 25 

2 TERMINOLOGY ................................................................................................... 26 

2.1 SAILPLANE COMPONENTS ......................................................................................... 26 

2.2 SAILPLANE GEOMETRY .............................................................................................. 27 

2.3 HORIZONTAL STABILISER........................................................................................... 27 

2.4 WOODEN STRUCTURES ............................................................................................. 28 

2.5 METAL STRUCTURES .................................................................................................. 31 

2.6 FIBRE REINFORCED PLASTIC (FRP) CONSTRUCTION ........................................... 32 

2.7 STEEL TUBE CONSTRUCTION ................................................................................... 34 

3 INSPECTIONS ..................................................................................................... 35 

3.1 THE INSPECTION REGIME .......................................................................................... 35 

3.2 SYSTEMIC AND HUMAN FACTORS ............................................................................ 36 

3.2.1 CLUB STRUCTURE ....................................................................................................... 36 

3.2.2 FINANCE ........................................................................................................................ 36 

3.2.3 WORKLOAD ................................................................................................................... 36 

3.2.4 COMPETENCY OF HELPERS ...................................................................................... 36 

3.2.5 INSPECTOR SUITABILITY ............................................................................................ 36 

3.2.6 LACK OF TECHNICAL INFORMATION ........................................................................ 37 

3.3 THE ANNUAL INSPECTION PROCESS ....................................................................... 37 

3.3.1 PREPARATIONS ........................................................................................................... 37 

3.3.2 PRE-INSPECTION REVIEW OF DOCUMENTATION ................................................... 38 

3.3.3 AIRCRAFT OVERVIEW ................................................................................................. 39 

3.3.4 FUNCTIONAL CHECKS ................................................................................................. 40 

3.3.5 CHECKS AFTER RIGGING THE SAILPLANE .............................................................. 42 

3.4 DOCUMENTING THE INSPECTION OUTCOME ......................................................... 43 

3.4.1 THE LOGBOOK ENTRY ................................................................................................ 43 

3.4.2 OTHER SECTIONS OF THE LOGBOOK ...................................................................... 43 

3.4.3 OTHER GUIDANCE ....................................................................................................... 44 

3.5 EVALUATION FLYING ................................................................................................... 45 

3.5.1 EVALUATION PILOT AUTHORISATION. ...................................................................... 45 

3.5.2 PREFLIGHT PROCEDURES ......................................................................................... 45 



Basic Sailplane Engineering, AIRW-M005 

 

Version 25.1  Date of Issue: 01/06/26 Page 4 of 415 

 Uncontrolled if Printed 

3.5.3 FLIGHT PROCEDURES ................................................................................................ 46 

3.5.4 LAUNCH ......................................................................................................................... 46 

3.5.5 FUNCTIONAL CHECK ................................................................................................... 46 

3.5.6 GENERAL HANDLING ................................................................................................... 46 

3.5.7 RUN TO VNE ................................................................................................................... 46 

3.5.8 STALL - STRAIGHT AND LEVEL .................................................................................. 46 

3.5.9 STALL - TURNING ......................................................................................................... 47 

3.5.10 PITCH STABILITY .......................................................................................................... 47 

3.5.11 TURN STABILITY ........................................................................................................... 47 

4 WORKSHOP PRACTICE ..................................................................................... 48 

4.1 GENERAL....................................................................................................................... 48 

4.2 SAFETY .......................................................................................................................... 48 

4.2.1 CHEMICALS ................................................................................................................... 48 

4.2.2 MANUAL HANDLING ..................................................................................................... 48 

4.2.3 SLINGING AND SUPPORTS ......................................................................................... 49 

4.2.4 HOUSEKEEPING ........................................................................................................... 49 

4.2.5 WORKSHOP FACILITIES .............................................................................................. 49 

4.3 EQUIPMENT .................................................................................................................. 49 

4.3.1 WORKSHOP EQUIPMENT ............................................................................................ 49 

4.3.2 HAND TOOLS ................................................................................................................ 49 

4.4 DISASSEMBLY .............................................................................................................. 50 

4.5 STORAGE OF PARTS ................................................................................................... 50 

4.6 FOREIGN OBJECTS ...................................................................................................... 50 

4.6.1 TOOL CONTROL ........................................................................................................... 51 

4.7 REASSEMBLY ............................................................................................................... 51 

5 SAILPLANE MATERIALS  ................................................................................... 52 

5.1 GENERAL....................................................................................................................... 52 

5.2 MATERIALS ................................................................................................................... 52 

5.3 FRP CONSTRUCTION .................................................................................................. 52 

5.3.1 GENERAL COMPOSITE INSPECTION TECHNIQUES ................................................ 53 

5.3.2 GLASS REINFORCED PLASTIC ................................................................................... 53 

5.3.3 CARBON FIBRE AND KEVLAR REINFORCED PLASTIC (CFRP AND KRP) ............. 53 

5.3.4 DELAMINATION ............................................................................................................. 53 

5.3.5 CRACKING ..................................................................................................................... 54 

5.3.6 FAILURE OF SANDWICH MATERIALS ........................................................................ 54 

5.3.7 GELCOAT CRACKS ...................................................................................................... 54 

5.4 WOOD CONSTRUCTION .............................................................................................. 54 

5.4.1 COMPRESSION SHAKES ............................................................................................. 54 



Basic Sailplane Engineering, AIRW-M005 

 

Version 25.1  Date of Issue: 01/06/26 Page 5 of 415 

 Uncontrolled if Printed 

5.4.2 DRY ROT........................................................................................................................ 55 

5.4.3 GLUE FAILURE .............................................................................................................. 55 

5.4.4 FAILURE OF FABRIC COVERINGS ............................................................................. 56 

5.5 METAL CONSTRUCTION .............................................................................................. 56 

5.5.1 RIVET FAILURE ............................................................................................................. 56 

5.5.2 FATIGUE CRACKING .................................................................................................... 57 

5.5.3 BUCKLING ..................................................................................................................... 58 

5.5.4 INTER-RIVET BUCKLING .............................................................................................. 58 

5.5.5 CORROSION ................................................................................................................. 58 

5.5.6 FAILURE OF STEEL TUBES ......................................................................................... 59 

5.6 METAL FITTINGS .......................................................................................................... 59 

5.7 REFERENCES ............................................................................................................... 59 

6 LOADS ON SAILPLANES  ................................................................................... 61 

6.1 GENERAL....................................................................................................................... 61 

6.2 MANOEUVRING LOADS ............................................................................................... 61 

6.2.1 SYMMETRICAL LOADS ................................................................................................ 61 

6.2.2 LOADS IN THE SAILPLANE (SYMMETRICAL MANOEUVRING) ................................ 62 

6.2.3 ASYMMETRIC LOADS .................................................................................................. 63 

6.3 GUST LOADS ................................................................................................................ 64 

6.4 LAUNCHING LOADS ..................................................................................................... 64 

6.4.1 WINCH LAUNCHING LOADS ........................................................................................ 65 

6.5 HEAVY LANDING AND GROUND LOOP LOADS ........................................................ 65 

7 FLIGHT OVERLOAD  ........................................................................................... 66 

7.1 GENERAL....................................................................................................................... 66 

7.1.1 WINCH LAUNCHING ..................................................................................................... 67 

7.2 WHEN CAN OVERLOAD OCCUR? ............................................................................... 67 

7.3 FLIGHT OVERLOAD INSPECTION ............................................................................... 68 

7.4 FRP OVERLOAD INDICATION...................................................................................... 69 

7.5 OTHER INSPECTION TECHNIQUES ........................................................................... 69 

7.5.1 SOUND ........................................................................................................................... 69 

7.5.2 FEEL ............................................................................................................................... 69 

7.5.3 SIGHT ............................................................................................................................. 69 

7.6 GELCOAT CRACKS ...................................................................................................... 69 

7.7 CARBON REINFORCED PLASTIC ............................................................................... 70 

7.8 INTERNAL INSPECTION TOOLS ................................................................................. 70 

7.9 WING LIFT PINS ............................................................................................................ 70 

7.10 MAINSPAR PINS AND BEARINGS ............................................................................... 71 

7.11 CRACKS IN WING FITTINGS ........................................................................................ 71 



Basic Sailplane Engineering, AIRW-M005 

 

Version 25.1  Date of Issue: 01/06/26 Page 6 of 415 

 Uncontrolled if Printed 

8 INSPECTION AFTER HARD LANDINGS  ............................................................ 72 

8.1 GENERAL....................................................................................................................... 72 

8.2 THE MECHANICS OF HARD LANDINGS ..................................................................... 72 

8.2.1 TAIL FIRST ..................................................................................................................... 72 

8.2.2 MAIN WHEEL FLY ON ................................................................................................... 73 

8.2.3 NOSE FIRST .................................................................................................................. 73 

8.2.4 NOSE FIRST ï MAIN WHEEL BEHIND CG .................................................................. 74 

8.2.5 OVERBRAKING ON THE GROUND ROLL ................................................................... 75 

8.2.6 GROUND LOOPS .......................................................................................................... 75 

8.3 THE PILOT ..................................................................................................................... 75 

8.4 STRUCTURAL DAMAGE ............................................................................................... 76 

8.4.1 ALL TYPES .................................................................................................................... 76 

8.4.2 FRP ................................................................................................................................. 76 

8.4.3 WOOD ............................................................................................................................ 77 

8.4.4 METAL ............................................................................................................................ 77 

8.4.5 STEEL TUBE .................................................................................................................. 77 

8.4.6 MOTOR GLIDERS ......................................................................................................... 77 

8.5 CASE STUDIES ............................................................................................................. 78 

8.6 REFERENCES ............................................................................................................... 78 

9 FATIGUE .............................................................................................................. 79 

9.1 GENERAL....................................................................................................................... 79 

9.2 FATIGUING LOADS ....................................................................................................... 79 

9.3 DAY TO DAY FATIGUE ................................................................................................. 79 

9.4 POOR WORKMANSHIP - INDUCING FATIGUE........................................................... 80 

9.5 BEHAVIOR OF MATERIALS ......................................................................................... 80 

9.5.1 WOOD ............................................................................................................................ 80 

9.5.2 FIBRE REINFORCED PLASTIC .................................................................................... 81 

9.5.3 METAL ............................................................................................................................ 81 

10 FLUTTER ............................................................................................................. 83 

10.1 WHAT IS FLUTTER ....................................................................................................... 83 

10.2 FACTORS AFFECTING FLUTTER ................................................................................ 84 

10.3 CONTROL SURFACE FLUTTER .................................................................................. 84 

10.3.1 INCORRECT CONTROL SURFACE BALANCE ........................................................... 85 

10.3.2 EXCESS FREE PLAY .................................................................................................... 86 

10.3.3 REDUCED CONTROL CIRCUIT STIFFNESS ............................................................... 86 

10.3.4 FRICTION ....................................................................................................................... 86 

10.3.5 REDUCED STRUCTURAL STIFFNESS FROM DAMAGE ........................................... 86 



Basic Sailplane Engineering, AIRW-M005 

 

Version 25.1  Date of Issue: 01/06/26 Page 7 of 415 

 Uncontrolled if Printed 

10.3.6 WATER BALLAST .......................................................................................................... 87 

10.3.7 GAP SEALING TAPE ..................................................................................................... 87 

10.3.8 SPEED............................................................................................................................ 87 

10.4 WING FLUTTER AND WINGLETS ................................................................................ 88 

10.5 FLUTTER PREVENTION ............................................................................................... 88 

10.5.1 MEASURING CONTROL SURFACE BALANCE AND MASS ....................................... 88 

10.5.2 RECTIFICATION OF CONTROL SURFACES OUTSIDE MANUFACTURERôS 

LIMITS ............................................................................................................................ 89 

10.6 DUSTER'S DEMISE - A FLUTTER CASE HISTORY .................................................... 89 

10.7 REFERENCES ............................................................................................................... 90 

11 CONTROL CIRCUIT RIGGING ............................................................................ 91 

11.1 GENERAL....................................................................................................................... 91 

11.2 CONTROL SURFACE TRAVEL ..................................................................................... 91 

11.2.1 CHECKING TRAVEL ...................................................................................................... 91 

11.2.2 ELEVATOR TRAVEL ..................................................................................................... 91 

11.2.3 RUDDER TRAVEL ......................................................................................................... 92 

11.2.4 AILERON TRAVEL ......................................................................................................... 92 

11.2.5 TRIM TAB TRAVEL ........................................................................................................ 92 

11.3 SETTING UP A CONTROL SYSTEM ............................................................................ 92 

11.4 CONTROL SYSTEM STOPS ......................................................................................... 92 

11.5 CONTROL SYSTEM FREEPLAY .................................................................................. 93 

11.6 CONTROL SYSTEM FRICTION .................................................................................... 94 

11.7 ENDFLOAT OF CONTROL SURFACES ....................................................................... 95 

11.8 CONTROL SYSTEM STIFFNESS ................................................................................. 95 

11.9 GAP SEALS ................................................................................................................... 95 

11.10 PUSH ROD RIGGING .................................................................................................... 96 

11.10.1 ROD END SAFETY ........................................................................................................ 96 

11.10.2 ROD END ALIGNMENT ................................................................................................. 97 

11.11 AIRCRAFT GEOMETRY ................................................................................................ 97 

11.11.1 CHECKING RIGGING ANGLES .................................................................................... 97 

11.11.2 WING-TAILPLANE ANGLE ............................................................................................ 98 

11.11.3 DIHEDRAL...................................................................................................................... 98 

11.11.4 WASHOUT ..................................................................................................................... 98 

11.11.5 WING TO FUSELAGE .................................................................................................... 98 

11.11.6 TAILPLANE TO FUSELAGE .......................................................................................... 98 

11.11.7 FIN ANGLE ..................................................................................................................... 98 

11.12 STRUCTURAL FREEPLAY............................................................................................ 99 

11.12.1 TANGENTIAL PLAY OF WINGS ................................................................................... 99 



Basic Sailplane Engineering, AIRW-M005 

 

Version 25.1  Date of Issue: 01/06/26 Page 8 of 415 

 Uncontrolled if Printed 

11.12.2 TAILPLANE .................................................................................................................... 99 

11.13 CONTROL CIRCUIT FLUTTER ..................................................................................... 99 

11.14 REFERENCES ............................................................................................................. 100 

12 NUTS, BOLTS AND HARDWARE  ..................................................................... 101 

12.1 INTRODUCTION .......................................................................................................... 101 

12.2 TYPES OF BOLTS ....................................................................................................... 101 

12.2.1 DIN STANDARD ........................................................................................................... 101 

12.2.2 ONL STANDARD (FITTED TO BLANIKS) ................................................................... 102 

12.2.3 EUROPEAN AIRCRAFT STANDARD BOLT ............................................................... 104 

12.2.4 AN (ARMY NAVY) OR MS (MILITARY SPECIFICATION) .......................................... 104 

12.2.5 BSF (BRITISH STANDARD FINE) ............................................................................... 106 

12.2.6 BA (BRITISH ASSOCIATED) ....................................................................................... 106 

12.2.7 AUSTRALIAN COMMERCIAL BOLTS ......................................................................... 106 

12.3 INSPECTION OF BOLTS ............................................................................................. 107 

12.4 BOLTING PRACTICE ................................................................................................... 107 

12.4.1 BOLTING WOODEN STRUCTURES .......................................................................... 108 

12.4.2 BOLT TORQUES ......................................................................................................... 108 

12.5 SAFETYING OF BOLTS .............................................................................................. 108 

12.5.1 ELASTIC LOCK NUTS ................................................................................................. 109 

12.5.2 OTHER LOCK NUTS ................................................................................................... 109 

12.5.3 REDUCED HEIGHT LOCK NUTS ............................................................................... 109 

12.5.4 CASTELLATED NUTS ................................................................................................. 110 

12.5.5 SAFETY WIRING ......................................................................................................... 110 

12.5.6 JAM NUTS .................................................................................................................... 111 

12.5.7 PUNCH LOCKING ........................................................................................................ 111 

12.5.8 LOCTITE....................................................................................................................... 112 

12.5.9 TAB WASHERS ........................................................................................................... 112 

12.6 WASHERS.................................................................................................................... 112 

12.7 CLEVIS PINS ............................................................................................................... 113 

12.8 ROLL PINS ................................................................................................................... 113 

12.9 TORQUE ...................................................................................................................... 113 

12.9.1 NUT FRICTION AND TORQUE ................................................................................... 114 

12.9.2 SPANNER LENGTH ..................................................................................................... 114 

12.10 REPLACING HARDWARE ........................................................................................... 114 

12.11 REFERENCE AND FURTHER READING ................................................................... 114 

13 LUBRICATION  ................................................................................................... 116 

13.1 GENERAL..................................................................................................................... 116 

13.2 LUBRICANT REQUIREMENTS ................................................................................... 116 



Basic Sailplane Engineering, AIRW-M005 

 

Version 25.1  Date of Issue: 01/06/26 Page 9 of 415 

 Uncontrolled if Printed 

13.3 TYPES OF LUBRICANTS ............................................................................................ 116 

13.3.1 OIL ................................................................................................................................ 117 

13.3.2 GREASE ....................................................................................................................... 117 

13.3.3 SOLID FILM .................................................................................................................. 117 

13.3.4 SILICONE ..................................................................................................................... 117 

13.4 RECOMMENDED LUBRICANTS ................................................................................. 117 

13.5 SHELF LIFE OF LUBRICANTS ................................................................................... 117 

13.6 LUBRICATION TECHNIQUES ..................................................................................... 118 

13.6.1 SIMPLE GREASE GUN ............................................................................................... 118 

13.6.2 GREASE NIPPLES ...................................................................................................... 119 

13.6.3 PRESSURE PACK LUBRICANT WARNING ............................................................... 119 

13.7 GREASING FREQUENCY - UNDERCARRIAGE ........................................................ 119 

13.8 REFERENCES ............................................................................................................. 119 

14 CABLE SYSTEMS  ............................................................................................. 120 

14.1 INTRODUCTION .......................................................................................................... 120 

14.2 CABLE TYPES ............................................................................................................. 120 

14.2.1 AMERICAN CABLES ................................................................................................... 120 

14.2.2 BRITISH CABLES ........................................................................................................ 122 

14.2.3 OTHER CABLE SYSTEMS .......................................................................................... 122 

14.3 CABLE INSPECTION ................................................................................................... 123 

14.4 CABLE LIFE ................................................................................................................. 124 

14.5 CABLE CARE ............................................................................................................... 124 

14.6 PULLEYS...................................................................................................................... 125 

14.7 CABLE TENSION ......................................................................................................... 125 

14.8 TURNBUCKLE LOCK WIRING SCHEMES ................................................................. 126 

14.9 MAKING A NEW CABLE .............................................................................................. 127 

14.9.1 PROOF TESTING ........................................................................................................ 127 

15 LôHOTELLIER CONNECTORS .......................................................................... 129 

15.1 BACKGROUND ............................................................................................................ 129 

15.2 DESCRIPTION OF LôHOTELLIER MECHANISM ........................................................ 129 

15.3 SAFETY INCIDENTS INVOLVING LôHOTELLIER CONNECTORS ............................ 131 

15.4 SAFETY LOCKING ...................................................................................................... 131 

15.4.1 SAFETY LOCKING PINS ............................................................................................. 132 

15.4.2 SCHEMPP-HIRTH SAFETY SPRINGS ....................................................................... 132 

15.4.3 UERLING TYPE SLEEVES .......................................................................................... 133 

15.4.4 WEDEKIND SAFETY SLEEVES .................................................................................. 134 

15.4.5 LS SAFETY SLEEVES ................................................................................................. 135 

15.5 INSPECTIONS AND PERIODIC MAINTENANCE REQUIREMENTS ........................ 136 



Basic Sailplane Engineering, AIRW-M005 

 

Version 25.1  Date of Issue: 01/06/26 Page 10 of 415 

 Uncontrolled if Printed 

15.6 DAILY INSPECTION .................................................................................................... 136 

15.7 PERIODIC LUBRICATION ........................................................................................... 138 

15.8 ANNUAL INSPECTION AND PERIODIC MAINTENANCE ......................................... 138 

15.8.1 SAFETY LOCKING CHECK ......................................................................................... 138 

15.8.2 BALL WEAR ................................................................................................................. 139 

15.8.3 COUPLING CLEARANCE AND WEAR ....................................................................... 139 

15.8.4 LATCH SPRING CHECK (TYPE 41) ........................................................................... 140 

15.9 1000 / 3000 HRS TTIS PERIODIC MAINTENANCE ................................................... 140 

15.10 ANNUAL INSPECTION DOCUMENTATION ............................................................... 140 

15.10.1 LOGBOOK ENTRY ...................................................................................................... 140 

15.10.2 MAINTENANCE RELEASE DOCUMENTATION ......................................................... 140 

15.11 MAINTENANCE ACTIONS .......................................................................................... 141 

15.11.1 TYPE 41 SOCKETS (WITH WEDGE LOCK) SAFETY HOLE ..................................... 141 

15.11.2 TYPE 45 SOCKETS (WITH CAM LOCK) SAFETY HOLE .......................................... 141 

15.11.3 INSTALLATION OF BALLS WITH REDESIGNED THREADS .................................... 142 

15.12 EXTRACTS FROM LôHOTELLIER PRODUCT GUIDE ............................................... 144 

15.13 HISTORY OF AIRWORTHINESS FOR LôHOTELLIER CONNECTIONS .................... 147 

15.13.1 GAUS AIRWORTHINESS DIRECTIVES ..................................................................... 147 

15.13.2 OTHER REFERENCES ............................................................................................... 147 

16 TOW RELEASE MAINTENANCE  ...................................................................... 148 

16.1 INTRODUCTION .......................................................................................................... 148 

16.1.1 TERMINOLOGY ........................................................................................................... 149 

16.1.2 WHO MAY INSPECT, MAINTAIN AND TEST TOW RELEASE MECHANISMS ........ 149 

16.1.3 PURPOSE OF THE TOW RELEASE SYSTEM ........................................................... 149 

16.1.4 MANUFACTURERS OF RELEASES ........................................................................... 150 

16.1.5 AIRCRAFT FITTED WITH TWO RELEASES .............................................................. 151 

16.1.6 RING PAIRS USED WITH TOST RELEASES ............................................................. 151 

16.2 RELEASE PRINCIPLES: OVER-CENTRE & CAGED ................................................. 152 

16.2.1 OVER-CENTRE ........................................................................................................... 152 

16.2.2 CAGED ......................................................................................................................... 153 

16.3 RELEASE CONTROL CIRCUIT ................................................................................... 154 

16.3.1 COMMON RELEASE CONTROL CIRCUIT ISSUES .................................................. 154 

16.3.2 INSPECTION AND MAINTENANCE OF RELEASE CONTROL CIRCUIT ................. 155 

16.4 TOW RELEASE CLEANING, SERVICING AND OVERHAUL ..................................... 156 

16.4.1 REGULAR CLEANING WHILST INSTALLED ............................................................. 156 

16.4.2 ANNUAL SERVICE ...................................................................................................... 156 

16.4.3 OVERHAUL .................................................................................................................. 159 

16.4.4 REPLACEMENT OF THE TOW RELEASE ASSEMBLY ............................................. 160 



Basic Sailplane Engineering, AIRW-M005 

 

Version 25.1  Date of Issue: 01/06/26 Page 11 of 415 

 Uncontrolled if Printed 

16.4.5 AIRCRAFT NEW TO THE AUSTRALIAN REGISTER ................................................. 160 

16.5 RELEASE TROUBLESHOOTING GUIDE ................................................................... 160 

16.6 SPRING REPLACEMENT ............................................................................................ 161 

16.6.1 Tost MAIN SPRING REPLACEMENT IN SAILPLANES .............................................. 161 

16.6.2 Tost MAIN SPRING REPLACEMENT IN TOW PLANES ............................................ 161 

16.6.3 NON-Tost SPRING REPLACEMENT .......................................................................... 161 

16.7 TESTING RELEASES .................................................................................................. 161 

16.7.1 BACKGROUND TO TESTING ACTUATION UNDER HIGH TOW FORCES .............. 162 

16.7.2 TOW RELEASE TESTS ............................................................................................... 162 

16.7.3 LOGBOOK AND MAINTENANCE RELEASE ENTRIES ............................................. 163 

16.8 CONDUCTING THE TESTS ........................................................................................ 163 

16.8.1 NOMENCLATURE ....................................................................................................... 164 

16.8.2 NON-STANDARD LEVER ARM - CONVERSION OF FORCE READINGS ............... 165 

16.8.3 CALIBRATION OF SPRING BALANCES .................................................................... 166 

16.9 TEST 1:  OVER-CENTRE ............................................................................................ 166 

16.9.1 TEST 1 PROCEDURE ................................................................................................. 166 

16.9.2 INTERPRETATION OF TEST 1 RESULTS ................................................................. 167 

16.9.3 WORKED EXAMPLE OF TEST 1 CHART ................................................................... 167 

16.9.4 ADJUSTING THE OVER-CENTRE .............................................................................. 168 

16.10 TEST 2:  MAIN SPRING TENSION ............................................................................. 168 

16.11 TEST 3:  PILOT ACTUATION FORCE ........................................................................ 169 

16.12 TEST 4:  BACK-RELEASE ........................................................................................... 170 

16.13 TEST 5:  TOWPLANE PILOT ACTUATION FORCE ................................................... 171 

16.14 TOST RELEASES ........................................................................................................ 172 

16.14.1 GENERAL DESCRIPTION ........................................................................................... 172 

16.14.2 TOST óEô SERIES (EXCEPT E22) ............................................................................... 172 

16.14.3 TOST E22 ..................................................................................................................... 172 

16.14.4 TOST óGô SERIES ........................................................................................................ 173 

Appendix A GAus RELEASE TESTERS ........................................................................................ 174 

Appendix B TOW RELEASE MAINTENANCE RECORD .............................................................. 177 

Appendix C TOW RELEASE TEST 1 CHART RECORD .............................................................. 178 

Appendix D TOST RELEASE REASSEMBLY AIDS ...................................................................... 179 

Appendix E TOST RELEASE SPRINGS ........................................................................................ 181 

17 SAILPLANE UNDERCARRIAGE  ...................................................................... 184 

17.1 GENERAL..................................................................................................................... 184 

17.2 MAIN UNDERCARRIAGE ARRANGEMENTS ............................................................ 184 

17.2.1 SKID ............................................................................................................................. 184 

17.2.2 MONOWHEEL .............................................................................................................. 184 



Basic Sailplane Engineering, AIRW-M005 

 

Version 25.1  Date of Issue: 01/06/26 Page 12 of 415 

 Uncontrolled if Printed 

17.2.3 TAILDRAGGER ............................................................................................................ 184 

17.2.4 TRICYCLE .................................................................................................................... 184 

17.2.5 OTHER ......................................................................................................................... 184 

17.3 SUPPLEMENTARY UNDERCARRIAGE ARRANGEMENTS ..................................... 184 

17.3.1 SKID ï NOSE OR TAIL ................................................................................................ 184 

17.3.2 WHEEL ï NOSE OR TAIL............................................................................................ 185 

17.3.3 OUTRIGGERS ............................................................................................................. 185 

17.3.4 WINGTIPS .................................................................................................................... 185 

17.3.5 DOLLIES AND WING WALKERS ................................................................................ 185 

17.4 TYRES .......................................................................................................................... 186 

17.4.1 GENERAL..................................................................................................................... 186 

17.4.2 PARTS OF THE TYRE ................................................................................................. 186 

17.4.3 TYRE MARKINGS ........................................................................................................ 187 

17.4.4 RATINGS ...................................................................................................................... 187 

17.4.5 PLIES ............................................................................................................................ 187 

17.4.6 SIZE NOMENCLATURE .............................................................................................. 187 

17.4.7 INSPECTION ................................................................................................................ 188 

17.4.8 STORAGE .................................................................................................................... 189 

17.5 TUBES .......................................................................................................................... 189 

17.5.1 GENERAL..................................................................................................................... 189 

17.5.2 VALVES ........................................................................................................................ 189 

17.6 BRAKES ....................................................................................................................... 190 

17.6.1 DRUM ........................................................................................................................... 191 

17.6.2 DISC ............................................................................................................................. 192 

17.6.3 HYDRAULIC BRAKING SYSTEMS ............................................................................. 193 

17.6.4 DIFFERENTIAL BRAKING ........................................................................................... 195 

17.6.5 DIRECT MECHANICAL BRAKING .............................................................................. 195 

17.6.6 PARACHUTE ASSISTANCE BRAKING ...................................................................... 195 

17.7 SUSPENSION .............................................................................................................. 195 

17.7.1 GENERAL..................................................................................................................... 195 

17.7.2 RIGID ............................................................................................................................ 195 

17.7.3 SIMPLE SPRINGING ................................................................................................... 196 

17.7.4 OLEOS/ SHOCK STRUTS ........................................................................................... 196 

17.7.5 RUBBER OR SYNTHETIC SUSPENSION .................................................................. 197 

17.7.6 RETRACTION SYSTEMS ............................................................................................ 197 

17.7.7 DIRECT MECHANICAL ................................................................................................ 198 

17.7.8 STORED ENERGY ...................................................................................................... 198 

17.7.9 RETRACT SPRINGS/DAMPERS ................................................................................ 198 



Basic Sailplane Engineering, AIRW-M005 

 

Version 25.1  Date of Issue: 01/06/26 Page 13 of 415 

 Uncontrolled if Printed 

17.8 OTHER ITEMS ............................................................................................................. 198 

17.8.1 DOORS......................................................................................................................... 198 

17.8.2 SPATS AND FAIRINGS ............................................................................................... 198 

17.8.3 MUDGUARDS .............................................................................................................. 198 

17.9 MAINTENANCE AWARENESS ................................................................................... 198 

17.9.1 HARD LANDINGS ........................................................................................................ 199 

17.9.2 TYRE SIZE DISCREPANCIES..................................................................................... 199 

17.9.3 RIM CONDITION .......................................................................................................... 199 

17.9.4 MOUNTINGS ................................................................................................................ 199 

17.9.5 CORROSION ............................................................................................................... 200 

17.10 GUIDELINE FOR ANNUAL INSPECTION ................................................................... 200 

17.10.1 DISSASSEMBLY .......................................................................................................... 200 

17.10.2 CLEANING ................................................................................................................... 200 

17.10.3 INSPECTION ................................................................................................................ 200 

17.10.4 REGREASE .................................................................................................................. 200 

17.10.5 REASSEMBLY ............................................................................................................. 200 

17.11 REFERENCES ............................................................................................................. 201 

18 CANOPIES ......................................................................................................... 202 

18.1 INTRODUCTION .......................................................................................................... 202 

18.2 ROUTINE CARE .......................................................................................................... 202 

18.2.1 DAILY CARE ................................................................................................................ 202 

18.2.2 PERIODIC CARE ......................................................................................................... 202 

18.2.3 CANOPY COVERS ...................................................................................................... 203 

18.2.4 HANDLING OF CANOPIES ......................................................................................... 203 

18.3 REPAIR OF PERSPEX ................................................................................................ 203 

18.3.1 CUTTING PERSPEX .................................................................................................... 203 

18.3.2 CRACKS IN PERSPEX ................................................................................................ 203 

18.3.3 DRILLING PERSPEX ................................................................................................... 204 

18.3.4 PERMANENT REPAIRS .............................................................................................. 205 

18.3.5 WARNING - DAMAGED CANOPIES ........................................................................... 206 

18.4 FINISHING-POLISHING ............................................................................................... 206 

18.5 MECHANICAL ATTACHMENT OF PERSPEX ............................................................ 207 

18.6 CANOPY JETTISON MECHANISMS .......................................................................... 207 

18.7 CLEARVIEW PANELS ................................................................................................. 207 

19 SAILPLANE SEAT HARNESS  .......................................................................... 208 

19.1 INTRODUCTION .......................................................................................................... 208 

19.2 HARNESS FUNCTIONAL PERFORMANCE ............................................................... 209 

19.3 HARNESS WEBBING .................................................................................................. 209 



Basic Sailplane Engineering, AIRW-M005 

 

Version 25.1  Date of Issue: 01/06/26 Page 14 of 415 

 Uncontrolled if Printed 

19.3.1 WEBBING CONDITION: .............................................................................................. 209 

19.3.2 WEBBING CLEANING ................................................................................................. 210 

19.4 HARNESS LIFE LIMITS ............................................................................................... 210 

19.4.1 AGING OF WEBBING .................................................................................................. 210 

19.5 BUCKLES AND STRAP END FITTINGS ..................................................................... 211 

19.5.1 QUICK RELEASE BUCKLE ......................................................................................... 211 

19.6 LENGTH ADJUSTERS ................................................................................................. 212 

19.7 HARNESS INSTALLATION.......................................................................................... 213 

19.7.1 HARNESS ATTACHMENT TO FUSELAGE ................................................................ 214 

19.8 HARNESS REPLACEMENT AND REWEBBING ........................................................ 215 

19.8.1 HARNESS REPLACEMENT AFTER ACCIDENTS ..................................................... 216 

19.9 CUSHIONS ................................................................................................................... 216 

19.10 ANNUAL INSPECTION ................................................................................................ 217 

19.11 REFERENCES ............................................................................................................. 218 

20 PITOT-STATIC SYSTEMS ................................................................................. 219 

20.1 GENERAL..................................................................................................................... 219 

20.2 INSPECTION AND TESTING REQUIREMENTS ........................................................ 219 

20.3 DEFINITION OF TERMS .............................................................................................. 219 

20.4 PITOT-STATIC SYSTEM COMPONENTS .................................................................. 220 

20.4.1 MINIMUM EQUIPMENT AND UNITS .......................................................................... 220 

20.4.2 GENERAL SYSTEM LAYOUTS ................................................................................... 220 

20.4.3 PORTS OR VENTS ...................................................................................................... 221 

20.4.4 TUBING ........................................................................................................................ 222 

20.5 AIRSPEED.................................................................................................................... 222 

20.5.1 AIRSPEED INDICATOR (ASI) ..................................................................................... 222 

20.5.2 LIMITING AIRSPEEDS ................................................................................................ 223 

20.5.3 POSITION ERROR ...................................................................................................... 224 

20.5.4 INSTRUMENT ERROR ................................................................................................ 224 

20.5.5 REDUCING VNE WITH ALTITUDE ............................................................................... 224 

20.6 ALTIMETER ................................................................................................................. 225 

20.6.1 ALTIMETER ERRORS ................................................................................................. 226 

20.6.2 ALTIMETER ADJUSTMENT ........................................................................................ 227 

20.7 INSPECTION PROCEDURES ..................................................................................... 227 

20.7.1 ANNUAL INSPECTION REQUIREMENTS .................................................................. 227 

20.7.2 PITOT-STATIC SYSTEMS ........................................................................................... 228 

20.7.3 AIRSPEED INDICATOR ............................................................................................... 229 

20.7.4 ALTIMETER CALIBRATION ........................................................................................ 232 

20.7.5 ALTIMETER TESTING PROCEDURE ......................................................................... 233 



Basic Sailplane Engineering, AIRW-M005 

 

Version 25.1  Date of Issue: 01/06/26 Page 15 of 415 

 Uncontrolled if Printed 

Appendix A COMMON ALTIMETER CALIBRATION ADJUSTMENT............................................ 234 

21 ELECTRICAL SYSTEMS  ................................................................................... 242 

21.1 GENERAL..................................................................................................................... 242 

21.2 TYPICAL SAILPLANE INSTALLATION ....................................................................... 242 

21.2.1 CIRCUIT DIAGRAM ..................................................................................................... 243 

21.2.2 SINGLE LINE CIRCUIT DIAGRAMS ........................................................................... 244 

21.3 THE BATTERY ............................................................................................................. 244 

21.3.1 SEALED LEAD ACID BATTERIES .............................................................................. 245 

21.3.2 LITHIUM BATTERIES .................................................................................................. 245 

21.4 BATTERY PERFORMANCE ........................................................................................ 249 

21.5 REMOVABLE BATTERIES .......................................................................................... 249 

21.6 DUAL BATTERY (SELECTABLE) INSTALLATIONS .................................................. 252 

21.7 THE MASTER SWITCH ............................................................................................... 252 

21.8 CIRCUIT PROTECTION .............................................................................................. 254 

21.8.1 FUSE/CIRCUIT BREAKER RATINGS ......................................................................... 255 

21.9 VOLTAGE DROP ......................................................................................................... 256 

21.10 WIRES AND CABLES .................................................................................................. 257 

21.10.1 DEFINITIONS ............................................................................................................... 257 

21.10.2 AIRCRAFT GRADE WIRE ........................................................................................... 258 

21.10.3 AUTOMOTIVE AND MARINE CABLE ......................................................................... 261 

21.10.4 WIRES AND CABLES IN SAILPLANES ...................................................................... 261 

21.10.5 WIRE COLOUR CODING ............................................................................................ 262 

21.10.6 WIRE SECURITY ......................................................................................................... 262 

21.11 JOINS AND TERMINATIONS ...................................................................................... 263 

21.11.1 SOLDERING ................................................................................................................ 263 

21.11.2 CRIMPED JOINS AND TERMINALS ........................................................................... 264 

21.11.3 TERMINAL BLOCKS .................................................................................................... 265 

21.11.4 CONNECTORS ............................................................................................................ 266 

21.12 RADIO PRESS TO TALK (PTT) SWITCHES ............................................................... 266 

21.13 AUXILLARY DC POWER OUTPUTS ........................................................................... 267 

21.13.1 PERMENANTLY INSTALLED POWER CONVERTERS ............................................. 267 

21.14 RADIO INTERFERENCE ............................................................................................. 268 

21.15 ELECTRICAL BONDING .............................................................................................. 269 

21.16 PLACARDS .................................................................................................................. 269 

21.17 UNDERCARRIAGE WARNING SYSTEMS ................................................................. 270 

21.18 MOTORGLIDERS ........................................................................................................ 271 

21.19 INSTALLATION OF EQUIPMENT ............................................................................... 271 

21.20 ANNUAL INSPECTION ................................................................................................ 272 



Basic Sailplane Engineering, AIRW-M005 

 

Version 25.1  Date of Issue: 01/06/26 Page 16 of 415 

 Uncontrolled if Printed 

21.21 EXAMPLES OF FAULTS AND CONCERNS ............................................................... 273 

21.22 REFERENCES ............................................................................................................. 274 

22 RADIO, ANTENNAS AND AVIONICS  ............................................................... 275 

22.1 INTRODUCTION .......................................................................................................... 275 

22.2 RADIO BASICS ............................................................................................................ 275 

22.2.1 RADIO WAVES ............................................................................................................ 275 

22.2.2 WAVELENGTH AND FREQUENCY ............................................................................ 276 

22.2.3 HOW FREQUENCY AND WAVELENGTH ARE RELATED ........................................ 276 

22.2.4 USING RADIO WAVES ................................................................................................ 277 

22.2.5 MODULATION .............................................................................................................. 277 

22.3 VHF COM RADIOS ...................................................................................................... 278 

22.4 GOLDEN RULES - WARNING! .................................................................................... 278 

22.5 THE VHF COM RADIO ................................................................................................ 279 

22.6 MICROPHONE AND PTT ............................................................................................ 280 

22.7 LOUDSPEAKERS ........................................................................................................ 280 

22.8 RADIO WIRING HARNESS ......................................................................................... 281 

22.9 ANTENNAS .................................................................................................................. 282 

22.9.1 ANTENNA BASICS ...................................................................................................... 282 

22.9.2 ANTENNA POLARISATION ......................................................................................... 283 

22.9.3 TYPES OF AIRCRAFT ANTENNA .............................................................................. 283 

22.9.4 WHIP ANTENNAS ........................................................................................................ 284 

22.10 CONNECTING THE RADIO TO THE ANTENNA ........................................................ 285 

22.10.1 COAXIAL CABLE ......................................................................................................... 285 

22.10.2 VHF COM RADIO ANTENNA CONNECTORS............................................................ 287 

22.10.3 MAKING A COAX PLUG CRIMP CONNECTION ............................................................ 288 

22.11 ANTENNA PERFORMANCE ....................................................................................... 289 

22.11.1 THE EFFECT OF ANTENNA DIAMETER/WIDTH ON PERFORMANCE ................... 289 

22.11.2 USING A SWR METER ................................................................................................ 290 

22.11.3 USING A VECTOR NETWORK ANALYSER (VNA) .................................................... 291 

22.12 HOW TO TUNE ANTENNAS ....................................................................................... 291 

22.13 AVIONICS..................................................................................................................... 292 

22.13.1 AVIONICS INTRODUCTION ........................................................................................ 292 

22.14 INTERCONNECTION OF AVIONICS .......................................................................... 292 

22.15 DATA SIGNAL INTERCONNECTION .......................................................................... 293 

22.15.1 RS-232 (TRUE AND TTL) ............................................................................................ 294 

22.15.2 USB ï DIFFERENTIAL SIGNALLING .......................................................................... 295 

22.15.3 CAN-BUS AND RS485 BUS ........................................................................................ 295 

22.16 CONNECTORS ............................................................................................................ 296 



Basic Sailplane Engineering, AIRW-M005 

 

Version 25.1  Date of Issue: 01/06/26 Page 17 of 415 

 Uncontrolled if Printed 

22.16.1 SUB MINIATURE D-CONNECTORS ........................................................................... 296 

22.16.2 RJ12 AND RJ45 CONNECTORS ................................................................................ 297 

22.16.3 USB CONNECTORS .................................................................................................... 298 

22.16.4 OTHER CONNECTORS .............................................................................................. 299 

22.17 MODIFYING INSTRUMENT PANELS ......................................................................... 299 

22.17.1 PANEL STANDARD INSTRUMENT SIZE CIRCULAR HOLES .................................. 300 

22.18 INSTRUMENT FASTENERS ....................................................................................... 300 

22.18.1 FASTENER MATERIAL AND COLOUR ...................................................................... 301 

22.18.2 FASTENER THREAD STANDARD, HEAD TYPE AND DRIVE TYPE ........................ 301 

22.18.3 INSTRUMENTS WITH UNTHREADED ATTACHMENT LUGS ................................... 303 

22.19 BLANKING OR DOWNSIZING AN EXISTING INSTRUMENT HOLE ......................... 304 

22.20 ADDING OR ENLARGING HOLES IN INSTRUMENT PANELS ................................. 304 

22.21 INSTRUMENT PANEL LABELLING ............................................................................ 306 

22.22 VHF COM RADIO FAULT FINDING GUIDE ................................................................ 307 

23 FLARM AND OTHER ELECTRONIC CONSPICUITY SYSTEMS  ..................... 309 

23.1 PREFACE ..................................................................................................................... 309 

23.2 INTRODUCTION .......................................................................................................... 309 

23.2.1 DEFINITION OF TERMS USED IN THIS CHAPTER .................................................. 310 

23.3 ELECTRONIC CONSIPUITY ....................................................................................... 311 

23.3.1 WHAT IS ELECTRONIC CONSPICUITY? ................................................................... 311 

23.3.2 ELECTRONIC CONSPICUITY HUMAN FACTORS .................................................... 311 

23.3.3 SUMMARY OF ELECTRONIC CONSPICUITY SYSTEMS ......................................... 312 

23.3.4 SAILPLANE EC ï WHO CAN SEE WHO AND COLLISION ALERT ........................... 313 

23.3.5 ICAO ID ........................................................................................................................ 315 

23.4 EC DEVICES USED IN AUSTRALIA ........................................................................... 315 

23.4.1 TRANSPONDERS ........................................................................................................ 315 

23.4.2 TRANSPONDER PCAS AND FLARM ......................................................................... 316 

23.4.3 ADS-B ........................................................................................................................... 317 

23.4.4 ADS-B TABS ................................................................................................................ 317 

23.4.5 ADS-B EC DEVICES .................................................................................................... 318 

23.4.6 FANET and FANET+ .................................................................................................... 320 

23.4.7 SOFTRF ....................................................................................................................... 320 

23.4.8 GPS TRACKERS & MOBILE SOARING NAV COMPUTERS WITH TRACKING ....... 324 

23.4.9 STRATUX ..................................................................................................................... 325 

23.4.10 OPEN GLIDER NETWORK (OGN) .............................................................................. 325 

23.4.11 OGN TRACKER ........................................................................................................... 327 

23.5 EUROPEAN & UK EC SYSTEMS ................................................................................ 328 

23.5.1 EUROPE ADS-L ........................................................................................................... 328 



Basic Sailplane Engineering, AIRW-M005 

 

Version 25.1  Date of Issue: 01/06/26 Page 18 of 415 

 Uncontrolled if Printed 

23.5.2 PILOTAWARE .............................................................................................................. 328 

23.6 FLARM INTRODUCTION ............................................................................................. 329 

23.6.1 THE BENEFITS AND DISADVANTAGES OF FLARM ................................................ 329 

23.6.2 HOW FLARM WORKS ................................................................................................. 330 

23.6.3 SHORT HISTORY OF FLARM PRODUCTS: .............................................................. 331 

23.6.4 FLARM SYSTEM TOPOLOGY .................................................................................... 333 

23.6.5 FLARM LIMITATIONS .................................................................................................. 335 

23.6.6 FLARM WITH ADS-B IN ............................................................................................... 335 

23.6.7 FLARM OBSTACLE FILE ............................................................................................. 336 

23.7 FLARM DISPLAY MODES ........................................................................................... 336 

23.7.1 NEAREST MODE / RADAR DISPLAY ......................................................................... 336 

23.7.2 WARNING MODE ........................................................................................................ 336 

23.7.3 FLARM TRAFFIC DATA SIMULATION FOR DISPLAYS ............................................ 338 

23.8 FLARM IDENTIFICATION (ID) CODE ......................................................................... 338 

23.8.1 SETTING THE FLARM TRANSCEIVER ID CODE ...................................................... 339 

23.8.2 OGN DATABASE REGISTRATION ............................................................................. 339 

23.8.3 FLARMNET DATABASE REGISTRATION .................................................................. 339 

23.8.4 FLARMNET ï UPDATING A FLARM DISPLAYôS FLARMNET FILE .......................... 340 

23.9 FLARM TRANSCEIVER CONFIGURATION SETTINGS ............................................ 341 

23.9.1 AIRCRAFT CONFIGURATION .................................................................................... 341 

23.9.2 COMMS SETTINGS - BAUD RATE, NMEA SENTENCES AND PROTOCOL ........... 342 

23.9.3 TRAFFIC FILTER SETTINGS ...................................................................................... 342 

23.9.4 VISIBILITY SETTINGS ................................................................................................. 343 

23.9.5 AIRCRAFT INFORMATION BROADCAST ($PFLAM MESSAGING) ......................... 343 

23.9.6 READING A TRANSCEIVERôS CURRENT CONFIG SETTINGS FROM A FLARM 

IGC FILE ....................................................................................................................... 344 

23.9.7 FLARMCFG.TXT ï THE CONFIGURATION SETTINGS FILE .................................... 345 

23.10 EXCHANGING FLARM DATA WITH OTHER DEVICES ............................................. 346 

23.11 FLARM SYSTEM HARDWARE.................................................................................... 347 

23.11.1 LED DISPLAY BASICS AND SETTINGS .................................................................... 347 

23.11.2 GPS ANTENNA ............................................................................................................ 347 

23.11.3 FLARM DATA AND ADS-B ANTENNAS ..................................................................... 348 

23.11.4 FLARM ANTENNA SMA PLUG TYPES ....................................................................... 351 

23.11.5 FLARM RF DIVERSITY MODULE ............................................................................... 352 

23.11.6 FLARM ANTENNA BOOSTERs ................................................................................... 352 

23.11.7 FLARM ANTENNA SPLITTER ..................................................................................... 353 

23.11.8 FLARM RJ12/RJ45 AND IGC COMPLIANT DATA LEADS EXPLAINED ................... 354 

23.11.9 FLARM RJ12/RJ45 SPLITTERS AND MULTI-WAY CONNECTORS ......................... 356 

23.12 HOW TO UPDATE FLARM FIRMWARE AND CONFIGURATION FILES .................. 356 



Basic Sailplane Engineering, AIRW-M005 

 

Version 25.1  Date of Issue: 01/06/26 Page 19 of 415 

 Uncontrolled if Printed 

23.12.1 UPDATING CLASSIC FLARM FIRMWARE AND CONFIGURATION FILES WITH 

THE PC TOOL .............................................................................................................. 356 

23.12.2 DOWNLOADING FLARM FIRMWARE FILES ............................................................. 358 

23.12.3 FLARM FIRMWARE AND CONFIG FILES WITH MICRO-SD CARDS OR USB 

FLASH DRIVE .............................................................................................................. 358 

23.12.4 UPDATING VIA WI-FI .................................................................................................. 359 

23.12.5 UPDATING DISPLAYS ................................................................................................ 359 

23.12.6 UPDATING BUTTERFLY DISPLAY FIRMWARE AND FLARMNET FILES ................ 359 

23.13 INSTALLING OR MODIFYING FLARM SYSTEMS ..................................................... 361 

23.13.1 WHO CAN INSTALL OF MODIFY A FLARM SYSTEM ............................................... 361 

23.13.2 PLAN:  OBJECTIVE, ASSESS, SEEK ADVICE, DESIGN, ACQUIRE AND 

PREPARE..................................................................................................................... 361 

23.13.3 PROVIDING POWER ................................................................................................... 362 

23.13.4 ANTENNA(S) ................................................................................................................ 363 

23.13.5 CONNECTING TRANSCEIVERS AND DISPLAYS ..................................................... 363 

23.13.6 CONNECTING MULTIPLE DISPLAYS ........................................................................ 363 

23.13.7 UPDATE FIRMWARE AND CONFigure ...................................................................... 363 

23.13.8 OGN AND FLARMNET ................................................................................................ 363 

23.13.9 TEST & DOCUMENT ................................................................................................... 363 

23.13.10 FLARM AUDIO WARNINGS TO TOWPLANE PILOTôS HEADSET ............................ 364 

23.14 ASSESSING FLARM RANGE PERFORMANCE......................................................... 365 

23.14.1 TESTING FLARM AND ADS-B ANTENNAS ............................................................... 365 

23.14.2 ASSESSING RECEIVE (RX) RANGE .......................................................................... 366 

23.14.3 ASSESSING TRANSMIT (TX) PERFORMANCE ........................................................ 369 

23.14.4 USING A RSSI METER TO ASSESS TX STRENGTH ................................................ 372 

23.15 FLARM MAINTENANCE .............................................................................................. 372 

23.15.1 DAILY AND PREFLIGHT, INFLIGHT AND PERIODIC CHECKS ................................ 372 

23.15.2 FLARM ERROR MESSAGES ...................................................................................... 373 

23.15.3 USING THE POWERFLARM START-UP FILE TO FIND ERRORS ........................... 373 

23.15.4 COMMON FLARM ISSUES AND FIXES ..................................................................... 373 

23.15.5 RE-TERMINATING A FLARM DATA ANTENNA LEAD .............................................. 374 

23.15.6 USEFUL TOOLS .......................................................................................................... 375 

23.16 FLARM CHECKS AT ANNUAL INSPECTIONS........................................................... 376 

23.17 OGN GROUND STATIONS ......................................................................................... 377 

23.17.1 BUILDING AND SETUP ............................................................................................... 377 

23.17.2 MONITORING AND MAINTENANCE .......................................................................... 377 

23.18 FLARM ï CLUB OVERSIGHT...................................................................................... 378 

23.18.1 CLUB OGN AND/OR FLARMNET ACCOUNTS .......................................................... 378 

23.18.2 NOTIFICATION OF UPDATES TO FLARMNET FILES .............................................. 378 



Basic Sailplane Engineering, AIRW-M005 

 

Version 25.1  Date of Issue: 01/06/26 Page 20 of 415 

 Uncontrolled if Printed 

23.18.3 Monitoring club and private owners FLARM transceiver performance ........................ 379 

23.18.4 SAR AND INCIDENT INVESTIGATION ....................................................................... 379 

23.19 UNDERSTANDING FLARM TRANSCEIVER DATA OUTPUT .................................... 379 

23.19.1 FLARM NMEA DATA SENTENCE OUTPUT ............................................................... 379 

23.19.2 READING AND SETTING CONFIGURATION PARAMETERS ................................... 381 

23.19.3 HOW TO MONITOR AND RECORD A FLARM TRANSCEIVERôS NMEA DATA 

SENTENCE OUTPUT .................................................................................................. 381 

23.20 REFERENCES ............................................................................................................. 381 

24 OXYGEN ............................................................................................................ 382 

24.1 GAus RECOMMENDATIONS AND REQUIREMENTS ............................................... 382 

24.2 OXYGEN SPECIFICATIONS ....................................................................................... 382 

24.3 SAFETY PRECAUTIONS WHEN WORKING WITH OXYGEN ................................... 383 

24.4 CLEANLINESS ............................................................................................................. 383 

24.5 WORK PRACTICES ..................................................................................................... 383 

24.6 UNDERSTANDING OXYGEN SYSTEMS ................................................................... 384 

24.7 CYLINDERS ................................................................................................................. 386 

24.8 SYSTEM TYPES AND THEIR CONTROLLERS ......................................................... 386 

24.8.2 DILUTER DEMAND CONTROLLER ............................................................................ 387 

24.8.3 PRESSURE DEMAND CONTROLLER ....................................................................... 387 

24.8.4 ELECTRONIC (PULSE) DEMAND CONTROLLER ..................................................... 387 

24.9 FLEXIBLE LOW-PRESSURE HOSES ......................................................................... 388 

24.10 CANNULAS AND MASKS ............................................................................................ 388 

24.10.1 NASAL CANNULAS ..................................................................................................... 388 

24.10.2 MASKS ......................................................................................................................... 388 

24.10.3 SYSTEM MANUFACTURERS ..................................................................................... 389 

24.11 BASIC REQUIREMENTS FOR ALL OXYGEN SYSTEMS IN SAILPLANES .............. 389 

24.12 CYLINDER INSTALLATION AND RESTRAINT........................................................... 390 

24.13 PERMANENT PLUMBING INSTALLATIONS .............................................................. 390 

24.13.1 TERMINOLOGY ........................................................................................................... 390 

24.13.2 SECURITY.................................................................................................................... 391 

24.13.3 HIGH PRESSURE PLUMBING .................................................................................... 391 

24.13.4 COPPER TUBING ........................................................................................................ 391 

24.13.5 FLEXIBLE HOSE .......................................................................................................... 391 

24.13.6 LOW PRESSURE PLUMBING ..................................................................................... 391 

24.14 COMPONENT CLEANING ........................................................................................... 391 

24.15 SEALING PLUMBING AND FITTINGS ........................................................................ 392 

24.16 WEIGHT AND BALANCE ............................................................................................. 392 

24.17 SYSTEM TESTING ...................................................................................................... 392 



Basic Sailplane Engineering, AIRW-M005 

 

Version 25.1  Date of Issue: 01/06/26 Page 21 of 415 

 Uncontrolled if Printed 

24.17.1 CYLINDER TESTING ................................................................................................... 392 

24.17.2 LEAK TESTING ............................................................................................................ 393 

24.17.3 FLOW CHECK .............................................................................................................. 393 

24.17.4 CONTINUOUS FLOW REGULATORS ........................................................................ 393 

24.17.5 DEMAND REGULATORS ............................................................................................ 394 

24.18 DORMANT OXYGEN SYSTEMS ................................................................................. 394 

24.19 PLACARDING .............................................................................................................. 394 

24.19.1 INDICATED AIRSPEEDS ............................................................................................. 394 

24.19.2 SYSTEM SAFE HEIGHT LIMITS ................................................................................. 394 

24.20 CYLINDER MOUNTING BRACKET ............................................................................. 394 

24.21 FILLING INSTRUCTIONS FOR PERMANENT INSTALLATIONS .............................. 395 

24.22 AIRWORTHINESS CERTIFICATION .......................................................................... 395 

24.22.1 INITIAL INSTALLATION ............................................................................................... 395 

24.22.2 ANNUAL INSPECTIONS .............................................................................................. 395 

24.22.3 RETURN TO SERVICE INSPECTION ......................................................................... 396 

24.22.4 DAILY INSPECTIONS .................................................................................................. 396 

24.23 DECANTING ................................................................................................................ 396 

24.24 FILLING PRESSURES ................................................................................................. 396 

24.25 REFERENCES ............................................................................................................. 397 

25 OPTIONAL EQUIPMENT ................................................................................... 399 

25.1 GENERAL..................................................................................................................... 399 

25.2 CHANGE IN WEIGHT AND BALANCE ........................................................................ 399 

25.3 EQUIPMENT CHANGES - PLACARDS ....................................................................... 400 

25.4 INTERFERENCE WITH FLIGHT CONTROL SYSTEMS ............................................ 400 

25.5 PILOT INJURY PREVENTION ..................................................................................... 400 

25.6 EQUIPMENT RESTRAINT ........................................................................................... 400 

25.6.1 JUSTIFYING THE STRENGTH OF A RESTRAINT .................................................... 401 

25.7 OTHER CONSIDERATIONS........................................................................................ 402 

26 NON-DESTRUCTIVE INSPECTION .................................................................. 403 

26.1 GENERAL..................................................................................................................... 403 

26.2 TYPES OF NON-DESTRUCTIVE INSPECTION ......................................................... 403 

26.2.1 LIQUID PENETRANT TESTING (PT) .......................................................................... 403 

26.2.2 RED DYE PENETRANT ............................................................................................... 403 

26.2.3 FLUORESCENT DYE PENETRANT ........................................................................... 403 

26.2.4 MAGNETIC PARTICLE (MT) ....................................................................................... 404 

26.2.5 EDDY CURRENT TESTING (ET) ................................................................................ 404 

26.2.6 ULTRASONIC (UT) ...................................................................................................... 405 

26.2.7 RADIOGRAPHIC (RT) .................................................................................................. 406 



Basic Sailplane Engineering, AIRW-M005 

 

Version 25.1  Date of Issue: 01/06/26 Page 22 of 415 

 Uncontrolled if Printed 

26.3 PROCEDURES FOR FLUORESCENT DYE PENETRANT ........................................ 406 

26.3.1 INITIAL CLEANING ...................................................................................................... 406 

26.3.2 PRE-CLEANING ........................................................................................................... 407 

26.3.3 PENETRANT APPLICATION ....................................................................................... 407 

26.3.4 DWELL TIME ................................................................................................................ 407 

26.3.5 PENETRANT REMOVAL ............................................................................................. 407 

26.3.6 DEVELOPING .............................................................................................................. 408 

26.3.7 INDICATION INTERPRETATION ................................................................................ 408 

26.3.8 CLEANING ................................................................................................................... 409 

26.4 REFERENCES ............................................................................................................. 409 

27 EXAMINING DAILY INSPECTOR CANDIDATES  ............................................. 410 

27.1 GENERAL..................................................................................................................... 410 

27.2 DOCUMENTATION ...................................................................................................... 410 

27.3 CANDIDATE PREREQUISITES .................................................................................. 410 

27.4 TRAINING..................................................................................................................... 410 

27.5 DAILY INSPECTOR SYLLABUS ................................................................................. 411 

27.6 TESTING ...................................................................................................................... 411 

27.6.1 ORAL TEST QUESTIONS ........................................................................................... 411 

27.6.2 PRACTICAL TESTS ..................................................................................................... 411 

27.7 NOTIFICATION OF AUTHORISATION ....................................................................... 412 

27.8 POWERED SAILPLANES ............................................................................................ 412 

28 GLOSSARY OF ABBREVIATIONS AND TERMS  ............................................. 413 



Basic Sailplane Engineering, AIRW-M005 

 

Version 25.1  Date of Issue: 01/06/26 Page 23 of 415 

 Uncontrolled if Printed 

1 INTRODUCTION 

This manual sets down some of the technical standards and procedures and is the book of knowledge for 

GAus authorised Annual Inspectors when studying, inspecting, repairing and weighing sailplanes.  It also 

serves as a standard reference of technical standards and procedures for all persons involved in the 

maintenance of GAus registered sailplanes to ensure a consistent, correct, high standard is achieved. 

The GAus Manual of Standard Procedures (MOSP) Part 3 - Airworthiness sets down the procedures such 

as; the GAus Maintenance system which fills the place of CAR Part 4 and 4A to which GAus hold an 

exemption, sailplane registration and certification, minimum equipment and placarding, inspection and 

repair requirements and the authorisation of inspectors and their responsibilities.  It also details the 

requirements for amateur built sailplanes. It is intended to be a simpler and clearer guide to the 

airworthiness rules/ regulations that apply to gliding than the Australian Regulations and is mandatory to 

all GAus members. 

All gliding inspectors and persons interested in airworthiness work should reference the latest version of 

the Manual of Standard Procedures Part 3 - Airworthiness.  But read the simpler and plain English guide; 

MOSP Part 3 Registered Operatorôs Handbook, to get the basics of being a sailplane owner.  And they 

must use this Basic Sailplane Engineering (BSE) manual as the primary reference on how to perform the 

GAus Standard System of Maintenance. 

BSE provides background and guidance as well as procedures on how to carry out inspections and the 

work required to maintain sailplanes.  Note that for LSA gliders you must use the manufacturerôs 

procedures and documentation but you can use MOSP and BSE for guidance.   

This 2026 version has a new chapter covering óFLARM and other electronic conspicuity systemsô and 

there are amendments to Chapter 16 óTow Release Maintenanceô. 

1.1 ACKOWLEDGEMENT 

We acknowledge the few hard working GAus Inspectors who have helped review and update this version.  

You know who you are and you can be proud.  Thank you for all the enthusiastic volunteer work. 

1.2 AMENDMENTS TO THIS MANUAL 

It is GAus policy to amend this manual annually in November to ensure that the latest knowledge and 

experience is available to all inspectors.   

As part of the ongoing need to maintain quality and standards, a process that enables GAus members to 

make recommendations for improvements and inclusions has been included.  A document change 

proposal form is outlined in this chapter.  This form should be forwarded to the GAus office, where it will 

be added to the review documentation and forwarded to the person conducting the review at the start of 

November each year.  Due to the high workload of our volunteers and staff, it is essential that 

suggestions have strong detail and reasoning or they may not be acted upon.  

Amendments will be completed by reissuing the entire affected section and renumbering it to a different 

version.  These will be notified in the Gliding Australia magazine and on the GAus webpage.  It is the 

responsibility of each sailplane inspector to ensure he or she is working from the latest version of this 

manual. 

1.3 PRIORITY OF PROCEDURES 

These standards and procedures are to be followed when the manufacturerôs manual is lacking on the 

subject.  The information contained herein is also intended to provide additional information and 

knowledge to assist inspectors in learning and performing the required tasks in an efficient manner.  

The sailplane manufacturerôs documentation remains the overriding authoritative data in any case where 

they differ from any information in this manual.  There are Chapters of BSE which have replaced ADs.  

The mandatory component of the AD will be added to MOSP 3 and the informative component is in this 

manual.   
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A lot of this manual was originally taken from FAA AC43.13.  The latest version, 1B/2B or later available 

online, should be referred to for more information.  In case of conflicting data, BSE takes precedent or 

you should ask the GAus EMA for advice.  It is possible that BSE provides differing advice to suit 

Australian gliding. 

1.4 DEFINITIONS 

Throughout this manual every attempt has been made to be consistent with respect to common terms 

and abbreviations.  However, over time the usage of some terms has changed and inspectors should 

attempt to assess the context of any abbreviations as to their meanings. 

There is a specific chapter in this manual which defines the terminology used.  However, the terms 

ógliderô, ópowered sailplaneô and ósailplaneô are often used interchangeably.  Strictly in Australian 

regulations LSA are defined as gliders whereas sailplane is used for all others.  BSE is being converted to 

use the term sailplane instead of glider where possible. 

The specific terminology may differ from the common glider pilot usage, but an airworthiness inspector 

needs to be able to relate technical names to common glider pilot jargon. 
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1.5 DOCUMENT CHANGE PROPOSAL 

Document Title:  

GAus Basic Sailplane Engineering 

Tracking Details (Office use only) 

Number: Date Received: 

Name of person submitting change: 

Email Address: Phone: GAus Number: 

Affected Section(s): 

Reason for Change: 

 

 

 

 

 

 

 

Source for supporting data or details that may assist the review: 

 

 

 

 

 

Suggested change (please add extra pages if it is substantial): 

 

 

 

 

 

 

 

NB: In order to take appropriate action on a change request please ensure a: 

¶ Clear description of the issue has been given; 

¶ Supporting data, if available, has be identified; and 

¶ Suggested change has been provided. 

This form may be sent to the GAus by any of the following means: 

Email:  returns@glidingaustralia.org 

Mail: Gliding Australia 

 PO Box 2306 

 Gladstone Park, Vic.,3043 

 

 

mailto:returns@glidingaustralia.org


Basic Sailplane Engineering, AIRW-M005 

 

Version 25.1  Date of Issue: 01/06/26 Page 26 of 415 

 Uncontrolled if Printed 

2 TERMINOLOGY 

Inspecting and repairing of sailplanes is highly technical and the ability to communicate with other 

inspectors is vital.  Throughout this manual, specific terms will be defined as needed however it is 

important that inspectors are familiar with some of the more general terms. 

2.1 SAILPLANE COMPONENTS 

 

Figure 2-1 Component names  
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2.2 SAILPLANE GEOMETRY 

 

Figure  2-2 Geometry  

2.3 HORIZONTAL STABILISER 

There are five basic horizontal stabiliser configurations.  They are the conventional tail such as found on 

the Blanik, the cruciform tail such as on the Libelle, the T tail, the V tail such as on the Salto and the 

canard where the stabiliser is mounted forward of the wings. 

Each configuration will consist of either an all-moving control surface or a fixed tailplane and elevator. 

 

Figure  2-3 All moving tail  
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2.4 WOODEN STRUCTURES 

Wooden structures are usually constructed with a structural skin supported by internal structure (semi-

monocoque).  Individual components are glued together as this provides that highest possible strength for 

a given weight.  Almost all modern repairs are done using epoxy glues.  The front of the wings are usually 

covered with sheet plywood and the rear of the wings are covered with fabric which is shrunk onto the 

structure to make it taut. 

 

Figure  2-4 Plywood rib with lightening holes  

 

Figure  2-5 Pratt Truss rib with tension diagonals  

 

Figure  2-6 Pratt Truss rib with compression diagonals  

 

Figure  2-7 Solid Spar  

 

Figure  2-8 Routed Spar  
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Figure  2-9 Box Spar  

 

Figure  2-10 I  Spar  

 

Figure  2-11 Double  I  Spar  
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Figure  2-12 Wooden Wing Structure  
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2.5 METAL STRUCTURES 

Metal structures are usually semi-monocoque, however some types are constructed so that the skin 

carries all the loads (such as the rear fuselage of the IS-28B2).  Most of the metal components are 

constructed from sheet metal by cutting the metal to shape and then bending it to produce the necessary 

flanges. 

 

Figure  2-13  Metal Wing Components  

 

Figure  2-14  Main Spar  
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Figure  2-15  Pressed Aluminium Rib  

 

Figure  2-16  Foam Rib  

 

Figure  2-17  Stiffener  

Most metal structures are held together by rivets.  These come in many types some of which are shown 

below: 

 

Figure  2-18  Rivet Types  

2.6 FIBRE REINFORCED PLASTIC (FRP) CONSTRUCTION 

FRP structures (also known as composites) are manufactured by embedding fibres in a matrix material. 

In sailplanes the fibres may be woven together as a cloth or grouped in unidirectional bundles called 

rovings.  The fibres may be manufactured from glass, carbon fibre or aramid (trade name - Kevlar).  The 

matrix used is an epoxy resin. 
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A composite laminate which is strong enough for many sailplane applications is quite thin and therefore 

flexible.  To improve the stiffness of the laminate it is often ósandwichedô around a layer of foam or, on 

older types, balsa wood. Sandwich construction increases the stiffness considerably for only a small 

increase in weight. 

 

Figure  2-19  Typical Twill Cloth (two over, one under)  

 

Figure  2-20  Roving  

 

 

Figure  2-21  Composite Wing  
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Figure  2-22  Composite Wing Components  

2.7 STEEL TUBE CONSTRUCTION 

Some older sailplanes use a framework of steel tubes as the fuselage structure.  These tubes are joined 

into a truss by welding. 

 

Figure  2-23  Typical Steel Tube Structure (forward fuselage only - the TAIL BOOM is 

a SEPARATE aluminium tube which bolts into place)  



Basic Sailplane Engineering, AIRW-M005 

 

Version 25.1  Date of Issue: 01/06/26 Page 35 of 415 

 Uncontrolled if Printed 

3 INSPECTIONS 

Sailplanes are subjected to a comprehensive regime of inspection designed to ensure the sailplane is 

airworthy and thus safe to fly.  In this chapter, an overview of the regime is provided and then the 

methodology for Annual Inspections is explained. 

Depending on how your aircraft is certificated (CoA, EC, amateur built, LSA) varies how you may 

maintain your aircraft and the Registration Holder may elect some variations.  A Logbook Statement is the 

method of conveying the system and the ownerôs decisions to the Inspectors, refer to MOSP 3 and 

various advisory documents.  A major difference of LSA is that you must follow the manufacturerôs 

maintenance directions, you may not do the GAus Form 2 as an alternative. 

For every sailplane you must submit a Form 2 return for every Maintenance Release you issue. 

3.1 THE INSPECTION REGIME 

The airworthiness of a sailplane is assured through the regime of inspections as follows: 

Type of 
inspection  

Purpose  When Who 

Daily 
Inspection 

To establish that the sailplane is fit for 
flight for that dayôs flying operations 
and certify that in the Maintenance 
Release. 

Before the first flight each day DI Note 1 

Independent 
control check 

A double check that all controls have 
been correctly reconnected. 

Following reconnection of 
controls eg after a Form 2 or re-
rig 

DI Note 1 

Annual 
Inspection 
(Form 2) 

To ensure that the sailplane is in a 
sound condition and that, provided it 
can still pass a daily inspection, it will 
remain airworthy for 1 year. 

Annually, survey, or following a 
major repair or modification 

AI Note 2 

First 
inspection 

Brings the sailplane into the GAus 
airworthiness system 

On import or local construction 
of a sailplane 

AI Note 2 

Periodic 
inspections 

To ensure the airworthiness of 
sailplanes, or components of, which 
may be subject to time (usually hours 
flown) based deterioration factors. 

As required by the manufacturer 
or a specific AD for the sailplane 
type or component (eg Tost 
release).  

AI Note 2 

Post incident 
inspections 

To ensure no damage has occurred 
that renders the sailplane un-
airworthy. 

Following any abnormal incident 
which may have damaged the 
sailplane eg heavy landing or 
ground loop 

AI Note 2 

Life 
Inspections 

To extend the life beyond a time-
bounded age (eg 10 years) or number 
of hours limit.  

As required by the TC holder or 
a specific AD for the type. Many 
sailplanes are subject to these. 

AI Note 3 

Surveys A detailed inspection, including parts 
of the sailplane which are not 
normally or may not have been 
recently inspected. 

As required by the TC holder or 
directed by MOSP 3 Chapter 14. 
Same purpose as life extension 
and covers all sailplanes. 

AI Note 3 

Weight & 
Balance 

To ensure the sailplanes centre of 
gravity and empty weight are within 
the Type Certification. 

After major repairs/ 
modifications. If equipment 
causing significant mass or 
moment is added or removed. At 
least at time of surveys. 

AI Note 4 

Table 3.1   The Inspection Regime  

Notes: 

a. DI authorisation is by classification FRP, Wood, Metal. 

b. AI authorisation is by classification FRP, Wood, Metal. 
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c. Surveys and Life Extensions may only be certified by specially authorised Ais. 

d. Weight and balance may only be conducted by specially authorised AIs. 

Details of who can perform which inspection are shown in MOSP 3. 

Information regarding the conduct of Daily Inspections is shown in the GAus Gliding DI Handbooks. 

Details regarding training and examining AI candidates are in a later chapter of BSE. 

3.2 SYSTEMIC AND HUMAN FACTORS 

Before describing the inspection process, it is important to consider the systemic (ie organisational) and 

people related problems that may affect the quality of an Annual Inspectors work.  

3.2.1 CLUB STRUCTURE 

In modern accident investigation, increasing emphasis is being placed on the overall responsibility of the 

organisation to provide a working environment which is conducive to safety.  If an inspector fails to tighten 

a bolt because he or she is under pressure to have the aircraft finished, then the club officer who has set 

an unreasonable work schedule or failed to provide adequate facilities for the job must bear some of the 

responsibility. 

3.2.2 FINANCE 

Airworthiness standards cannot be compromised for any reason.  An inspector cannot stand up in court 

and say ñwe couldnôt afford to put a new one in so I let it goò.  If the money is not available and the 

problem is serious enough, the sailplane should be grounded. 

3.2.3 WORKLOAD 

Overloaded inspectors are more likely to rush and may make mistakes.  Inspectors should make a point 

of having as many helpers as is necessary (but not so many that the inspector loses track of what they 

are doing).  This has a double advantage as there is someone to help lift heavy objects and you may be 

training someone who can ease the workload in the future. 

Teaching potential new inspectors and the spreading of airworthiness knowledge are very important.  

Inspectors who lock themselves away alone, deny themselves the chance of a second opinion. 

Club management must also bear some responsibility for the workload of its inspectors.  

3.2.4 COMPETENCY OF HELPERS 

As well as dealing with the technical aspects of inspecting sailplanes, inspectors must deal with helpers 

and ñexpertsò.  When working with helpers it is important to keep a close eye on their work.  The word of 

unknown experts must be treated with caution.  If technical assistance is required, seek out a recognised 

source of information.  Be prepared to ask a disruptive person to leave the workshop.  After all, it is the 

inspectorôs final signature that says a sailplane is safe to fly. 

3.2.5 INSPECTOR SUITABILITY 

The person who is to inspect and signoff the sailplane must be fit to perform the task.  This fitness 

includes having the relevant approvals, knowledge of the sailplane (or the ability to find and use 

information) and the ability to physically perform the inspection tasks. 

The following attributes of physical ability are required: 

a. Good vision.  If glasses are required, then they must be used.  Good lighting is important.  To 

assist in this area there are various scoping devices that are useful and relatively cheap, they can 

assist in the visual assessment of dark and hard to get to areas. 

b. Good hearing.  Movement of damaged or poorly supported parts usually results in sound and the 

ability to hear this is important.  A workshop with low ambient noise levels often assists with these 

types of assessments. 

c. Sufficient movement so that access to the relevant parts can be gained.  Removal of parts such as 
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releases often requires considerable dexterity.  It is often the case that specialist tools can be 

made/adjusted to minimise physical load. 

3.2.6 LACK OF TECHNICAL INFORMATION 

Inspectors are often faced with inadequate manufacturersô manuals when inspecting sailplanes, 

especially for older types.  BSE is intended to fill in the gaps; however sometimes an inspector will 

encounter a problem which is not covered by any documentation and which they have not experienced 

before. 

Inspectors who cannot solve a problem on their own should seek the advice of a more experienced 

inspector.  We donôt have to know everything but we do need to make certain we use the correct 

approved data.  If the problem still cannot be solved the inspector should contact their RMA or the CTO.  

Inspectors should never ñguessò the solution to a problem. 

Be self-regulating.  If you donôt know enough about a task, get help or learn how.  Just because you have 

a rating does not mean you can, must or should do everything. 

3.3 THE ANNUAL INSPECTION PROCESS 

Conducting an annual inspection of a sailplane is an involved and complex task.  If it is not handled in a 

clear, systematic, logical way it is possible for faults to be missed and for sailplanes to be reassembled 

incorrectly.  There are eight main steps for performing an inspection: 

a. Preparations. 

b. Pre-inspection review of documentation. 

c. Aircraft overview. 

d. Functional checks. 

e. Rectify and inspect. 

f. Checks after rigging. 

g. Documenting the inspection outcome. 

h. Evaluation flight. 

3.3.1 PREPARATIONS 

In good time before the planned inspection action the following: 

a. Request an Annual Inspection Kit from the GAus in good time. 

b. Determine the best dates to conduct the inspection. 

c. Arrange for access to a suitable workshop or hangar. 

d. Arrange for suitable helpers. 

e. Arrange any expert help needed for repairs or specific elements of the inspection. 

f. Acquire any necessary special tools and consumables. 

g. Or instead of c. to f., send it to a GAus Approved Maintenance Organisation (AMO).  You can 

greatly reduce their charges by having your paperwork in order. 

3.3.1.1 DETERMINING WHEN TO CONDUCT THE INSPECTION 

A sailplane must not fly once the Maintenance Release (MR) has expired.  An Annual Inspection may be 

conducted before expiry of the MR.  Therefore, when determining the date of the inspection, consider: 

a. How long will the annual inspection take?  This depends on the sailplane, the inspectorôs 

experience and availability of help?  Is there a repair that needs to be sent away or a part required 

and if so, what is the lead time? 

b. When will expert help be available for a repair or planned modification (eg installation of oxygen)? 

c. Is the sailplane required to be available for use up to the date of expiry of the MR?  Plan an 
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inspection period after this date. 

d. Is the sailplane required for a special event (eg competition or wave camp)?  Will the MR expire 

before or during the required period?  In which case plan the annual inspection to commence at a 

date that will comfortably ensure it is completed before the special event. 

3.3.1.2 LEVEL OF INSPECTION 

The level of inspection required varies with a number of factors.  These factors include: 

a. The sailplaneôs usage in the past 12 months.  High usage may have caused more wear or 

deterioration.  Low hours may mean underlying issues have not yet become apparent. 

b. Storage or operational conditions.  An inspector may need to be more cautious if the sailplane has 

been stored in a damp or leaking trailer, compared with if it has been stored in a dry hangar. Or 

flown near the sea. 

c. The Inspectorôs familiarity with the specific aircraft.  If an inspector has never seen a particular 

sailplane before, the level of inspection will obviously be more in depth than if the inspector has 

worked on that particular sailplane over the past few years and knows the history.  For example, if 

the Inspector lubricated the elevator circuit last year, then he might decide a visual inspection will 

be adequate this year. 

d. It is wise that every few years the sailplane is inspected by another AI.  This will apply another 

perspective and set of expertise. 

e. Ultimately, the inspector must conduct a level of inspection that will satisfy them that all ADs have 

been complied with and the aircraft is airworthy. 

3.3.2 PRE-INSPECTION REVIEW OF DOCUMENTATION 

The documentation trail of a sailplane will usually show areas that need to be reviewed, specific actions 

that need rectification, and historical problems that keep arising and therefore require further 

understanding. 

The documents that should be assembled and consulted include the following: 

a. GAus Annual Inspection Kit for the specific sailplane.  This is provided by GAus Secretariat on 

request and payment of a fee.  The kit provides a wealth of information intended to help the Annual 

Inspector perform his duty fully.  

b. Aircraft logbook.  This will give a complete history of the sailplane and is very useful for 

understanding previous work undertaken on the sailplane.  It is also required for the recording of 

the results of the current inspection. 

c. Previous Maintenance Release.  This will show the amount of flying, any Major or Minor defects 

and any periodic maintenance activities undertaken in the last year.  All minor defects except 

Permissible Unserviceabilities must be corrected at an annual inspection. 

d. Certificate of Airworthiness and Certificate of Registration will show the current legal situation of the 

sailplane.  Note, if the registered operator or his email recorded on the Certificate of Registration is 

not correct then Airworthiness Directives will not be sent to the person(s) who need them.  These 

must be checked annually for validity and currency. 

e. Current flight and service manuals from the manufacturer or equipment/parts supplier (eg a radio 

manual), will often give advice on servicing cycles and replacement schedules. 

f. Airworthiness Directives (ADs), technical notes and Airworthiness Advice Notices (ANs) will all 

assist the understanding of the current and future needs of the sailplane.  Airworthiness Alerts will 

provide updates and warnings. 

A good understanding of these matters prior to commencing the inspection should allow a plan of actions 

and requirements to be created. 
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3.3.2.1 ADS, ANS, AND AWAS 

The Form 2 kit will include a list of known general and type specific ADs and ANs for sailplane to be 

inspected.  This can be used as the basis of a checklist of applicable ADs and ANs but must not be 

regarded as definitive.  An example is shown in the following figure: 

 

Figure  3-1 Example of a Form 2 Kit Type Specific AD List  

It is the Registered Operator and Annual Inspectorôs role to find all applicable ADs and technical notes.  

GAus will help with the above registers of what we know may be applicable to your aircraft. 

An inspector can also check the GAus General Registers of ADs and ANs on the GAus website where a 

searchable list is provided.  This is required if the Form 2 kit is old and the registers may have been 

updated. 

Be aware that the complexity of modern sailplanes has made it almost impossible for GAus to find all 

ADs.  A motor glider for example may have ADs on the airframe, various instruments, propeller, 

generators and many other items.  The other factor that adds complexity to the AD situation is that many 

different organisations issue ADs, eg CASA, EASA, FAA, and other state-of-design authorities as well as 

GAus. 

If you find an AD that has not been identified by GAus, please advise the GAus which will then put it in 

the registers where applicable.  Manufacturerôs Technical Notes (TN) or Service Bulletins (SB) are not on 

their own mandatory, but they are good advice and usually provide the background to an AD that makes 

them mandatory if necessary. 

We have moved a number of ADs into MOSP 3 and BSE so in future just refer to those sections, they are 

mandatory.  We will cancel the ADs and list the MOSP sections in the Registers.  Generally no change is 

caused by this, but the reason is ADs are not meant to provide the standard system of maintenance but 

are rather there to address risks to flight.  It is the modern way. 

3.3.3 AIRCRAFT OVERVIEW 

When inspecting a sailplane the next step, regardless of the type of inspection, is to assess the entire 

aircraft.  This overview should include an assessment of the overall condition of the sailplane, is it tatty, 

clean etc.  Obvious damage will be easily spotted but if you have never seen a particular sailplane before 

you must start by identifying all obvious damage. 
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Items which should be identified in the overview inspection include, but are not limited to:  Damaged skin, 

cracked canopies, flat tyres, badly aligned controls, controls working in the incorrect sense etc.  Every 

inspection of a sailplane, including the pre-flight walk around, should detect these items. 

If a sailplane appears to be complete and undamaged then the inspection should progress to the function 

stage.  If there is damage, then obviously it must be repaired before the functional check can be 

conducted. 

Up to here and even the Functional Checks should be done weeks before you take it out the air so you 

know what needs doing and thereby allowing some pre-planning to be done.  Obviously it is better to 

know before you start that the ASI needs overhauling, rather than finding out after the rest of the 

inspection is completed and the sailplane is about to be put back in service.  Or to get a few bearings so 

you can replace them. 

3.3.4 FUNCTIONAL CHECKS 

During this part of the inspection each part should be examined to ensure it is in a suitable condition to 

perform the task it was designed for.  The inspector should use the GAus Form 2 as the basic checklist 

together with any additional inspection requirements from the manufacturerôs manuals.  Alternatively, the 

owner can elect (in a logbook statement) to follow the manufacturerôs or another approved maintenance 

system.  Inspectors should also ensure that all ADs have been complied with by checking the logbook 

entries.  

It is best to start with a rigged sailplane so that all faults can be found as follows.  The function check 

should ensure that the structure is undamaged, has no unacceptable cracks and is assembled correctly.  

The control systems should be checked for correct operation, damaged parts, free-play, attachment to the 

structure, cleanliness, adequate lubrication etc. 

As a rule, this is the best time to conduct deflection and wing frequency checks (see below).  A wing 

frequency check may also indicate if there have been structural changes since the last sailplane 

inspection. 

This philosophy of inspecting for correct function and condition of each sub-system should be continued 

until the entire sailplane has been inspected.  If defects are found or it is necessary to dissemble the 

system to complete the inspection, the operation of the system should be re-inspected after re-assembly. 

Details of the inspections required for the tow release mechanism are contained in a separate dedicated 

chapter of this manual. 

Details of the inspections required for oxygen systems, if fitted, are contained in a separate dedicated 

chapter of this manual. 

3.3.4.1 WING FREQUENCY CHECK 

A wing frequency check is conducted as follows: 

a. The aircraft documentation will have the wing frequency, both initial and historical; this is the 

natural vibration of the wings.  It is generally conducted on the main undercarriage, with the tire at 

the correct pressure, but each manufacturer has their own ideas and you must follow the 

manufacturerôs instructions. 

b. A drinking glass will óringô when tapped, but if it is cracked it will be ódeadô.  Similarly a sailplane 

structure will respond to internal damage, loose wing fittings, etc by changing the frequency at 

which it wants to naturally vibrate. 

c. Therefore it is important to know the frequency and monitor it to ensure any sudden changes are 

known and the reason investigated. 

d. The manner of conducting a wing frequency check is to set the aircraft up as described above, on a 

solid surface with the wings level, gently shake the wings up and down until the wings flex at a 

steady rate.  Maintain the gentle shaking and, using a suitable watch or someone else counting or 

a smartphone app, determine the total number of wing flexes in a period (up and down is a count of 

one).  Confirm the rate is comparable with previous checks and the sailplane specification.  



Basic Sailplane Engineering, AIRW-M005 

 

Version 25.1  Date of Issue: 01/06/26 Page 41 of 415 

 Uncontrolled if Printed 

3.3.4.2 CONTROL SURFACE FREEPLAY CHECK 

Free play in excess of the maker's (or BSE) limits may indicate bearing wear, loose control horns, or 

other control system defects that may not be readily found once the sailplane is de-rigged. 

3.3.4.3 CONTROL SURFACE DEFLECTION CHECK 

Incorrect control surface deflection may indicate control system damage, incorrect pushrod/ cable 

adjustment or control stop problems and could explain adverse handling characteristics. 

3.3.4.4 FLIGHT CONTROL SYSTEM STOPS 

Incorrectly adjusted or damaged control stops can lead to system damage (bent pushrods, damaged 

bellcranks and control surface hinges etc). 

3.3.4.5 ASI AND ALTIMETER CALIBRATION 

If the ASI or Altimeter calibration is out, the instrument will need to be sent away for overhaul and this 

takes time.  Check any colour coding against the cockpit placard; differences could indicate that the 

instrument may have been swapped from another aircraft.  The ASI need not be colour coded unless the 

Flight Manual requires it but if there is colour coding on an instrument it must accurately reflect the limits 

for the particular sailplane. 

3.3.4.6 HARNESS INSPECTION 

Is there an Airworthiness Directive out on the harness?  How old is it?  Webbing damage or age 

deterioration may require the harness to be replaced or re-webbed.  It is common to find harnesses still in 

service well beyond their approved service life.  Re-web or replace such harnesses and if the harness is 

of the ñpull down to tightenò variety, take the opportunity to convert it to ñpull up to tightenò. 

3.3.4.7 FATIGUE LIFE 

As time goes by sailplanes may be kept flying by cannibalising parts.  Many of these parts will have 

fatigue life limits.  Check for components that may have exceeded their life limit or will do so during the 

next 12 months (exchanged component life must be listed in the Logbook).  The whole airframe may also 

be close to its certified fatigue life limit. 

3.3.4.8 LOAN EQUIPMENT 

GAus and the State Associations have a number of specialised tools available for loan to inspectors.  If 

you will need to borrow any of these items, book them in advance through your RMA or State 

Association. 

Loan equipment includes:  

Å Electronic weighing scales  

Å Tow release testing tool  

Å Endoscope (Borescope) 

Å Cable swaging tools (not all states) 

Å Fluoro crack detection equipment (not all states) 

Å Altimeter and ASI tester  

3.3.4.9 INSPECT AND RECTIFY 

The above functional checks before you derig tell you what needs addressing.  You now derig and 

resolve all these issues. 

The inspector then carries out the inspection using the Form 2 (or a manufacturerôs schedule) as a 

checklist.  It is good policy to inspect the sailplane together with all ancillary equipment such as radio, 

oxygen system, tie-down, battery etc.  The Inspector should review these items for function, security and 

their influence on weight and balance.  
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To complete each area ensure that all parts have the correct safety locking.  Since a sailplane cannot 

ñpull over to the side of the roadò, all nuts and bolts, turnbuckles, pins etc. must have two factors which 

prevent them from undoing.  The primary securing method for nuts and bolts is the friction generated 

when the bolt is tightened.  The secondary securing method, referred to as ñsafetyingò, may be the 

elasticity of a Nyloc nut or mechanical securing such as split pins, safety wiring etc. 

The inspection schedule is designed to be used as a checklist.  At the end of each major component 

group there is provision for recording a dual inspection by an independent inspector of DI or higher 

authorisation (See items 16, 20 and 45).  This is to verify the integrity of critical internal items & controls 

which would not be visible once the structure is closed up. 

The Form 2 is setup so that the inspector can sign it out before re-rigging and independent control 

checks.  He only does this if he knows he has done the rigged checks already and he made no changes.  

The Independent check and rerig can then be done later at the airfield by a DI inspector. 

Otherwise it is re-rigged so control surface deflections can be re-measured to ensure they are within the 

specified tolerances.  If extensive fabric replacement, painting or repairs have been done or extensive 

changes made to the aircraft equipment or ballast, then the sailplane must be reweighed. 

Once he has completed the Logbook certification (see Section 3.4.1 below), the Annual Inspector signs & 

dates the ñInspectors Certificationò on the bottom of Form 2 Page 2 and fills out the Maintenance 

Release.  The MR can be issued for any period up to a maximum of 12 months, at the inspector's 

discretion, but not beyond due Survey or life extension programs.  Any scheduled maintenance required 

by the manufacturer, the GAus, or the inspector which may fall due before the next Annual Inspection 

must be entered in Part 1 of the MR. The date of issue of the MR is on or prior to the evaluation flight. 

For powered sailplanes; the main Annual Inspector may not have an engine rating.  The AI arranges an 

engine rated inspector signs off the engine and then he can sign out the whole aircraft. 

The Annual Inspector completes the Inspection Report (and a copy of Appendix A/ Manufacturerôs 

schedule if the aircraft is a powered sailplane) and forwards it to the GAus secretariat. 

3.3.5 CHECKS AFTER RIGGING THE SAILPLANE 

The sailplane may now be rigged in preparation for the evaluation flight. At this point the Independent 

Control Check must be performed.  Check the pitot system is working. Once the inspection is completed 

an Independent Control Check is performed by the holder of a Daily Inspection or higher airworthiness 

authorisation.  This person must check that all parts are correctly attached, that all controls are correctly 

connected and safety locks in place, that there is full and free movement and that the controls move in 

the correct sense.  Concealed controls, which have already been checked and signed out at Form 2 items 

16, 20 & 45 in the inspection schedule, need not be re-inspected for safety locking.  

Check the documentation is complete: 

a. The Maintenance Release has been issued. 

b. The Logbook certified. 

c. A Daily Inspection and independent inspection have been performed and recorded in the DI section 

of the MR and signed off on the bottom of the Form 2. 

The sailplane may now undergo an Evaluation Flight in accordance with the procedures in Section 3.5.  

Please submit your Form 2C return with hours and landings to date to the GAus office every time you 

issue a MR. 
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3.4 DOCUMENTING THE INSPECTION OUTCOME 

3.4.1 THE LOGBOOK ENTRY 

No inspection is complete without a logbook entry to show that the inspection has been completed and to 

record all rectifications which were necessary.  A short and concise entry must be made in the 

Maintenance Log (white pages) of the logbook of everything that was done during the inspection.  Write 

your entries so the person reading it in the future understands exactly what has been done.  Make sure 

you record everything that you did so it is clear.  The most common fault is to say ñAll ADs complied withò 

this does not tell anyone which or what you did. 

The RO may fill in lists and hours in the Logbook, neatly, but only an Annual Inspector may make a 

certification entry in the front part of the Logbook certifying the maintenance was correctly performed and 

the Logbook is correct. 

The following is an example of a logbook entry and should be used as a guide: 

At TTIS = xxx hours, Landings = xxx an annual inspection in accordance with GAus 
Form 2 and the Maintenance Manual was completed during which the following 
rectifications were carried out: 

New left front rudder cable fitted. 

New nose release spring fitted. 

New bearings fitted to right hand aileron wing root bell crank. 

GAus ADs XX issue 1, ZZ issue 3 complied with. 

Wing frequency = xxx.  

Maintenance Release No 0001 issued.  

Name: ________________ Signed: ________________ M________ Date: ________ 

Please do similar for engine and propellers.  Some of these have their own logbook so if they are 

changed it goes with them ï keep it up to date as well as the airframe logbook. 

3.4.2 OTHER SECTIONS OF THE LOGBOOK 

There are some differences in logbooks dependent on their age.  Please amend your logbook to make it 

compatible.  This helps ensure entries and format for all types are similar, makes it clearer, and easier to 

ensure the continued maintenance of your sailplane and makes the next inspectorôs job easier.  It is worth 

getting the above right now and then it will be correct and easier thereafter. 

Please see MOSP 3 for requirements on Logbooks. 

What is essential in a logbook is as follows; 

3.4.2.1 WHITE PAGES 

White pages: 

a. Annual updates are permissible but monthly totals of hours and landings are transferred from the 

maintenance release (Form 1) at the Annual.  Except where a maintenance activity has been 

performed requiring a logbook entry during the year; in which case hours and landings must be 

updated at that date.  It is worth double checking all MR records and arithmetic as errors are very 

common after a day flying. 

b. The Maintenance Log is exactly that, it is the only legal record and must contain a certification 

(signature, name, GAus number (new M-xxxxx) and date for each entry, bulk entries at an 

Inspection may have one certification).  Maintenance activities that require a logbook entry are; 

each AD when first performed or a listing for recurring ADs each year, ANs, repairs, modifications, 

test results, lifed component changes, scheduled maintenance and any other significant activity.  

(Cleaning and polishing are not significant but installing a new radio is.) 
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c. Inspection entries in the Maintenance Log should be opposite the corresponding years, hours and 

landing record.  Pages should be ruled off at the annual so that it is very clear where the entry 

starts and finishes for that year, do not leave blank lines/spaces in your certification statement. 

3.4.2.2 GREEN AND YELLOW PAGES 

Green and yellow pages: 

a. The Modification Record is a complete list of authorised modifications and the date of incorporation 

{*} 

b. The Repair Record contains records of all (significant, usually structural) repairs carried out {*} 

c. The AD Record is a complete list of ADs and the incorporation date.  For convenience this can be 

separated into General and Specific ADs and into non-recurring and recurring ADs, ie a number of 

pages but easier to check off. {*} 

d. The Lifed Structural Component Record is a complete list of any component that requires changing 

at a defined interval (if any) and details of the life limit and date of changes.  Look in the 

Maintenance Manuals and ADs to complete this list of lifed components. {*} 

e. Weight and Balance Record records the weight and balance data and any changes since the last 

weight and balance. 

Note:  Green and Yellow pages are not certifications, all work must be certified in the Maintenance Log, 

i.e. the front part of the logbook; therefore all ADs will have two entries; one in the AD Record and one in 

the Maintenance Log.  The neatest way to tie all these together is to record the page number of the 

certification against the record entry e.g. (P14).  Make sure the certification is there or an Annual 

Inspector adds one once he has confirmed the AD was completed.  Then complete the AD Record so you 

donôt have to search for all of them every year. 

The Lists marked {*} above will make your life easier next year.  Please add them if your Logbook does 

not have them. 

Remember you are responsible for all work you certify even after you sell the aircraft.  An honest mistake 

is one thing but if it kills someone be sure you always did your work properly.  You have liability insurance 

under GAus if you are a paid-up member at the time of the certification and the sailplane is GAus 

registered and you have followed the regulations and GAus procedures.  

3.4.3 OTHER GUIDANCE 

If you type up certification statements, then glue and staple them into the logbook.  And make a short 

summary statement that you certify in pen in the logbook in case the page goes missing.  Make sure you 

write everything you did.  And be clear, ñAll ADs complied withò tells the coroner nothing.  Whereas ñThe 

following ADs were checked and complied with; GAus AD 123, EASA AD 231, CASA AD/Eng/2.ò says 

exactly. 

a. The Weight and Balance sheet must be recorded as an entry on the W&B pages then put in the 

pocket in the back of the logbook. 

b. All other entries must be neatly handwritten in pen or printed. 

c. Errors are to be neatly crossed out and the correct entry made adjacent to it; liquid paper or white 

out is not to be used. 

The logbook is a valuable and legal part of the sailplane.  Without it or poorly completed and the future 

owner should realise he is taking a chance and expect a large reduction in price.  Look after the logbook; 

store it so it is safe from fire or accidents. 
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3.5 EVALUATION FLYING 

The annual inspection is completed when the sailplane logbook is signed.  The evaluation flight is not part 

of the annual inspection.  However, an evaluation flight must be performed to ensure that the sailplaneôs 

handling characteristics are normal for the type. The inspector should provide the evaluation pilot with the 

information in this section.  The completion of a satisfactory evaluation flight may require multiple 

launches. 

Any defects found are to be recorded under Major or Minor Defects in the Maintenance Release as 

appropriate.  Any Major Defect will mean that the sailplane cannot be flown again until the defect is 

rectified and signed out by an Annual Inspector.  Minor Defects mean the sailplane may continue to be 

flown but the defect must be checked at each Daily Inspection or interval as listed in the MR. 

If the flight is satisfactory the Evaluation Flight Report in the Maintenance Release is signed by the pilot 

and the sailplane can be returned to service.  If you do a run to VNE then tick the box. Otherwise write the 

speed you went to so that future pilots know. 

3.5.1 EVALUATION PILOT AUTHORISATION. 

Pilots must be experienced and authorised in accordance with the GAus Manual of Standard Procedures 

Part 2-Operations. 

3.5.2 PREFLIGHT PROCEDURES 

Once the annual inspection is completed and the maintenance release has been issued, a daily 

inspection should be performed and certified in the new maintenance release.  The DI will normally be 

performed by the evaluation pilot (would you let anyone else do it for you?).  

The sailplane will potentially have had control systems disconnected and reconnected, it is a requirement 

to conduct and document an independent control system check prior to flight.  

An airworthy parachute must be worn. 

The pilot should visually check that the canopy jettison system appears to be operational. 

The pilot must also be aware of things which can go wrong on the flight.  A pilot who is prepared for an 

emergency has a much greater chance of dealing with it.  Things which have gone wrong during 

evaluation flights include: 

a. Control system reversal. 

b. A primary flight control not connected. 

c. Premature release due to incorrect release maintenance. 

d. Vibration and or flutter caused by slack cable control systems, loose hinges, loose bolts, incorrect 

control surface balance etc. 

e. Poor control effectiveness due to incorrect control deflections or missing gap tapes or loose cables. 

f. No ASI indication due to covers left on, plumbing incorrectly fitted, holes drilled through plumbing 

etc., 

g. No altimeter readings due to covers or plugs. 

h. The sailplane does not fly straight due to miss-rigged controls, bad repairs (twisted tailplane or 

wings) etc. 

i. Lack of stability due to errors in the weight and balance calculations (CG too far aft). 

j. Inability to flare due to errors in the weight and balance calculations (CG too far forward). 

k. Structural failure due to defects missed during the inspection. 
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3.5.3 FLIGHT PROCEDURES 

The following procedures should be followed during evaluation flights.  The order of these tests is 

important as discovering a flutter problem part way through a spin recovery would be very unpleasant.  

The pilot should assess that the sailplane is functioning correctly, especially the ASI, before attempting 

the VNE run. 

Multiple launches may be required to complete the entire programme. 

3.5.4 LAUNCH 

Under some circumstances, depending on the work done on the sailplane, an aero tow is the only way to 

gain enough altitude.  In most cases winch launching is satisfactory however two or three flights may be 

necessary to fully check the sailplane. 

3.5.5 FUNCTIONAL CHECK 

Once airborne, the first step is to ensure that the sailplane is functioning correctly. The following items 

should be checked: 

a. You can even abort before takeoff.  In a motorglider make sure you achieve static or normal RPM, 

you achieve the normal acceleration, etc.  Check braking before moving. 

b. Aircraft controllable. 

c. Instruments operating correctly. 

d. Undercarriage operation. 

e. Flap operation (if fitted). 

f. Spoilers or airbrake operation. 

3.5.6 GENERAL HANDLING 

Examine the handling characteristics by flying straight and observing for: 

a. Slip or skid. 

b. Uncommanded roll or turn. 

Gently turn in both directions paying attention to control coordination and controllability. 

3.5.7 RUN TO VNE 

Increase the speed in 10 kt intervals up to the manoeuvring speed, then in 5 kt intervals up to VNE.   At 

each speed check the handling.  If turbulence (thunderstorms, rotor) is evident do not exceed the 

maximum rough airspeed limit.  Do NOT use full controls  above maximum rough airspeed limit, this can 

overstress the aircraft. 

Observe the following: 

a. Vibration or snatching of controls. 

b. Excessive control movements or forces. 

c. Oscillations in yaw or pitch. 

d. Any abnormal structural deformation or movement. 

If any problems are encountered, slow down immediately.  Flutter becomes worse with increasing speed. 

If unable/ unwilling to complete the run to VNE, write the speed attained next to the high-speed tick box in 

Part 1 of the Maintenance Release. 

3.5.8 STALL - STRAIGHT AND LEVEL 

The sailplane should be flown at its minimum sink speed with the wings level and no slip.  The control 

column is pulled back gently to lower the speed by 1 kt per second until either a minimum speed or stall is 

produced.  Recover in the normal way. 
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Observe the following: 

a. The indicated minimum or stall speed. 

b. Aileron control through the stall. 

c. Stall buffet. 

d. Wing drop and tendency to spin. 

e. Difficulty recovering. 

f. Height lost. 

3.5.9 STALL - TURNING 

Only perform this manoeuvre on sailplanes approved for intentional spinning. 

For an effective way to enter a spin (having first done a pre-aerobatic check of course): 

a. Enter a turn at normal circling speed but stop the bank at about 10º. 

b. Smoothly apply an increasing amount of rudder, at the same time maintaining a constant nose 

attitude by progressive back stick movement. 

c. Allow the bank to increase due to secondary effect of rudder - do not ñhold off bankò by crossing 

the controls. 

d. The spin will occur from about 40º bank angle.  

Provided the sailplane is capable of spinning (i.e. it is correctly rigged and within its CG limits), the above 

method is always successful.  Crossing controls at spin entry will usually cause unpleasant effects, such 

as pitch oscillations, and will often inhibit spin development when it would otherwise be possible. 

Recover from the incipient spin after ¼ of a turn using the standard procedure. 

Observe the following: 

a. The motion of the sailplane during entry and recovery. 

b. The maximum speed during recovery. 

c. The height lost (estimate). 

3.5.10 PITCH STABILITY 

Trim the sailplane at 1.4 times the stall speed.  If there is no trimmer fitted note the trim speed.  Gently 

increase this speed by 20% and slowly relax the pressure on the control column.  Note the speed the 

sailplane returns to. Repeat only this time decrease the speed by 20%. 

Function the trimmer to achieve the maximum and minimum trim speeds. 

On easing the pressure on the control column the speed should immediately return towards the trim 

speed.  On some types the speed will oscillate around the trim speed pitching nose up and nose down 

every 20 - 30 seconds.  Provided this can be easily controlled, it is not a problem. 

3.5.11 TURN STABILITY 

Fly the sailplane in both left and right hand turns at 30° angle of bank.  Reduce the speed gently until the 

minimum flying speed is reached.  Complete several full orbits. 

Observe the following: 

a. Minimum speed for a steady turn. 

b. Any control difficulty. 

c. Any abnormal control forces, particularly reversal. 

d. Position of controls during the turn. 

e. Response to small control movements. 
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4 WORKSHOP PRACTICE 

4.1 GENERAL 

Before an inspection can be performed, certain facilities and equipment are required.  Without an 

adequate workshop or the correct tools it is not possible to perform the tests which are required, make 

any rectifications or to disassemble the sailplane. 

4.2 SAFETY 

4.2.1 CHEMICALS 

Minor maintenance which often involves cleaning with solvents, finish touch up and lubrication of 

components is usually associated with most inspections.  

Solvents, greases, paints, resins and other chemicals can enter the body when a person breathes in their 

vapour, through skin contact, or through the mouth from contact with food or fingers.  Vapour can be 

concentrated in enclosed spaces, such as inside a sailplane fuselage, so good ventilation should be 

available.  Some chemicals can impair memory and cause headaches, dizziness, fatigue, mood changes 

or nausea and exposure to high levels can cause liver damage, unconsciousness, death and cancers.  

Solvents can also be flammable so care must be taken to keep them away from sources of ignition, such 

as lead lights.  A battery powered torch is safer in these situations.  

All chemicals used when working on sailplanes should only be used as recommended by the 

manufacturer and detailed in their Safety Data Sheet (SDS) - previously called a Material Safety Data 

Sheet (MSDS).  This is a document that provides information on the properties of hazardous chemicals 

and how they affect health and safety in the workplace.  For example an SDS usually includes information 

on: 

a. The identity of the chemical. 

b. Health and physicochemical hazards.  

c. Safe handling and storage procedures.  

d. Emergency procedures.  

e. Disposal considerations.  

The SDS should always be referred to when assessing risks in the workplace.  A file of relevant SDSs 

should be maintained and kept in the workshop for reference. 

4.2.2 MANUAL HANDLING 

Lifting and moving equipment and materials as well as working in awkward postures are part of most 

inspection tasks.  

Work tasks may involve bending and stretching as well as twisting sideways which increase the risk of 

manual handling injury.  It is possible to control risks associated with manual handling by: 

a. Organising the work to reduce the number of manual handling tasks involved.  

b. Providing mechanical lifting devices such as trolleys, hoists and jacks where appropriate.  

c. Taking regular resting breaks from awkward tasks.  

d. Making sure the workplace layout allows enough space to move and work safely and comfortably.  

If lifting equipment or other aids are not available, the job may require more than one person to achieve.  
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4.2.3 SLINGING AND SUPPORTS 

During inspection and other work, the sailplane will be derigged and the major pieces worked on 

separately.  They can be supported on trestles or in purpose-built cradles.  Parts such as the fuselage 

which can support their own weight may be steadied by slings, ropes or ratchet tie downs. In all cases 

thought should be given to the risk of damage if the sailplane part should fall off the trestle or slings 

loosen.  Clamping wing spars to trestles and using multiple slings for fuselages will reduce the likelihood 

of accidental damage.  

Extra care should be taken both when working underneath major sailplane parts such as when changing 

wheels etc. and when working alone.  People have been killed when the fuselage has rolled on top of 

them and no one was able to assist to lift it off.  

4.2.4 HOUSEKEEPING 

A slip or fall can cause injury to the arms, legs, back, neck or head.  Neck and head injuries can cause 

damage to the spinal cord and nervous system.  Many people have suffered permanent disabling injuries 

because of a fall. Poor óhousekeeping' in the workshop leads to slips, trips and falls.  Oil spills, parts, 

extension cords and hoses left on the workshop floor can all result in preventable accidents.  Bins should 

also be provided for disposal items such as old rags, empty containers, paper and other rubbish.  These 

should not be allowed to overflow. 

4.2.5 WORKSHOP FACILITIES 

It is almost impossible to perform a complete and thorough inspection without a place to work that is out 

of the weather.  If an inspector is trying to work outdoors, then allowance must be made when scheduling 

work for delays due to rain.  Any workshop used should have excellent light as many cracks are 

impossible to detect in dim light. 

4.3 EQUIPMENT 

4.3.1 WORKSHOP EQUIPMENT 

The following workshop equipment is likely to be required by the inspector and so should be readily 

available: 

Å Trestles or other supports. 

Å Bench with vice. 

Å Equipment for slinging. 

Å Mobile lighting. 

4.3.2 HAND TOOLS 

Inspectors require the correct tools for the job.  Each inspector should own a basic tool kit which consists 

of: 

Å Spanner and socket set (1/4ò drive sockets are recommended) 

Å Screwdriver set (Phillips and chisel) 

Å Inspection mirror 

Å Good torch with batteries 

Å Bearing cleaning and greasing equipment 

Å Steel ruler 

As an inspector gains experience the following tools, among many others, should be gradually added to 

their tool kit: 

Å Inclinometer (incidence measuring tool) 

Å Magnet on a stick 
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Å Magnifying glass or loupe 

Å Spring balance or electronic luggage scales 

Å Micrometer or digital callipers 

Å Lock wire pliers 

Å Water tube manometer for ASI checking 

Å A pair of small diameter brass tubes for rope release re-assembly 

Å Various short lengths of non-ferrous rod for drifts and hole alignment tools 

Å Artery clamps for split pins and other small parts 

Å Torque spanner for propellers and spark plugs 

Å Centre punches for bearing peening 

Å Files for minor smoothing 

Å Drill and bits for Perspex relief holes etc  

Å Borescope 

Inspectors should also consider purchasing a cheap set of spanners which can be ñmodifiedò to fit difficult 

to reach nuts and bolts. 

4.4 DISASSEMBLY 

When disassembling a sailplane, particularly if you are not very familiar with it, it is recommended that a 

sketch be made of how all the parts fit together.  The sketch need not be very complicated but it needs to 

show all the relevant details necessary to reassemble the parts.  Instead of a sketch, often a photograph 

on a mobile phone may assist later reassembly. 

If possible, the parts themselves should be marked to show the correct reassembly. Care needs to be 

exercised here because any scratches or dents can form stress raisers that may lead to fatigue cracking. 

Also if the part is repainted then pen markings will be lost. 

4.5 STORAGE OF PARTS 

As parts are removed from the sailplane, small parts should be placed in a sealable container which has 

been clearly marked as to where the parts are from.  Suggested containers are plastic bags with the zip 

closing mechanisms.  These bags often have a printed area which can be written on using a normal pen 

thus making labelling of the parts easier. 

Larger parts must be stored so they are not damaged and are protected from the elements.  Parts that 

are carefully greased each time the sailplane is rigged may have the grease removed during 

maintenance, which makes them susceptible to corrosion, so protection is needed during storage.  

4.6 FOREIGN OBJECTS 

The introduction of foreign objects during maintenance is a problem which is as old as aviation itself. 

Spanners, nuts, bolts, off cuts and personal items such as coins or keys have caused fatal accidents, 

sometimes months or years after the maintenance has been completed.  These foreign objects slowly 

work their way through the structure until they jam the flight controls leaving the pilot with no hope of 

recovery. 

Before closing any compartment, either during a repair or when reinstalling a seat pan or inspection 

panel, a careful inspection, preferably by an independent person, is required to ensure no foreign objects 

are left behind.  All tools should be accounted for and tools should never be placed in the sailplane.  Use 

a separate bench, preferably a mobile one, so that tools are accessible but are not in the sailplane. 

Each part which is removed from the sailplane should be placed in a storage place so that it is not lost 

and can be accounted for. 
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4.6.1 TOOL CONTROL 

Some ideas to reduce the chances of leaving items inside the sailplane are:  

a. Keep socket sets in the original case and spanners in tool rolls for quick identification of missing 

items. Make a dedicated tool holder for other items.  

b. Purchase or paint tools a bright colour to be more easily spotted. 

c. Use a small table to store the tools on prior to use. Using masking tape identify the tools that are 

being used by writing the tool name and sticking the tape to the table. Remove the tape when the 

tools are returned to the table. 

d. Use a tool trolley and cultivate the habit of putting tools down on the trolley. 

e. Do not use tool sets belonging to more than one person. 

f. Place all tools away at the completion of each job or at the end of each working period.  

4.7 REASSEMBLY 

It is preferable that the person reassembling the parts is the person who disassembled it but sometimes 

this is unavoidable. 

When assembling a sailplane following maintenance it is important to ensure that: 

a. Parts are reassembled correctly.  Now is the time that sketches and photographs made during the 

disassembly are useful. When unsure of how a part goes back together the inspector must rely on 

the manufacturerôs manuals and if necessary contact the RMA or EMA for guidance. 

b. All parts are accounted for.  If parts are missing the manufacturer will need to be contacted for a 

replacement and the possibility that the part is located in the sailplane waiting to jam a control must 

be considered.  Even nuts and bolts which are replaced should be accounted for.  Excess parts are 

obviously a problem. 
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5 SAILPLANE MATERIALS 

5.1 GENERAL 

The inspection of sailplanes requires knowledge of the properties of the different materials that sailplanes 

are constructed from.  The inspector must know the failure modes the material is likely to exhibit when 

overloaded and the signs which are exhibited once failure has occurred. 

5.2 MATERIALS 

Sailplanes can be constructed from a number of different materials and it is important for inspectors to 

know the tell-tale signs of damage in each.  Materials can be broadly classified into two classes according 

to their failure mode; brittle and ductile.  Brittle materials fail by catastrophic cracking and usually show 

little sign of damage prior to failure.  Ductile materials permanently deform steadily above the limit load 

and can carry significant loads up to ultimate failure. 

 

Figure  5-1  Ductile And Brittle Materials  

Thin materials loaded in compression or shear can also fail by buckling.  Most buckling failures are 

catastrophic because the material deforms and the new shape is only able to carry less load. It is possible 

for structures loaded in shear to undergo elastic buckling during which the sheet continues to carry load 

and returns to its original shape when the load is removed.  This type of buckling is usually found on the 

top surface of wings during flight and is regarded as normal behaviour of the structure.  If a buckled 

shape is present after the load is removed, then a repair is required. 

5.3 FRP CONSTRUCTION 

Composite materials are constructed by wetting out layers of cloth, one on top of the next, using a liquid 

resin which then sets binding the fibres together so they are strong and stiff.  This ómixingô of materials 

produces a composite material which is better than the original components.  The fibres increase the 

toughness of the resin and the resin holds the fibres in place so they can hold the load better and 

prevents the individual fibres from buckling under compression loads. 



Basic Sailplane Engineering, AIRW-M005 

 

Version 25.1  Date of Issue: 01/06/26 Page 53 of 415 

 Uncontrolled if Printed 

This laminating of the material allows the strength of the part to be tailored to provide strength where it is 

needed.  This is done by orientating most of the fibres in the direction which has the largest load.  

Examples of this are the orientation of the fibres at ±45° to the flight directions in the wing skins as this is 

the direction of highest load due to wing torsion. 

The only exception to laminating of layers is when the loads are simple compression or tension. The cloth 

material is replaced by long strands of fibres called rovings.  These are very good at carrying pure tension 

or compression and so are used in the spar caps to provide maximum strength in the required direction. 

The epoxy resin and the fibres are brittle, with carbon being extremely brittle.  Therefore composites are 

brittle in their failure mode. 

5.3.1 GENERAL COMPOSITE INSPECTION TECHNIQUES 

Techniques which can detect damage in all composite materials are as follows: 

a. The exterior surface may be deformed showing buckles or waviness where the skin is no longer 

attached to the internal stiffeners. 

b. An actual fracture surface which can be seen or felt. Be careful as sharp fracture surfaces easily 

cut skin. 

c. The gelcoat surface will show cracks.  Paint materials are more flexible than the composites they 

cover and so an impact which cracks the matrix will not necessarily crack the paint.  Painted 

sailplanes require very careful inspection. 

d. A strong light shone along the surface (at a very flat angle) will high-light defects by casting a 

shadow. 

e. A light placed inside the structure will allow any cracks or defects to be seen as they will tend to 

show up as dark shadow lines.  This test requires a dark workshop and a strong light. It will not 

work through sandwich construction. 

f. The tap test, where a coin or similar round edged, hard object, is tapped over the surface is a 

reliable method of finding damage in FRP sailplanes.  If the part is damaged the sound will be dull 

compared with undamaged structure. 

g. Placing a stethoscope on the structure and then deflecting it may find damage because any 

fracture surfaces will rub against each other as the structure is deflected. 

h. Ultrasonic inspection is becoming normal practice for composite inspection of airliners. While this 

method is not yet used with sailplanes, this it may well change in the future. 

i. Inspection cameras on cables, typically attaching to a computer's USB port, are now cheap and 

they enable internal inspections which were previously very difficult.  

5.3.2 GLASS REINFORCED PLASTIC 

The inspection of Glass Reinforced Plastic (GRP) is relatively easy because damaged areas turn white.  

This change of colour is marked and provides a reliable guide to presence of damage.  

A problem area with GRP is where it is subjected to crushing loads, such as occurs under screw or bolt 

heads. In time, the hole enlarges and the component may become unserviceable until repaired.  

5.3.3 CARBON FIBRE AND KEVLAR REINFORCED PLASTIC (CFRP AND KRP) 

When the fibre reinforcement is Carbon or Kevlar, the detection of damage is much more difficult. Unlike 

GRP, damaged CFRP and KRP do not change colour when damaged.  Parts must therefore be 

examined more closely and other techniques used to detect damage.  Be aware that CFRP in particular 

can transmit overloads through the entire structure and damage may exist well away from the point of 

impact. 

5.3.4 DELAMINATION 

One of the most common failure modes of composite materials is delamination.  This is the separation of 

the layers of fibres caused by failure of the matrix material. 
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When the components are laid up in one cure cycle, chemical bonds form throughout the part and 

delamination is unlikely in normal situations. 

Delamination is most likely to occur where parts have been manufactured and then joined together by 

some form of glue or else when the original layer has been allowed to cure before more layers are added.  

Failure in these locations is more likely because the bond on the surface is mechanical, ie the bonding 

resin only flows into the tiny sanding marks in the surface of the part being joined to.  Despite this a 

properly prepared surface can give a mechanical bond which is as strong as a wet layup one. 

When preparing a part for a wet-on-dry layup, it is a good idea to blow the part clean and look for shiny 

spots which indicate insufficient sanding.  

5.3.5 CRACKING 

When a composite structure is overloaded, it is common for the structure to be deflected and damaged 

and then to spring back to the original shape.  The consequences of this are that the structure may look 

largely intact with only a small fracture in the finish but the damage can be very serious with delaminated 

bulkheads and shattered skins. 

Other cracks can be the result of fatigue.  Like sailplanes constructed of other materials, these often form 

around the corners of the airbrake boxes, especially on the lower surfaces which are subject to tension.  

Fatigue cracks in sailplanes of composite construction can also grow in parts subject to compression.  

Once some small damage has occurred, the crushing of the damaged matrix material causes the 

damaged area to grow. 

5.3.6 FAILURE OF SANDWICH MATERIALS 

There are two primary failures which occur to sandwich materials; the outer layers of fibreglass can 

separate from the foam or balsa core and the core material itself can be crushed or damaged.  

Delamination can best be detected by the tap test and because the separated laminate tends to bubble 

up from the core creating a bulge.  Crushed core material is normally detected because the surface is 

dented or pushed in. 

5.3.7 GELCOAT CRACKS 

Cracks in gelcoat are caused by deflection of the underlying structure taking the gelcoat past its limits, 

this may or may not damage the underlying structure, or by failure of the gelcoat itself.  Gelcoat failure is 

usually the result of exposure to ultraviolet light, water and the presence of microscopic scratches which 

are introduced during the final sanding of the gelcoat. 

Impact cracks are usually identified as they seem to originate from a point and radiate outward or they 

follow the stress lines of the sailplane.  Gelcoat failure cracks tend to be fine, close together lines which 

run fore-aft on the wings except for the leading edges where they run span wise following the sanding 

marks along the mould line. 

5.4 WOOD CONSTRUCTION 

Sailplanes constructed from wood are in many ways similar to inspect to FRP because timber fails in a 

brittle manner.  The inspection techniques in Section 5.3.1, except for shining a light through the 

structure, are effective on wooden structures.  In addition, wood structures have failure modes which are 

specific to timber construction and these must be inspected for. 

5.4.1 COMPRESSION SHAKES 

Perhaps the most insidious failure that can occur in a sailplane is the compression shake.  A compression 

shake occurs when timber is subject to a shock compression load. Shakes leave the timber almost 

unmarked with no deformation or change in shape but the strength of the material is reduced to almost 

zero. 

Compression shakes are microscopic buckling of the cellulose fibres in the timber.  These buckles 

effectively sever the fibres which provide the timberôs strength.  Only the most careful inspection will 

detect shakes and often the only sign is damage to varnish across the shake. 
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Figure  5-2  Compression shakes  

5.4.2 DRY ROT 

Dry rot is a fungal growth in timber which eats away at the strength of the part.  Despite its name, dry rot 

only begins in the presence of water and it can be detected by a bluish discolouration which looks 

something like water ótideô marks. 

As the fungus is eating away the cellulose, the strength of the timber reduces very rapidly from the onset 

of dry rot and this is why wooden sailplanes should never be allowed to get wet. 

5.4.3 GLUE FAILURE 

Repairs to older wooden sailplanes and newly constructed amateur built wooden sailplanes use, almost 

universally, epoxy glues to join the timber.  The epoxy is many times stronger than the timber being joined 

and because it is inert, once set, it is immune to the effects of water and fungus.  Unfortunately many of 

the older glues are not so stable. 

Resorcinol is a black glue which also shows as black lines between the various components. Like epoxy, 

resorcinol is very resistant to water damage and fungal attack but it requires high precision in the fit of 

one part to another.  For this reason careful inspection is required as components which have gaps 

between them are unlikely to have a full bond. 

Older glues such as casein are very susceptible to water damage.  Sailplanes constructed from casein 

are best inspected by nose!  If casein is wet it gives off a strong, unpleasant smell and reduces to zero 

strength almost immediately.  Another type of glue which has shown a tendency to failure when wet is 

Kaurit.  Kaurit was used on older German types such as the K7.  Kaurit is a pink glue and sailplanes 

which have been wet or have resided in a tropical climate are very likely to have failure of this type of 

glue. 

5.4.3.1 THE FINGERNAIL TEST 

In several regions of the sailplane small gussets should be given "The Fingernail Test" to determine the 

quality of the glue joint.  The fingernail test is performed by inserting a fingernail behind the gusset and 

applying pressure until it feels uncomfortable.  Note: If small gussets cannot be broken off using 

reasonable finger pressure then the glue is considered to be satisfactory.  If the gusset breaks off the 

surfaces must be inspected and interpreted as follows: 

a. Failure in the timber, shown by wood fibres attached to the glue, indicates that the glue is in good 

condition.  Gussets must be glued back on by appropriately rated persons. 



Basic Sailplane Engineering, AIRW-M005 

 

Version 25.1  Date of Issue: 01/06/26 Page 56 of 415 

 Uncontrolled if Printed 

b. Failure of the glue, no wood fibres attached to the glue, indicates that the glue is in poor condition 

and further investigation must be undertaken to determine the extent of the substandard glue and 

repairs made as necessary. 

Wherever there are signs of water having entered the structure the fingernail test must be performed. 

5.4.4 FAILURE OF FABRIC COVERINGS 

Most sailplanes constructed from timber and the control surfaces of many FRP and aluminium sailplanes 

are covered by fabric to give the aerodynamic surface.  All fabric is a lifed component and will, due to 

exposure to heat, dust, moisture and especially UV light, gradually weaken until it can no longer be 

considered airworthy. 

Fabric can be divided into two classes.  The older cotton fabric which is tensioned on the airframe using 

tautening dopes (dopes which contract as they dry removing the slack from the fabric) and the more 

modern polyester fabrics which shrink onto the airframe after heating.  Cotton in regular use has a life of 7 

to 10 years, whereas the heat-shrink fabrics seem to last at least twice as long. 

Inspecting fabric requires significant experience to determine whether the strength has degraded to the 

point where the fabric requires replacement.  Signs that the fabric is nearing the end of its life include: 

a. Loss of tension. 

b. Permanent dimples introduced by a solid push with the thumb. 

c. Cracks in the paint surface. 

d. A slight tearing sound when the fabric is loaded with the thumb. 

5.5 METAL CONSTRUCTION 

Sailplanes constructed from metallic materials exhibit different failure modes than those constructed from 

FRP or wood.  This is because metals tend to exhibit ductile failure. Materials which have ductile failure 

modes have a limit load and if the loads in the part are less than this it returns to its original shape but if it 

is loaded to more than its limit load if takes on a deformation which remains after the load is removed. 

5.5.1 RIVET FAILURE 

When a sailplane constructed from sheet aluminium is overloaded, it is common for the rivets that attach 

one part to another, to fail. If the load is high enough, the rivet will fail completely and fall out of its hole.  If 

the load is less than that required to completely fail the rivet, the heads of the rivet will remain in place but 

the rivet may be damaged such that its strength is significantly reduced. This can take the form of tilting of 

the rivet head or partial shearing through the shank. 

 

Figure  5-3  Tilting Of Rivet Head  
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Figure  5-4  Partially sheared rivet  

In addition to overloading, rivets may loosen and move in their holes.  This is known as a working rivet. 

Because the rivet moves in the hole the internal surfaces rub against each other which continuously 

removes the protective oxide coating.  The removal of the coating allows corrosion to occur and the 

corrosion products form a black ring around the rivet head. 

A certain number of working rivets is allowed but the actual number varies from type to type and with the 

position of the rivets on the sailplane.  For this reason the sailplaneôs Maintenance Manual should be 

consulted to determine the maximum number of working rivets allowable at any location. 

5.5.2 FATIGUE CRACKING 

Metallic materials, much more than other materials, are prone to fatigue cracking.  These cracks are a 

result of repeated loading of the part and are most likely to occur at holes and cut outs as these increase 

local stresses to many times what the material would experience if the discontinuity was not there.  

Fatigue cracks are usually very fine and the non-destructive testing methods of Section 26 are well 

proven methods of finding these cracks. 

 

Figure  5-5  Fatigue Cracks Initial Stages  
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Figure  5-6  Final Stages Of Fatigue Cracking  

5.5.3 BUCKLING 

All thin materials can fail by buckling, however aluminium based materials are more likely to take on a 

permanent set after buckling because they are ductile.  The change of shape after a structure has non-

elastically buckled causes a significant reduction in the strength of the part as it is no longer correctly 

aligned to take the load.  Aluminium structures must be carefully inspected for creases and wrinkles 

which may have been caused by buckling.  If buckling is detected the internal structure requires careful 

inspection as frames, ribs, bulkheads or stiffeners may have been damaged. 

5.5.4 INTER-RIVET BUCKLING 

Buckling on a small scale can occur between rivets causing corrugations in the metal. 

 

Figure  5-7  Inter -Rivet Buckling  

5.5.5 CORROSION 

Metallic materials are susceptible to corrosion however the degree of susceptibility and the type of 

corrosion depend on the type of metal and the alloying elements which have been added to produce the 

desired material properties. 

5.5.5.1 STEEL 

Steel is an alloy of iron and carbon. When it corrodes, the iron combines with oxygen in the presence of 

water to form iron oxide which is the familiar red powder seen on rusted steel. Iron oxide is a crumbly, 

porous material which retains water and allows the corrosion process to continue. 
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Small surface corrosion of steel can be tolerated provided the surface is repaired. The old paint should be 

removed and the rust treated with a rust converter (phosphoric acid). The paint must be renewed to 

prevent the rust returning. Large areas of corrosion require replacement of the component. 

5.5.5.2 ALUMINIUM 

The most common aluminium used in aircraft structures is an alloy of pure aluminium and copper. 

Aluminium is very easily corroded forming aluminium oxide. Fortunately, aluminium oxide bonds very well 

to the underlying metal and provides a protective coating which prevents further corrosion. 

Pure aluminium produces the best oxide coating therefore aluminium alloys corrode more readily than 

pure aluminium. To take advantage of this many aircraft are manufactured from Alclad where a thin layer 

of pure aluminium is coated onto the stronger alloyed aluminium so providing improved corrosion 

resistance. 

The most common form of corrosion seen on aluminium sailplane skins is pitting corrosion which starts 

with a small defect, often a stone chip, which disrupts the protective coating and allows corrosion to start. 

The newly formed surface layer will be imperfect and so corrosion can grow at this spot. 

While aluminium and copper (plus a few extra trace elements) are the most common alloy for sheet 

metal, the larger aluminium parts such as spar caps and fittings are manufactured from different alloys. 

These parts are often extruded and need to be stronger, because of the concentrated loads, than the 

copper alloys. Typical alloying materials are magnesium and silicon. 

These alloying elements and the extrusion process which is commonly used to manufacture the part, 

results in a susceptibility to exfoliation corrosion. Exfoliation is corrosion between the grains of the 

material and is characterised by swelling of the material as corrosion products form a white powdery dust. 

5.5.6 FAILURE OF STEEL TUBES 

Steel tube structures fail in a number of ways.  They can gradually deform over time which changes the 

angle between the wings and the tailplane.  This can have a significant effect on the controllability of the 

sailplane and may make the level reference used for weighing invalid. 

Steel tubes subject to high compression loads can fail by forming a bulge adjacent to a cluster joint. 

These bulges require special inspection, especially following heavy landing as they are difficult for the 

untrained eye to spot.  The tubes appear to be normal to a casual inspection and only careful inspection 

of each junction will reveal their presence. 

5.6 METAL FITTINGS 

The inspection techniques for metal fittings do not differ significantly from the techniques for other metal 

airframes except that the area where metal fittings attach to timber or FRP structures are often a weak 

point.  Points to look for include whitening of the surrounding FRP, loose bolts, crushed timber and 

cracking of the fittings. 

Spigot pins are constructed with a taper to aid in assembly of the parts and these can be damaged by 

misaligned bearings during the assembly process.  When next assembled the damage marks on the pins 

can catch on the bearings, knocking them out of alignment and making rigging difficult.  Any ridges or 

burrs on the pins should be dressed out with a fine file and emery cloth paying special attention to 

ensuring the surfaces the bearings normally bear on are not damaged. The use of extreme pressure 

grease is recommended. 

Spigot pins are subject to wear, especially if play is excessive. Check for this by noting the fore and aft 

wingtip play on the assembled sailplane.  Be prepared to replace worn spigot pins when necessary. 
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6 LOADS ON SAILPLANES 

6.1 GENERAL 

When inspecting a sailplane a good knowledge of the loads it is likely to be subject to is required. The 

loads which are imposed on the sailplane structure during normal operations fall into four broad 

categories:  Manoeuvring loads, gust loads, launching loads and landing loads. Additionally, powered 

sailplanes are subject to engine and propeller loads. 

The load cases and numbers presented here apply to sailplanes which have been certified to JAR 22 

introduced in 1980. Older sailplanes are certified to earlier standards and the numbers and meanings of 

some terms when applied to these sailplanes are slightly different. Since 2002, most European sailplanes 

have been certified to CS22. Other standards may be adopted but the differences are not likely to be so 

significant that this text, BSE, is made invalid. 

When inspecting a specific sailplane, the information contained in the Type Certificate Data Sheet 

(TCDS) is primary, or a GAus Data Sheet if no TCDS, and the manufacturerôs Flight and Maintenance 

Manual is authoritative. The latest versions apply for the life of the sailplane. 

6.2 MANOEUVRING LOADS 

Manoeuvring loads are those imposed on the structure when the pilot moves the control column, the 

rudder pedals, the airbrake handle or the flap lever. 

6.2.1 SYMMETRICAL LOADS 

Symmetrical loads are primarily generated by moving the elevator although changing flap settings and 

opening the airbrakes can significantly affect the load distribution over the wings. When the sailplane is 

designed it must be proven to be strong enough throughout the Manoeuvring Envelope. 

 

Figure  6-1  Manoeuvring  Envelope  (JAR 22 Utility Category G Loading)  

The manoeuvring envelope is a plot of normal force as a ratio of the normal force necessary for steady 

level flight (the ógô loading) versus speed. The sailplane must be able to withstand the forces inside the 

envelope and it may fail if it is taken outside the envelope. 
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The region from zero up to the stall speed is only of academic interest as the sailplane cannot maintain 

steady flight. From the positive stall speed up to the manoeuvring speed (VA) it is not possible for the 

sailplane to be flown outside the envelope because the wing stalls. The designer must prove the sailplane 

is strong enough to withstand the maximum g loading. Above VA it is possible for the pilot to damage the 

sailplane by careless use of the controls. 

The negative case is similar (except the g loads are negative of course) and the differences can be 

explained as follows: The aerofoil is less able to generate negative g load so the -1g stall speed is faster 

than the +1g stall speed (if the section was symmetrical then the stall speeds would be the same) and the 

sailplane is not required to be as strong in negative g.  

The table below shows the limit g loading for a Utility Category sailplane certified to JAR 22 and CS-22. 

n1 at VM +5.3 g 

n2 at VNE +4.0 g 

n3 at VNE -1.5 g 

n4 at VM -2.65 g 

Figure  6-2 Utility Category G Limits  

The table below shows the limit g loading for an Aerobatic Category sailplane certified to CS-22. 

n1 at VM +7.0 g 

n2 at VNE +7.0 g 

n3 at VNE -5.0 g 

n4 at VM -5.0 g 

Figure  6-3 Aerobatic Category G Limits  

6.2.2 LOADS IN THE SAILPLANE (SYMMETRICAL MANOEUVRING) 

When a sailplane is manoeuvred, the wings generate the increased lift to accelerate the sailplane. In 

addition, the tailplane loads change because an increased force is required to rotate the aircraft to 

increase the angle of attack and hence the wing lift 

 

Figure  6-4  Spanwise Load Distribution  

Air load distribution at 1g 

Air load distribution at 5 g 

Wing deflection 

at 1 g 

Wing deflection at 5 g 

Air load 
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This increase in wing lift bends the wing upward as shown above and results in compressive stresses in 

the top spar cap and tensile stresses in the lower cap. The upload on the wing combined with the tail 

download in the fuselage and the increased óapparentô weight of the pilot(s) results in stresses in the 

fuselage as shown below 

 

 

Figure  6-5  Loads in the Fuselage During Positive Manoeuvres  

In the positive load case there is also a distributed download over the tailplane which is of similar shape 

to the wing loads but reversed. This results in compressive loads on the underside of the tailplane and 

tensile loads in the top surface. 

Because the angle of attack is increased to provide the extra lift the induced drag on the sailplane wings 

also increases.  This extra drag acts on the wings and tends to pull them backwards. This will place the 

rear wing pick-ups into compression and, depending on their design, will place the forward pick-ups into 

tension. 

During negative manoeuvres the concept of the loads is similar but they are reversed. 

6.2.3 ASYMMETRIC LOADS 

If a pilot applies aileron or rudder, the resultant loads on one side of the aircraft are different from the 

other side. 

The application of aileron causes an increase in lift on the side with the down going aileron and less lift on 

the side of the up going aileron. Application of rudder will cause side loads on the fin and the secondary 

effect of rudder (roll) results in asymmetric loads on the wing. The diagram below gives a conceptual idea 

of the loads and deflections on a sailplane during a typical asymmetric manoeuvre. 
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Figure  6-6  Combined Loads During a Rolling Pull Up 

6.3 GUST LOADS 

When a sailplane flies through air with varying up and down velocities, the angle of attack on the wing 

changes.  This results in changing loads on the sailplane.  The designer is required to prove the sailplane 

is strong enough to withstand the maximum gust strength the sailplane is likely to experience. 

Sailplanes which have been certified under JAR 22 are required to be strong enough to withstand a 

vertical gust of ±15 m/s (º 30 kts) at the rough air speed and a gust of ±7.5 m/s (º 15 kts) at the design 

dive speed. 

Some older sailplanes are required to withstand a ±10 m/s gust at the design dive speed and so do not 

have a rough airspeed as such.  The actual strength of the wing and fuselage which is required to meet 

these requirements is similar. 

If a sailplane has a Maximum Rough Airspeed and it is being flown below that speed, then the wing will 

stall before the structure is overstressed. 

 

Figure 6-7  Gust Flight Envelope  

6.4 LAUNCHING LOADS 

During launching additional loads are imposed on the sailplane.  These are quite simple during aerotow 

as the sailplane is flying normally and the only addition is the pull on the aerotow release. This pull is a 

maximum during the initial acceleration.  During the steady climb (with no gusts or pilot inputs) the cable 

loads are low and may be estimated as per the following example: 

L

D
=30

 

L = Weight (for steady flight) = 400 kg 

D = cable load (or the sailplane would accelerate or decelerate) = 400/30 = 13.3 kg of cable tension. 
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6.4.1 WINCH LAUNCHING LOADS 

When a sailplane is winch launched, the loads imposed on the structure by the launch method are 

substantial.  The pull on the cable can be thought of as extra payload in the fuselage. Because the 

stresses due to this are high, the wing is not able to withstand the manoeuvring loads (5.3 g) during the 

launch.  For this reason the maximum speed which is permissible during the winch launch is reduced so 

the wing stalls or the weak link breaks before the sailplane structure is overstressed. 

6.5 HEAVY LANDING AND GROUND LOOP LOADS 

When a sailplane is subject to a heavy landing or a ground loop the inspector must understand the loads 

which the sailplane is likely to have been subjected to so that the inspection can cover the likely damage 

points.  Refer to Section 8 for more information. 
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7 FLIGHT OVERLOAD 

7.1 GENERAL 

The design strength of a sailplane is described in this chapter using the manoeuvre and gust envelopes 

as illustrated in this chapter with diagrams.  Please refer to these as you study the following.  (Getting a 

printout of the relevant pages may help).  

Remember that safe flight is within the envelope.  

 

Figure  7-1  Flight envelope  

The manoeuvre envelope shows the design limits of a sailplane flying in still air.  You will notice that at 

VA, it is possible to reach the design limit of 5.3 g (at which a 100 kg pilot is effectively a 530 kg pilot) by 

application of the elevator alone, provided the elevator is sufficiently powerful to stall the wing at this 

speed. 

But we don't usually fly in still air, so the next envelope (the gust envelope) is important. On this diagram, 

please note VB, the rough air speed. This corresponds to the loading produced by an up-gust of 15 m/s 

(30 kts). 

 

Figure  7-2  Gust loading  
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But look more carefully and compare this diagram with the previous manoeuvre envelope.  See how the 

top left-hand corner shows that flying close to the rough air speed and using coarse elevator control can 

lead to flight outside the envelope, and therefore outside the design strength of the sailplane.  

Next, consider weight. As we saw with the 100 kg pilot, the loads carried by the structure depend on the 

g-force multiplied by the weight carried.  This is why the cockpit weight allowance is placarded, and why 

the "weight of the non-lifting parts" is an important airworthiness measurement.  

Now look at the high-speed limits. The top right corner corresponds to 4g and an up-gust of 7.5m/s at VD, 

the design dive-speed.  What is the risk here?  The answer is ñflutterò.  Before this was understood, a lot 

of pilots in fast aircraft suffered a terrible surprise as their aircraft disintegrated around them.  It is a very 

real result of flying faster than the design of the aircraft allows. Sailplanes have suffered from flutter, FRP 

is more flexible than metal, and therefore flutter is a real possibility. For this reason, it is critically 

important that control surface weight and balance limits be adhered to and control surface free-play be 

kept within allowable limits. 

Especially with low-drag modern sailplanes, it is possible that some aerobatic situations will result in flight 

outside the design envelope. Dives and negative ñgò manoeuvres are examples of this. 

7.1.1 WINCH LAUNCHING 

There is an exception to saying that "flight within the envelope is safe" and that is when the sailplane has 

a big additional load applied which is not considered in the envelopes.  That load is the launch cable or 

tow-rope. 

The additional load of this cable or rope makes it necessary to specify a new and lower maximum speed 

during launching to ensure that the wing will stall before its design loading is exceeded. 

In addition, a weak link is included in the cable assembly (or is inherent in the rope used) which is 

designed to protect the sailplane from overloading due to pilot error.  Please refer to the GAus "Winch 

Launch Manual". 

Note that impact loads due to rigid cables can result in much higher loads.  The normal spring wire is 

heavy and hangs in a loop; this provides give which reduces loads.  However modern dyneema and other 

light synthetic winch cables or even tow ropes are very rigid and hang straighter so they have less give.  If 

changing cables, be aware and if you feel more shock loads in the sailplane or have more weak link 

failures, you may need to include a óspringô to absorb shock.  Rather use proven technology. 

7.2 WHEN CAN OVERLOAD OCCUR? 

Aerodynamic overload, other than flutter, will only occur if the sailplane is flown outside its placarded 

speeds and weights and then subjected to pilot-induced or atmospheric loading.  

The following list covers most overload possibilities: 

a. Aerobatics: 

i. Executing manoeuvre and aerobatics the airframe was not designed for. 

ii. Applying full control deflection at speeds higher than the placarded maximum manoeuvre 

speed. 

b. High speed flight: 

i. Flying faster than the placarded max rough airspeed and encountering turbulence. 

ii. Flying faster than the max manoeuvre speed and applying coarse control surface deflection. 

iii. Coarse use of dive-brakes at high speed. This can cause an overload due to the rearward 

force transmitted through the wings to the spars and attachment points, as well as 

overstressing the dive-brake mechanism itself.  It is not unknown for dive-brakes to "suck 

open" by themselves as a result of high-speed flight and incorrect adjustment of the dive-

brake mechanism.  
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iv. Coarse use of flaps at high speed. Positive flap increases the wing lift at any speed, and 

therefore increases the loading produced by gust or control inputs.  

c. Winch launching: 

i. Exceeding the maximum winch speed and encountering a strong vertical gust. 

ii. Exceeding the maximum winch speed and applying coarse control inputs. 

d. Aero-towing: 

i. Exceeding the maximum placarded speed and encountering severe turbulence. 

e. Flying overweight: 

i. Flight in excess of placarded limits. Each limit is specified to correspond to a design strength. 

f. Non-airborne overload: 

i. Ground Loops.  These occur when a wingtip digs into the ground and the sailplane rotates 

around this wingtip.  The tail can slam onto and dig into the ground while the fuselage is 

rotating at high speed. The sideways momentum of the sailplane tail-end can then twist the 

fuselage into a torsional failure.  

ii. Tail Slam.  Some 2 seaters sit nose-down with a front pilot and tail-down with none. Serious 

damage can occur if the tail is allowed to slam down onto a hard surface. But even single-

seaters can suffer tail-slam, for example as the result of heavy braking.  

iii. Heavy Landings.  The vertical speed of the sailplane is greater than designed for when it 

contacts the ground. 

The sailplane design contains energy absorbing features such as the deflection of the tyre, the deflection 

of the entire structure including the wings, and maybe features such as energy-absorbing undercarriage 

struts.  If the downwards kinetic energy of the sailplane arrival exceeds the sum of the energy-absorbing 

features, then damage can result.  

7.3 FLIGHT OVERLOAD INSPECTION 

As with heavy landings, damage can be expected anywhere and not be obvious. Here is a checklist.  All 

these things have happened in practice: 

a. Equipment dislodged. 

b. Critical fuselage areas (in front of the fin, near the wing leading edge and trailing edge, near the 

main wheel, near the tail wheel or skid, near the wing /fuselage connection pins). 

c. Rudder and rudder stops. 

d. Wing root area, especially near the lift-pins and the main spar. 

e. All flight control-runs. Rods can be buckled, cables can be stretched and fittings can be distorted.  

f. Water ballast tanks can be damaged causing leaks. 

g. The wing leading edge itself may be damaged, especially along the join-line, where the wing upper 

shell joins the wing lower shell.  

h. Dive-brake/wing box damaged.  

i. Torsional damage to wing. 

j. Bending damage to wing. In positive g loading, the upper side of the wing will have compression 

damage (buckling, delamination and creasing) while the underside will show tension damage, 

especially cracking. 

k. Bending damage to tailplane. A little-known effect of over-speeding can be that the tailplane is 

damaged in downwards bending. Why downwards?  Because the faster the forward speed, the 

more downwards force the tailplane must provide to counter the nose-down pitching moment of the 

wing.  Thus the compression damage will be in the tailplane underside. 

l. All flight control hinges and stops strained or otherwise damaged, (flaps, ailerons, elevator and 
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rudder). 

7.4 FRP OVERLOAD INDICATION 

Fibre Reinforced Plastic (FRP) is a wonderful material as far as overload inspection is concerned if it can 

be seen properly. 

Here's why: The plastic, that is the epoxy resin, is translucent and it stays that way with normal loading. 

But in an overload, the resin is less elastic than the glass fibres. It then fails in the form of millions of tiny 

cracks. These have the effect of making the translucent resin appear opaque white.  

So white around stressed areas is a good indication of overload. Further, the white areas do not transmit 

light, and so a light inside the fuselage at night will enable overstressed areas to be seen. Unfortunately, 

this light trick doesn't work with wings because the foam sandwich material is impervious to light. 

7.5 OTHER INSPECTION TECHNIQUES 

7.5.1 SOUND 

Sound can be a useful inspection technique when used as follows: 

a. Tapping the area being investigated (an object like a coin is used) can reveal information about the 

underlying structure. For example, it is easy to tell where the main spar is located, in particular, any 

delamination or loss of bonding between the FRP and the sandwich core will show a distinctly 

different tap sound. 

b. Listening, with an ear on the surface or with a stethoscope, while an assistant applies loads, can 

enable internal movements to be heard. 

c. Ultrasonic inspection machines are already in use for airliners, and it is expected that they will soon 

be available for sailplane inspections. 

7.5.2 FEEL 

The hand is quite sensitive to ripples in a smooth surface and sometimes a defect can be felt before it is 

seen. 

7.5.3 SIGHT 

Sight is a useful and most common inspection techniques, such as: 

a. The use of a strong light, placed very low on the surface, can reveal defects not obvious in normal 

light.  As with the interior light test, this is best done at night. 

b. Sighting up the whole sailplane is an often overlooked check. Although composite structures have 

a strong tendency to spring back into shape, they may not do so completely. 

c. Is the tailplane still true with respect to the wings?  Sighting from the front or rear will show this. 

d. Are the wings still straight with respect to the fuselage?  Measuring from each wingtip to the fin will 

show this. 

e. Are the wing and tailplane incidence still the same?  A water-filled tube can be used to check the 

incidence of each wing and the tailplane. 

7.6 GELCOAT CRACKS 

Gelcoat, generally polyester resin with white pigment added, is less elastic than the underlying FRP.  This 

means that cracks in the gelcoat may or may not be an indication of underlying damage. 

Interpreting gelcoat cracks takes a lot of experience, so don't be shy about asking for help from senior 

people in the GAus.  It is not at all unusual for experienced inspectors to carefully remove gelcoat along a 

crack to see if the crack continues into the underlying FRP. 
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The need for care cannot be overstated. The glass/epoxy layer is eggshell-thin, and it can easily be 

damaged by sanding. Here are a few techniques which do not involve sanding: 

a. Mark the end of the crack and then apply loading and flexing to see if any movement can be seen 

or any growth of the crack occurs, or any sound can be heard. 

b. Use your internal light source, if possible, for a fuselage. 

c. Use an internal camera or borescope for a wing, looking for damage to the inner skin in the vicinity 

of the outer crack.  The internal control-fittings in the wings can also be examined, looking for 

distortions or damage to the structure where they are fixed. 

7.7 CARBON REINFORCED PLASTIC 

Carbon fibres are much stiffer than glass fibres and they are opaque black.  There is good and bad 

resulting from this: 

a. A good feature is that gelcoat cracks are less likely to occur in the absence of underlying damage.  

Compared with FRP, CRP is brittle. 

b. A bad feature of CRP is that the structure can transmit forces such that damage can occur well 

away from the point of impact.  While this possibility cannot be overlooked with glass, it is much 

more so with carbon.  

7.8 INTERNAL INSPECTION TOOLS 

Years ago, inspectors were limited to lights and mirrors to see inside closed areas such as wings. Then 

affordable borescopes became available and more recently small USB cameras that plug into a laptop 

computer.  They are quite cheap and great for taking photos.  They enable the inspector to examine, for 

example, the inner skin of a wing and the leading edge joint from the inside.  But donôt be misled as most 

do not have the resolution to see fine cracks and the old optical borescope works better. 

7.9 WING LIFT PINS  

These are the connection between the wing and the fuselage.  There are 4 lift-pins and they carry all the 

non-lifting parts.  Even the tailplane is a non-lifting part, as we discussed when considering lift-pins in the 

overload possibility from over-speed.  

In most sailplanes (Astirs are an exception) the pins are free to move in and out of the bearings. They do 

this in flight in response to yawing forces. The effect of this movement and the steel-to -steel contact is 

that wear can occur quite rapidly. 

The wear on these pins is therefore an important maintenance check and their replacement must be 

regarded as a standard procedure.  Excessive wear will cause the wings to have unwanted free-play, with 

a reduction in the flutter threshold. 

When inspecting these pins after a heavy landing or suspected flight overload, the first procedure is 

visual: is there any evidence of distortion of the pins themselves or in the structure which holds them?  Is 

there any sign of overload in the epoxy in the vicinity of the pins?  Can a camera or borescope be used to 

inspect the inner wing root? 

The second procedure carries the risk that damage may be caused from the investigation when none 

existed to begin with.  A tube is put over the pin to enable more force to be applied than is possible with 

the hand.  This obviously requires care and experience, the aim being to apply enough force to detect a 

damaged embedment without applying enough force to damage a good one. 

In this and the other overload inspections, the most important attributes for a good inspector are the 

diligence to be thorough and the willingness to seek out help.  The great advantage we have in 

maintenance is that instant decisions are not needed since we generally have the time to research what 

is the right decision.   
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7.10 MAINSPAR PINS AND BEARINGS 

Most of the preceding discussion applies to the mainspar fittings, with the exception that there is not 

usually any movement between the pins and their bearings, and therefore no wear. But an overload event 

can certainly cause damage here. One clue to look for or ask about is whether the sailplane de-rigged 

normally afterwards.  

7.11 CRACKS IN WING FITTINGS 

Sailplane manufacturers have generally used mild steel for wing fittings. This material is not prone to 

cracking, but the possibility exists, especially in the vicinity of a weld.  A weld has an associated zone 

where the weld-steel and the "parent metal" intermingle, and degradation of the steel properties can 

occur.  For example, "hydrogen embrittlement" has caused failures to occur. 

Most cracks occur as the result of cyclic loading slowly enlarging a tiny flaw, but the possibility of a crack 

resulting from an overload event should not be ignored.  Crack detection is not easy, but the inspector 

needs to be wary enough to avoid allowing a suspect fitting to be flown.  Again, seek advice if unsure! It 

may be an option to send a suspect part away for testing. 

The most common ways of testing for cracks are dye penetrant and magnetic flux.  Dye penetrant test 

kits are readily available and should be part of an inspectorôs equipment and there have been 

Airworthiness Directives which have specified that this test be used.  See the later Chapter on non-

destructive testing. 
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8 INSPECTION AFTER HARD LANDINGS 

8.1 GENERAL 

Aircraft are designed to withstand flight and landing loads within specified limits.  If the design limits are 

exceeded the structural integrity of the aircraft may be jeopardised and safety could be impaired.  Any 

report or evidence on the aircraft which suggests that the design limits have been exceeded should be 

followed by a careful inspection appropriate to the nature of the occurrence. An Annual Inspector or 

higher is authorized to perform the inspection and sign it out. 

The following advice is provided as guidance for this situation.  It is not possible to provide precise details 

of inspections to be adopted after every type of incident due to the varying nature of the stress that may 

occur.  Many forms of signs of distress and many degrees of damage occur. Hard landings happen in 

many ways and sometimes the pilotôs reaction to the situation influence the results, e.g. the pilot jerks 

back on the stick at the last second and smashes the tailwheel into the ground. So be open minded and 

look for everything. 

8.2 THE MECHANICS OF HARD LANDINGS 

There are many different methods of inspection possible and areas where those inspections may be 

applied to a sailplane. To assist with understanding what is most appropriate, an understanding of the 

forces applied to the aircraft in question is useful. 

8.2.1 TAIL FIRST 

 

Figure  8-1  Tail First Landing  

The aircraft touches down tail first which causes the aircraft to rotate around the rear contact point and 

impact the ground with the main undercarriage at a higher rate than normal.  This can lead to: 

a. Hard impact on the mainwheel and associated structure. 

b. High loading at the wing roots due to wings tending to bend down. 

c. Recoil of the wings upward can cause damage to the wing structure. 

d. Aileron mass balances are highly loaded both at impact, and possibly higher during recoil. 

e. The pilot experiences high óg' loading, higher than the óg' load on the aircraft. 

f. Highest óg' load will be on equipment or mass balance weights fitted into nose. 
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8.2.2 MAIN WHEEL FLY ON 

 

Figure  8-2  Main Wheel First Impact  

The aircraft touches down on the main wheel at much higher than normal speed.  This causes the aircraft 

to decelerate heavily with large inertia forces.  This can lead to: 

a. Hard impact on wheel and structure with high loading rearward. 

b. High loading at wing root with wings tending to move forward under deceleration, as well as down. 

c. Inertia of the tail leads to the fuselage bending down. 

8.2.3 NOSE FIRST 

 

Figure  8-3  Nose First Impact  
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The aircraft touches down nose first. The initial contact can vary from a simple rub on the ground to full 

destruction of the front cockpit.  Rapid loss of airspeed causes the aircraft to fall first on the main 

undercarriage, then subsequently on the tail. This can lead to: 

a. Initial contact putting high forward loading on pilot, and all fixed equipment. 

b. Wings try to keep going forward, putting their trailing edge into tension, then recoiling, putting the 

trailing edge into compression. 

c. High forward loading on all mass balances. 

d. The main wheel impact can be mild to destructive with high vertical loads on the wheel and 

associated structure. 

e. High loading at the wing root due to wings tending to bend down during main wheel impact. 

f. Final impact on the tail can put high 'g' forces into the tailwheel assembly and tend to break the 

horizontal tailplane.  

g. High loads on the rudder attachments, the elevators and elevator hinges. 

8.2.4 NOSE FIRST ς MAIN WHEEL BEHIND CG 

 

Figure  8-4  Nose First Impact ï Main Wheel Behind COG  

The aircraft touches down nose first similar to 25.2.3.  The initial contact can vary from a simple rub on 

the ground to full destruction of the front cockpit. Rapid loss of airspeed causes the aircraft to fall first on 

the main undercarriage but may not rotate to the extent that the tail impacts the ground. This is typical of 

types such as the ASK 13, Grob G 103, K7 and Kookaburra.  This leads to: 

a. Initial contact putting high forward and vertical loading on pilot/s and fixed equipment. 

b. Wings tending to bend down and forward, then flick back. 

c. Impact loads on the main wheel and its structure. High vertical óg' loading on fixed equipment 

around wheel area. 

d. The tail assembly suffers high óg' loading without touching the ground. This causes severe stress 

in the rear fuselage, typically buckling the bottom rear fuselage structure. 

e. High loading on horizontal tailplane tending to bend both halves down. 
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8.2.5 OVERBRAKING ON THE GROUND ROLL 

 

Figure  8-5  Over Braking on Ground Roll  

The aircraft touches down on the main wheel, usually at higher than normal speed. The pilot then uses 

strong braking to intentionally decelerate the aircraft, which causes the sailplane to tip onto its nose.  This 

is common with Blaniks, other sailplanes with heavy pilots and aircraft with good braking systems such as 

Jantars or older sailplanes with nose skids.  The situation then becomes very like the faster than normal 

landing speed in Section 8.2.2, leading to: 

a. High loading at wing root with wings tending to move forward under deceleration. 

b. Inertia of the tail bends the fuselage down. 

c. The aircraft stops and the tail drops. Sometimes up to 2 metres, severely loading the; tailwheel; 

rudder and hinges; rear fuselage; horizontal tail; elevators and elevator control system. 

8.2.6 GROUND LOOPS 

In a hard landing the pilot knows  the aircraft has been highly loaded. 

But  during a ground loop, even though it may be very severe, the pilot may not realise the aircraft has 

been overloaded. 

A ground loop usually follows a pattern. 

a. The wing drops into an object, ground, bush, grass etc. 

b. The sailplane rotates around that tip out of control, tail up. 

c. Somewhere between the start and the finish of the event, the tailwheel strikes the ground. 

d. This can lead to: 

i. Extreme damage in the wing root area, airbrake box area, root end of aileron area and in the 

wing that strikes the ground. 

ii. The weight of the tail, especially a ñTò tail, can cause the rear fuselage to ñwind upò, due to 

the rear fuselage hitting the ground sideways. This can cause considerable damage at the 

base of the fin, and the tailplane to fin attachment. 

8.3 THE PILOT 

The thing most likely to be damaged, without necessarily a large amount of airframe damage, is the pilot. 
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Some sailplanes/powered sailplanes are far more dangerous in this respect than others, but all are so 

light in construction that any reasonable impact will be felt by the pilot. 

For these reasons any pilots involved in heavy impacts or heavy landings, without apparent injury, but 

who subsequently experience pains or discomfort in the back should seek medical attention. 

Statistics show that over 50% of persons injured in sailplanes and powered sailplanes sustain a fracture 

of the spine. 

8.4 STRUCTURAL DAMAGE 

Following any of the incidents described in 8.2, damage is likely to be found ranging from very severe to 

almost undetectable.  The types of construction we deal with behave in different ways. 

8.4.1 ALL TYPES 

There are common areas of damage which should be checked for on all aircraft types after a heavy 

landing: 

a. Damage to main wing attachments. 

b. Damage to tailplane mounting bolts/brackets. 

c. Undercarriage wheel, gear, mounting damage. 

d. Loosened or damaged hinges on all control surfaces. 

e. Damage to the pilotsô seat pan and harness attachments. 

f. Instruments. 

g. Battery mounting arrangements. 

There are also items which can be indicative of hidden damage after a heavy landing and should be 

examined further if found: 

a. Distortions which make canopies or hatches fit poorly or not latch properly. 

b. A change in control feel or full/free movement. 

c. General damage to the extremities of the aircraft (tips, nose and tail) 

d. Hydraulic leaks. 

8.4.2 FRP 

Indications found in or damage specific to fibre reinforced plastic airframes include: 

a. A change of material colour around mounting pin holes, the FRP turning white which indicates 

failure of the resin. 

b. Shell structures often suffer internal delamination which is not visible from the outside. 

c. Internal frames become debonded from the outside shell, particularly in tailcones. 

d. FRP can fracture internally and return to shape without external evidence which means careful 

inspection is required. In FRP construction gel coat cracks can act as "telltale", however, this 

property is lost if the sailplane has been repainted.  

Look for: 

a. Delamination of wing internal skins. 

b. Wing leading edge splits. 

c. Spar web wrinkles and debonding. 

d. Airbrake box damage. 

e. Cracking at the inboard end of ailerons. 

f. Trailing edge de-bonding. 

g. Main wing attachment damage. 
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h. General fuselage shell damage. 

i. Fracture and debonding, especially at the ends of the fuselage tail boom. 

8.4.3 WOOD 

Indications found in or damage specific to wooden airframes include: 

a. Plywood skins usually buckle diagonally similarly to metal panels and stay buckled if overloaded by 

tearing fibres. 

b. Glued joints can fail internally, ply can debond from ribs and frames. 

c. Timber spar caps, longerons, ribs etc. are usually weak in compression, bending and splintering 

under overload.  

d. Edge failure is common, caused by "springback" of the wing structure following substantial 

downward and forward loading. 

Look for: 

a. Split plywood, especially in the fuselage behind the wing root. 

b. Damaged fuselage frames. 

c. Fin post damage. 

d. Wrinkles in the ply on the fuselage or wings. 

e. Main skid damage. 

f. Damage in the airbrake area. 

g. Buckled/split wing trailing edges. 

h. Fractured wing ribs. 

i. Ply/spar delamination in the wing. 

8.4.4 METAL 

Indications found in or damage specific to metal airframes include: 

a. Mild damage often shows up as "tiltedò or partly sheared rivets. 

b. Skin buckles between rivets indicate excessive compression loading has occurred. 

c. Once metal is buckled, it stays buckled. There is no "spring back" and the torsional strength and 

bending strength of the structure is lost.  

Look for: 

a. Buckling of complete panels, usually diagonally. 

b. Buckling of frames. 

c. Kinking of stiffeners. 

8.4.5 STEEL TUBE 

On a steel tube aircraft the wings are usually wooden and should be inspected for the same damage as 

detailed in 8.4.3 above.  

The fuselage tubes should be inspected for bowing or buckling. Sometimes this may be subtle and using 

a straight edge or comparing symmetrical parts of the frame can assist. Wrinkles in the fabric surface may 

also indicate distortion in the fuselage tube structure. 

8.4.6 MOTOR GLIDERS 

As all items in the motor glider are subject to shock loads during a heavy landing it follows that items with 

large mass are affected the most. Consequently, undercarriage, motor mounts and firewalls should 

receive a particularly careful examination after any hard landing. 
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8.5 CASE STUDIES 

GAus AD 231:  An ASW 15 elevator actuating bell crank failed in flight. An inspection of the bell crank 

showed that an older crack most likely caused by a hard landing some years previously resulted in fatigue 

failure of the bell crank. 

Due to the inaccessible location of the bell crank the original hard landing damage was not detected 

before it ultimately failed. 

8.6 REFERENCES 

GAus AD 231  

CAAP 42L-1. Inspection of Aircraft after abnormal flight loads, heavy landing or lightning strike. CASA 

May 2000 
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9 FATIGUE 

9.1 GENERAL 

Like any human or animal, if you work a structure long enough and hard enough, it will become "tired", 

and loses its ability to carry load, it becomes "fatigued". 

It is common to hear the comment "wood doesn't fatigue", or ñfibreglass doesn't fatigue". The unfortunate 

thing is that all aircraft structural materials will fatigue, given the right circumstances.  

An Inspector is interested in fatigue from two points of view: 

Å Total fatigue life set by the manufacturer, for the complete airframe or major components. 

Å In service, individual component fatigue life dealt with on a day-to-day basis. 

Fatigue is primarily controlled by the manufacturer setting life limits on airframes and components. Some 

of these may be extended ñon conditionò. For recreational aircraft in Australia some flexibility is allowed 

but sensible care must be taken. Life limits of airframes and items specified in Airworthiness Directives 

and some other items may not be exceeded, refer MOSP 3 for the regulations and the sailplane Logbook 

Statement. But for instance the TBO of an engine or prop may be extended by the Registration Holder. 

This does take on extra risk and it must be decided sensibly and considering the manufacturerôs good 

advice. Do not just take a chance, increase inspections and know what to look for. 

9.2 FATIGUING LOADS 

Under normal operations, sailplanes and powered sailplanes experience flight and ground loads that vary 

with the state of flight: 

Å Take-off 

Å Landing 

Å Winch launch 

Å Aero tow 

Å Soaring flight 

Å Aerobatics 

By using a full instrumented sailplane, the range of loads for each of the above areas of flight can be 

recorded. Then a sample structure can be put into a test rig and the flight loading simulated, continuously, 

until evidence of structural breakdown occurs. 

Recording of this flight load information is difficult and expensive, and the results will vary from country to 

country, area to area, pilot to pilot, which means that the load values used for fatigue test programmes 

are usually a compromise to achieve an "average" result. 

WARNING 

Ground handling can generate loads and vibrations that are quite destructive to tail wheels, tail wheel 

mounts, rudder hinges, elevator hinges, rear fuselages, etc. 

9.3 DAY TO DAY FATIGUE 

By far our biggest problem as Inspectors is the deterioration of minor structural and mechanical parts, 

during the safe life of the primary structure. 

We have classic cases of local fatigue damage: 

a. Rear Fuselage frames in the Blanik fuselage. 

b. Blanik tailplane and fin tip rib cracking. 

c. Twin Astir undercarriage castings. 

d. Slingsby T61 rear spar to fuselage attachment cracks. 
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e. ES 60 airbrake system bell cranks - cracks. 

f. And many more. 

Australia has the highest sailplane/powered sailplane utilisation in the world. This means that we are most 

likely to find a defect before anyone else including the manufacturer, so we must be very careful and must 

report them so everyone can learn and correct. 

Detail design of airframe and system parts can be heavily cost oriented, with the possibility of design 

mistakes or errors which can develop into problems in service. 

Inspection of a Pik 20 D revealed cracks in the bend zone of the lower rudder hinge attached to the fin 

post. It is suspected that flapping of the rudder in the wind while the sailplane was tied down may have 

been a contributing factor, but also the fact that in the subject fitting it appears that the bend was made 

along the "grain" of the material. 

9.4 POOR WORKMANSHIP - INDUCING FATIGUE 

In the past, a tailplane fell off a Blanik following a ground handling incident. Some 7 years previously the 

tailplane front attachment plate and channel was damaged and replaced with new parts. The repair 

riveting standard was such that only half of the rivets put back carried load the way the designer intended. 

This overloaded the other rivets and the local structure; fatigue cracks started, resulting in total failure 

under very minor loading conditions. 

This incident, and others, points to a requirement for repairs to be periodically checked to ensure that 

they are sound and the structure around them is sound. 

Typical things to look for are: 

Å Badly driven or loose rivets, holes oversize 

Å Sharp bend radii 

Å Bolts in oversize holes 

Å Delamination in FRP - air pockets 

Å Incorrect glue mix - in timber 

Å Incorrect mating of spliced joints 

Å Incorrect materials 

Å Original shape not reproduced 

9.5 BEHAVIOR OF MATERIALS 

To be able to find premature fatigue the inspector must have some idea of the behaviour of different types 

of material, subject to fatiguing load cycles. 

9.5.1 WOOD  

To all intents and purposes, timber has an indefinite fatigue life in sailplane and powered sailplane 

structures designed to accepted airworthiness standards. 

However defects can occur due to reasons discussed in this section, so the Inspector must be aware of: 

a. Splitting in solid timber components. 

b. Glue failure causing delamination. 

c. Attachment of steel and alloy parts, looseness resulting in oversize holes, etc. 

d. Plywood splitting, an example being at the top of the fuselage, behind the wing on Kookaburras, 

resulting from repeated landings on rough ground or one heavy landing. 
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9.5.2 FIBRE REINFORCED PLASTIC 

From testing carried out by Slingsby sailplanes and other European bodies, plus knowledge of the 

physical build-up of a Fibre Reinforced Plastic (FRP) structural element, the manner in which FRP shows 

fatigue is clear. Taking a wing as an example: 

a. Bending loads are resisted by the wing spar: 

b. The critical section is usually at the root end which is built with bundles of rovings at the top and 

bottom, running span wise. 

c. On the compression side, the epoxy resists the load, with little support from the thin glass fibres, 

buckling under load. 

d. On the tension side the glass strands resist the load, not the epoxy. 

e. Signs of fatigue will show up first on the compression side in the form of hairline cracks in the 

direction of the glass fibres, with the epoxy tending to turn opaque. 

f. The second stage is marked by cracking at 90 degrees to the glass strands; the structure is 

becoming unsafe. 

g. It has been shown that when this evidence first becomes visible, the structure will still support 

maximum design load, obviously there must then be a slide in strength as the cracking develops.  

Summarising: 

a. FRP structure is fatigue sensitive in those parts of the structure subject to compression loading, 

with the first visual evidence being breakdown of the epoxy resin.  Development of inspection 

methods should allow FRP. structures to be life extended on the same basis as timber, with 

"conditionò to be established by inspection. 

b. FRP is now a well-developed material and has shown very long life resulting in repeated life 

extensions being allowed. FRP fatigue relates to: 

i. Manufacturing techniques such as resin types and cure procedures. 

ii. Natural ageing. 

iii. Exposure to UV and extremes of hot and cold. 

iv. Repairs. 

9.5.3 METAL 

Experience shows, most if not all our fatigue and premature fatigue problems have been in metal 

components, which means that the practical serviceability of wooden and FRP structures is controlled by 

the behaviour of their metal parts.  

We can predict with reasonable accuracy the load cycle capability of most metals used in aircraft 

construction. In turn, if we know the exact load cycle on a component, then the service life of the 

component can be predicted. 

Metals however can be totally unpredictable in their behaviours if: 

a. The component is exposed to excessive vibration. 

b. The environment causes component corrosion. 

c. The component heat treatment is not correct. 

d. The machining or fabricating technique is at fault. 

e. Incorrect plating procedures. 

f. Actual loading higher than the designer thought. 

g. Installation is incorrect. 

h. Notch sensitivity. 

i. Pre-stressing due to manufacturing process. 
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The detection of premature failure of components depends on sound inspection techniques and inspector 

awareness. 
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10 FLUTTER 

 Flutter is a complex subject and mentioned in many sections of this manual.  This section is intended to 

give a basic overview of what flutter is and the preventative measures. 

10.1 WHAT IS FLUTTER 

Flutter is, by definition, an aero elastic phenomenon.  An aero elastic phenomenon is one in which the 

aerodynamics and structure of the aircraft combine to cause the structure to oscillate.  In many cases this 

oscillation can cause catastrophic structural failure within one second of onset. 

 

Figure  10-1  Damage to Tail Boom from Suspected Rudder Flutter  

 When designing a sailplane, it is the designer's responsibility to prove that it is free of flutter at all the 

speeds below the Design Maximum Speed, a speed well above VNE. To maintain freedom from flutter, the 

inspector must ensure the sailplane is within the limits for control surface balance and free play. The 

sailplane structure must be in good condition and free from structural damage. 

 Flutter is a very important subject that used to kill many sailplane pilots. Over time, flutter prevention 

knowledge has improved, and procedures and practices were implemented to reduce the risks.  The 

number of flutter incidents has reduced until now it is almost unheard of. But it is still possible and even 

likely if inspections are not performed correctly. 

 Flutter is caused and influenced by many factors; design, maintenance, various control surface or system 

aspects, over-speeding (and therefore instruments), and then pilot understanding and operation such as 

reducing VNE with altitude and how indicated airspeed works, and poor speed control.  Be sure you 

understand and address all the factors involved as it could be caused due to many different factors which 

are discussed in several Chapters. 

 The simplest and therefore most likely forms of flutter are control surface flutter: rudder, aileron, flap, 

elevator and even trim tab.  Slightly more complicated is flutter of a control surface driven by a trim tab.  

More complicated forms are: wing twisting and bending driven by the ailerons, fuselage vertical bending 

driven by the elevator, and fuselage lateral bending and twisting driven by the rudder. 

 Flutter requires some sort of input to start, often merely a tap on the controls or a minor bump from the 

airflow.  Once it starts, the flutter will continue until the airspeed is reduced.  Even when the airspeed is 

reduced it may take some seconds for the oscillations to completely die out. 
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10.2 FACTORS AFFECTING FLUTTER 

 There are many factors that contribute to the flutter characteristics of a sailplane. The designer controls 

these factors and through design calculations and testing, proves sufficient safety margins against flutter 

in normal flight.  These design factors are: stiffness of each structural component eg the wing, or control 

surface, the mass distribution of each structural component, and stiffness of the control systems.  Many 

very high aspect ratio sailplanes have their structure determined by stiffness requirements to avoid flutter 

rather than simply strength. 

 The designer will also put a lot of flutter related information into the flight and maintenance manuals.  

However, this information is often distributed throughout the manuals and will not be found under a óflutter 

avoidanceô heading. 

 Inspectors must pay attention to a wide range of maintenance factors when inspecting a sailplane to 

ensure that it will remain free of flutter including: 

a. Control surface centre of gravity and mass balance. Refer to Section 10.3. 

b. Control surface drain holes are clear to prevent a build-up of water shifting the centre of gravity. 

c. Control surface hinge wear and hinge cracking / debonding. 

d. Trim tab freeplay and control stiffness. 

e. Control system freeplay from worn control system bearings. Refer to Section 11.5. 

f. Control system cable tension. 

g. Maintenance of control system dampers (if fitted). 

h. Structural damage which changes system stiffness eg debonding ribs that support control system 

hinges. Hidden wing structural damage may be detected with a wing frequency check ï refer to 

Section 3.3.4.1. 

i. ASI calibration.  Refer to Section 20.7.3. 

j. Pitot-static system integrity and leak checks. Refer to Section 20.7.2.2. 

k. Airspeed placards are installed and readable. 

l. Mounting pin and bearing freeplay for wings and tailplanes. 

m. Fore-aft wingtip freeplay. 

 Inspectors teaching or examining Daily Inspector candidates must ensure that the member knows how to 

carry out control surface freeplay checks, pitot-static system checks and tailplane mounting checks as 

these are important safeguards against flutter. 

 Pilots have a critical role in avoiding flutter by: 

a. Avoid flying beyond VNE either through inattention to airspeed or poor understanding of VNE 

reduction with height at higher altitudes, 

b. Performing competent daily inspections, and 

c. Arranging for inspections after hard landings, ground loops or flight overloads. 

10.3 CONTROL SURFACE FLUTTER 

 With sailplanes the parts most likely to flutter are the control surfaces especially the ailerons, flaps, rudder 

and elevators or all flying tailplane.  The most common form of flutter and the easiest to visualise is flutter 

of hinged control surfaces.   

 The following figure shows a typical wing or tailplane with a hinged control surface and the basic 

sequence of events involved in 1 cycle of flutter. The dotted lines show the original position of the 

structure. 
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Figure  10-2  Flutter Sequence  

 The flutter sequence is, from left to right: 

a. The initial condition showing the available range of control surface travel and the centre of gravity 

of the surface behind the hinge line. 

b. Deflection ñdownwardò of the structure from its initial position by some factor such as a gust or 

manoeuvring. Note that the control surface is ñleft behindò due to its own inertia.  The upward 

deflected control surface causes an increase in the air loads, particularly torsion on the wing / 

tailplane.  

c. This has two effects; deflection of the structure further away from its initial position and rotation of 

the structure. This is the óaeroô part of aero elastic.  The twisting of the structure increases the air 

loads trying to return the structure to its original position. 

d. The structure then springs back to its original position and, because of the energy stored in the 

structure, it overshoots. This is the óelasticô part of aero elastic. Note that the control surface now 

lags in the other direction due to its own inertia. 

e. The control surface again rotates from the torsion applied by the control surface and increases the 

loads trying to deflect the structure. 

f. If the process continues and the oscillations increase, the structure risks being deflected too far 

and it will fail.  Alternatively the control surface will repeatedly hit its deflection limits and it will fail. 

10.3.1 INCORRECT CONTROL SURFACE BALANCE 

 As shown above, the centre of gravity position of a control surface relative to the hinge line has a 

significant effect on the flutter of a control surface.  The further aft the CG is from the hinge line, the more 

inertia the control surface will build up when moving.  The greater inertia causes the control surface to 

deflect further and cause greater loads on the structure.   

 The easy solution is to design the surface so that its centre of gravity is on or in front of the hinge line by 

adding mass balance weights.  This can take the form of weights attached to the forward portions of the 

control surface, bob weights which protrude from the control surface (Foka) or weights attached to 

pushrods etc in the control circuit (G109).  This solution adds a considerable mass to the control surface.  

Often a sailplane designer will validate a compromise where the control surface centre of gravity is 

allowed to be located within a short range of distance behind the hinge line.  These limits are published in 

the maintenance manual, either as a CG position relative to the hinge line, or as a hinge moment. 

 Every change in the mass of a control surface requires checking of its mass and balance to ensure it is 

within limits. 

 Many older types, especially wood and fabric types, have no manufacturer set limits. They fly relatively 

slowly and the mass and balance of the control surfaces varies only slightly as repairs and re-fabricing 

should return the surface to its original condition. 

 Modern sailplanes with high VNE require more care especially as repairs and refinishing can have a 

significant effect on the balance of the control surfaces. Where the manufacturer has set down limits for 

the control surface balance, they must remain within those limits. 
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 Best practice is to check the control surface weight and balance before and after repair, refabricing or 

refinishing.  That ensures that there is awareness of potential issues before work commences and 

reduces risks of a surprise after the work is completed.  Common practice on large powered aircraft is to 

write the weight and balance of the control surface on its leading edge (where it is typically hidden from 

direct view) along with the date.  Again this is done to ensure that there is awareness of potential issues 

before work commences.  It is recommended that the weight and balance and the date is written on the 

leading edge of the control surface in marker pen as well as recorded separately in the logbook. 

10.3.2 EXCESS FREE PLAY 

If the freeplay of the control surface is beyond that allowed by the manufacturer or the limits set down in 

Section 11.5 (in the case that the manufacturer has not set limits), then the control surface may flutter. 

Under dynamic loading the extra freeplay causes the surface to lag and this increases the possibility of 

flutter. 

10.3.3 REDUCED CONTROL CIRCUIT STIFFNESS 

A fault in a control system, such as a damaged bell crank mount, may reduce the stiffness of the system. 

This will allow the control surface to deflect further under a given disturbance. Obviously, the increased 

control deflections will increase the possibility of flutter. 

In sailplanes with control cables the tension in the cables directly affects the stiffness of that control 

system. It is therefore vital that the tension in the control cables be adjusted to the manufacturerôs 

specifications. 

10.3.4 FRICTION 

Friction tends to increase the damping of the control system. This absorbs the energy of flutter and 

reduces its chances. Inspectors need to be careful with any maintenance which reduces control system 

friction. This will have little impact on push rod systems but may be significant in cable systems. 

Like control circuit stiffness, control cable tension has a significant effect on system friction and therefore 

flutter. There have been numerous instances of loose control cables causing flutter - even at speeds 

below stall speed and all inspectors should ensure that cable tensions are as per specification. 

Inspectors should also be aware that the cable tension varies considerably with temperature due to the 

differential expansion of steel and timber. For this reason a periodic re-tensioning schedule should be 

considered to ensure that cable tension is correct in summer (cables too slack causing flutter) and winter 

(cables too tight causing structural damage). 

10.3.5 REDUCED STRUCTURAL STIFFNESS FROM DAMAGE 

 Damage such as glue failure, delamination, cracks, etc. that reduces the stiffness of the structure will 

allow the forces that drive flutter to deflect the structure further than would normally occur.  In particular, 

reduced torsion stiffness will lead to increased air loads further deflecting the structure.  Any reduction in 

stiffness of the structure, especially the torsional stiffness, can alter the frequency of the structures natural 

oscillation and may cause flutter at an airspeed lower than VNE.   A change in structural stiffness may also 

bring the frequency of the structure closer to the frequency of other structural components.  This could 

lead to oscillation of one component setting up an oscillation in a separate component causing a 

feedback loop with potentially catastrophic consequences. 

 Ground loops can cause disbonding of interior structure in the lower fin which can lead to reduced 

structural stiffness and flutter.  A video showing this damage is here:  

https://www.youtube.com/watch?v=ZXjTaGjS3j0&t=97s  Inspectors may be assisted by comparing the 

stiffness of the sailplane to others of the same type.  The video demonstrates flexing of the fin and 

listening for noises from the disbonded structure and watching for bulges in the skin. 

https://www.youtube.com/watch?v=ZXjTaGjS3j0&t=97s
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10.3.6 WATER BALLAST 

 The addition of water ballast changes the mass distribution of the wing and this affects the way the wing 

oscillates. As an experiment perform a wing frequency check on a wing with and without water ballast. 

The wing will oscillate at a lower frequency with the water ballast.  The wing will have a range of resonant 

frequencies between full and empty of water ballast. 

10.3.7 GAP SEALING TAPE 

As discussed above, flutter requires some form of initial disturbance to start. The initial disturbance is 

usually a gust or an input from the pilot. So a sailplane may fly many times before an adverse input 

appears (or is made) and flutter occurs. 

Flutter may also start on a control surface, which would not normally flutter, if a vibrational input is started 

and maintained.  This can occur when a gap tape sticks-up into the airflow.  The airflow can form rolling 

eddies as the flow breaks away behind the tape.   These eddies have a low pressure and roll downstream 

with the airflow.  The cascade of fluctuating pressures can excite the control surface causing it to vibrate 

and may lead to flutter.  The gap tape needs to be flush with the surface. 

 

Figure  10-3  Gap Seal Tape  

Flutter can also be caused by airflow asymmetry on a symmetrical aerofoil.  An unusual example 

occurred on a Twin Astir.  During an annual inspection, the gap seal on the rudder was replaced.  

Unfortunately, the maintainers only had sufficient tape to do one side.  They instead used plain gap seal 

tape to complete one side of the rudder and used combination gap seal tape with built in zig zag 

turbulator on the other side.  By tripping the boundary flow on one side of the rudder and not the other, 

the sailplane encountered rudder flutter at relatively modest speed.  Fortunately it was able to land safely. 

10.3.8 SPEED 

Any control surface not balanced around its hinge line will flutter if flown fast enough. When the designer 

sets the VNE, the sailplane is proven to be free of flutter up to that speed with a small safety margin. It 

therefore follows that exceeding VNE may cause flutter. 

If a sailplaneôs pitot-static system is not functioning correctly then the pilot may exceed VNE 

unintentionally. Under reading of the ASI may be caused by problems in both the pitot and static systems. 

A leaking or blocked pitot tube or a kinked line to the instrument may affect the pitot system.  

The static system is affected by leaks in the static system.  If the static pressure in the cockpit is slightly 

higher that the surrounding air (normal when the ventilation system is open) and the static system is open 

to this higher pressure, then instruments connected to the system will under read. Only a small leak in the 

static system is needed to cause a significant under reading of the ASI.  Blocked static ports will cause 

the ASI to indicate lower airspeed as altitude is increased. 
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Because the flutter airspeed is strongly dependent on true airspeed (TAS), flying at high altitude brings 

the sailplane closer to its flutter speed at indicated airspeeds which are less than its sea level VNE. For 

this reason, a reducing indicated airspeed VNE with altitude placard is required for sailplanes which have 

an oxygen system fitted. Refer to Section 24.19 on oxygen for the full details of this requirement. 

It is therefore vital that the pitot-static system is functioning correctly in accordance with Section 20. 

10.4 WING FLUTTER AND WINGLETS 

 Encountering wing flutter in sailplanes is very rare.  If mass is added to the wingtip of a sailplane wing, it 

will resonate at a noticeably lower frequency.  This lower frequency will correspond to a lower wing flutter 

speed.  Adding winglets to older sailplanes will increase the mass at the wingtip and reduce the flutter 

speed.  For this reason, many sailplanes that have had winglets retrofitted have had their VNE reduced as 

a result.  One fatal in-flight breakup in Japan was blamed on the retrofitting of winglets to an older FRP 

sailplane.   

 All fitment of winglets to older FRP sailplanes need to have a modification order or approval from the 

manufacturer. 

10.5 FLUTTER PREVENTION 

The large number of factors that affect the flutter characteristics of a particular sailplane requires the 

inspector to be especially vigilant.  

Often flutter is discussed with single modes of flutter in isolation.  Whilst this simplifies the discussion, it 

obscures the fact that the entire sailplane is involved in a flutter event.  At annual inspection, the inspector 

needs to consider all the factors connected to flutter and resist signing out a sailplane with myriad small 

deficiencies where each is just within the acceptable limit.  These multiple factors can combine to produce 

flutter. 

Ongoing preventative maintenance and not letting small deficiencies accumulate over the years is the 

best practice to avoid flutter.  

10.5.1 MEASURING CONTROL SURFACE BALANCE AND MASS 

The balance and mass of control surfaces can have a major effect on both the handling characteristics 

and flutter properties of any sailplane. 

When measuring the balance of a control surface, use the following procedure unless there are specific 

procedures in the Maintenance Manual for the sailplane: 

a. Remove the control surface from the sailplane. Unless the control surface is off the sailplane you 

cannot be sure that there is no friction due to seals, control systems, etc. 

b. Mount the control surface so it can rotate freely around its hinge line. The normal procedure is to 

clamp supports to a work bench and balance the control surface on the supports. Other options 

include suspending the control surface from overhead supports. The critical aspect in all mounts is 

that the control surface is free to rotate about its hinge line. Take special care when measuring 

rudders from Glasflugel types. Support them using part of the gimbals mechanism that mounts in 

the rudder. 

c. Position an accurate set of scales under the trailing edge of the control surface (accurate means 

within ± 2 g) so that the surface is horizontal. Mark a point on the control surface where the scales 

are to touch.  Ensure that the load on the scales is through a single point and not distributed over 

an area. Take the reading from the scales and measure the perpendicular distance from the hinge 

line to the point of contact of the scales.  
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Figure  10-4  Mass Balance Measurement  

d. Determine the balance of the control surface (the residual moment) by multiplying the reading from 

the scales by the distance from the hinge line to the scales. Take special care with units to ensure 

that the calculated value is in the correct units. 

e. Measure the mass of the control surface as this can have an effect on the flutter of the surface it is 

attached to and the loads on the hinges. When measuring the mass of the control surface the 

scales should be accurate to within 25g and take care to ensure that the surface is not touching 

any other objects. 

Mass balance weights are located in particular positions by the designer and this sometimes reflects 

complex considerations.  For example: the rudders of the Janus, Duo Discus and Arcus all have a large 

bob weight at the bottom and a small weight towards the top of the rudder   The bob weight is close to the 

fuselage tail boom axis where there is no movement when the fuselage is twisting about the longitudinal 

axis, but significant movement occurs in large side to side fuselage tail end swinging. As a contrast the 

weight at the top participates in all the various flutter motions.  Respect that the designer knows the 

underlying reasons. 

10.5.2 w9/¢LCL/!¢Lhb hC /hb¢wh[ {¦wC!/9{ h¦¢{L59 a!b¦C!/¢¦w9wΩ{ [LaL¢{ 

If a control surface is outside the manufacturerôs limits, it is necessary to bring it back inside those limits 

before the sailplane flies again. This is because the manufacturer has proven the sailplane is free from 

flutter provided the surfaces are within balance, the control system is within the freeplay limits and the 

aircraft is in good condition. Flutter may not occur, even though the surface is out of balance, for many 

flights because just the right combination of speed and vibration (from atmospheric turbulence) has not 

occurred. The only way to guarantee that flutter will not occur is for the sailplane to fully meet the 

manufacturerôs specification. 

If a surface is out of limits with regard to balance but is under the maximum permitted mass, then bring 

the surface back into balance by adding mass balance in front of the hinge line. 

Attach the mass balance in accordance with the Maintenance Manual. If there are no instructions in the 

Maintenance Manual then inspect the attachment of mass balancing lead elsewhere in the sailplane for 

details such as type of fastener, spacing, the use of glues, etc.  When installing this balance mass take 

special care to ensure that the new mass does not foul with any other part of the sailplane and attach it 

securely.  Mass balance weight attachment must sustain 24 G due to the potential violence of flutter.  If in 

doubt, seek RMA advice. 

If you cannot balance the surface without exceeding the maximum permitted mass, then the only option is 

to make the surface lighter. This will usually require the removal of finishing coats such as gel coat from 

the underside and if necessary from the upper side. In severe cases it may be necessary to remove all 

gel coat and apply a thin layer of paint (probably polyurethane) to protect the surface.  In extreme cases 

seek advice from the RMA or from the sailplane manufacturer. 

If you still cannot bring the surface back into tolerance, then replacing it is the only option. 

10.6 DUSTER'S DEMISE - A FLUTTER CASE HISTORY 

Consider the following events: 

M 
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Saturday, April 24th, was a good soaring day at Orient Airfield in South Africa, and I had been flying 

my new home-built Duster in the vicinity of the airfield for some 4 hours. The time was 17:00 hours 

and I felt that the air was calm enough to conduct the high-speed test to red-line which is 206 km/hr. I 

decided to pass over the airfield at circuit height at right angles to the runway in use to enable me to 

complete a proper landing approach. 

I manoeuvred myself into a position some three kilometres out and radioed my intentions to the tower 

who gave me the all-clear. I started the run from a height of 400 m and was surprised at how rapidly 

the Duster built up speed. In a very short period I had 200 km/h indicated and eased back on the stick 

to maintain that speed. I then passed through some mild óbubblyô turbulence and immediately 

afterwards felt a violent high frequency vibration from the rear of the fuselage. I have read a lot about 

flutter and knew straight away what had happened. 

The sequence of events thereafter (according to the wreckage recovered) was that the rudder broke 

away from its spar first, followed shortly afterwards by the fin. The rudder oscillations probably caused the 

two elevator halves to oscillate in opposite frequency because although they stayed with the aircraft the 

main spar joining the two halves sheared leaving the sailplane without elevator control. 

The Duster began diving and, when I felt no response to the stick, I realised immediately that I would 

have to bail. I released the canopy and seat belts with remarkable efficiency (having practiced this 

manoeuvre a few times before), and the negative g from the steepening dive (combined with the 

slipstream) got me out of the cockpit as effectively as any ejector seat would have done. 

The official inquiry into the accident found that it was probably caused by flying the sailplane beyond 

its VNE which in turn was probably cause by the ASI under-reading due to; a) the pressure altitude on 

the day being 8000 feet and b) the ASI being connected to cockpit static which may have caused it to 

under read. 

There are several points which should be noted from this report. Firstly, the pilot began the VNE run at 

400 m º 1200 ft. This is very low and leaves no margin if something goes wrong. In this case the pilot was 

lucky as very few pilots who experience difficulties under 1500 ft. are able to bail out in time. 

Secondly, the flutter did not occur until the sailplane hit turbulence. Something was required to start the 

flutter. 
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Basic Glider Criteria Handbook. Federal Aviation Administration, Flight Standards Service, Washington 

DC, 1962 

DG Flugzeugbau website - Flutter resistance of the DG1000 

Australian Gliding July ï August 1998 p.18-22, ñFlutterò by Mike Burns 

OSTIV Volume 18 No 4 1994, ñPossibilities of Hight Altitude Flutter During Wave Flights", by Walter 

Stender, Germany, Fritz Kiessling, Germany, Joachim P Kuettner, USA 
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11 CONTROL CIRCUIT RIGGING 

11.1 GENERAL 

A correctly rigged sailplane has its control system travels, freeplays and their geometry within the 

manufacturer's specifications. Correct rigging is vital to the handling and operational characteristics of the 

sailplane. 

Check the control systems travels at each annual inspection and after any major repairs that could affect 

the sailplaneôs geometry, such as a broken fuselage or a heavy landing. Metal gilders, either aluminium or 

steel tube, are susceptible to gradual bending of components and therefore the geometry of the sailplane 

is more likely to change with time and heavy landings. Wood and FRP structures are more likely to 

fracture when overloaded and so damage to sailplanes constructed of these materials is more noticeable. 

11.2 CONTROL SURFACE TRAVEL 

Incorrect control surface travel can result in unsafe flying characteristics, unpleasant handling and 

unnecessary drag. 

11.2.1 CHECKING TRAVEL 

The Flight or Maintenance Manual for each type contains the specifications for the control surface 

deflections. Most manuals give the deflections as either an angular deflection or as a distance from the 

neutral position at a specified point. 

Where deflections are given as an angular deflection it is often helpful to use an inclinometer. 

 

  

Figure  11-1  Distance Vs Angle  

11.2.2 ELEVATOR TRAVEL 

This is the most critical control surface for correct travel as it has a primary influence in the stall and spin 

entry characteristics of a sailplane: 

a. Insufficient up travel:  The sailplane may be unable to stall or flare properly during landing. 

b. Insufficient down travel:  The sailplane may be unable to recover from a spin or the pilot may be 

 

X 

 

 

DISTANCE: The deflection X is 

shown as the distance moved by 

the trailing edge, at a fixed 

position along the control 

surface, from the neutral 

position.  

 

 

ANGLE:  The deflection q 

is shown in degrees of 

movement from the neutral 

position. 
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unable to prevent nose pitch up at the start of a winch launch or in a towplane upset. 

c. Excessive up travel:  Sailplanes designed as unspinable, e.g. ASK 21 and Grob 103 Twin II, may 

stall/spin and the load on the control surface may exceed that allowable. 

d. Excessive down travel:  The tailplane may stall during launch ground run, particularly all flying tails, 

and the surface may be overloaded. 

11.2.3 RUDDER TRAVEL 

The rudder travel can also be critical as the rudder plays an important role in recovering from a spin. 

a. Insufficient travel:  The sailplane may not recover from a spin and may have reduced turn 

coordination. 

b. Excessive travel:  The rudder and fuselage structure may be overloaded or the fin may stall. 

11.2.4 AILERON TRAVEL 

Incorrect aileron travel may reduce the roll response, reduce turn coordination, increase aileron drag and 

increase total drag. Increased travel may cause a sailplane to become more susceptible to spinning at 

low speeds. Incorrect up/ down differential movement can make the handling poor. 

11.2.5 TRIM TAB TRAVEL 

The minimum and maximum trim speeds will alter handling and speed control of the sailplane. Makes it 

harder to fly at stable airspeeds. 

11.3 SETTING UP A CONTROL SYSTEM 

Follow these basic steps when setting up a control system: 

a. Set the control column up in the neutral position. This may be with the stick vertical or a distance 

from a datum as shown in the aircraftôs manuals. Clamp the stick in place. Be aware that some 

sailplanes mix controls e.g. the elevator fore/aft position and aileron droop. 

b. Work through the control system from the stick to the control surface ensuring that each 

component is in safety and set as per the aircraft data. For flaps and ailerons ensure the system is 

symmetrical from one side to the other. At the end of this step ensure fairing of the control surface 

with the supporting structure. Note: On some types the correct neutral point is with the controls 

unfaired. Check the manuals for details.  

c. Remove the clamps and check the control surface deflections. Adjust the stops so that the control 

deflections are correct. 

11.4 CONTROL SYSTEM STOPS 

Manufacturers design control stops to serve the dual purpose of limiting the force a pilot can apply to the 

control circuits and also to ensure that the mechanisms of the control circuit themselves cannot be 

damaged by moving further than they were intended to. 
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Figure  11-2  Control System Stops  

At each annual inspection, check the control stops for correct functioning.  If the stops are not operating 

correctly, the end of travel will be spongy rather than exhibiting a crisp stopping action.  The control 

surface movement must be limited by the stop only and this sponginess indicates the control circuit 

binding or rubbing somewhere other than at the stops.  Long term binding and rubbing in the control 

circuit will lead to damage.  Take care to check that the stops operate properly through the full range of 

control stick movement, e.g. do the aileron stops work correctly at both full up and full down elevator?  

Some control systems also provide stops at the control surface to absorb loads due to wind action on a 

moored sailplane.  Where there are stops at each end of the system, the stop near the control should 

contact first and the stop near the surface should be about to contact. 

11.5 CONTROL SYSTEM FREEPLAY 

Excessive control system freeplay can cause flutter.  All freeplays must be within the manufacturer's 

specifications where these are available.  Where manufacturer's freeplay limits are not available, the 

freeplay must be less than 2.5% of control surface chord.  

From the US FAA Basic Glider Criteria Handbook. 

CAUTION 

Flutter may occur if, when the cockpit control is blocked in the central position and finger pressure is 

applied at the trailing edge causing the control surface to rotate, the trailing edge moves in excess of 2.5 

percent of the control surface chord. 

 

 

Figure  11-3  Control Surface Freeplay  

For example: If an aileron has a chord (C) of 250 mm then the maximum freeplay (P) at the trailing edge 

is 6.25 mm, from the calculation: 
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100
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250 =³

mm 

If freeplay is excessive, check for the following defects: 

Å Slack cables 

Å Worn hinges 

Å Worn pivot pins and holes 

Å Worn bearings (of all types) 

Å Movement in bell crank mounting points 

Å Loose bolts 

Excessive freeplay beyond the manufacturerôs limits, or (if there are no manufacturerôs limits) beyond 

2.5% of the control surface chord, requires rectification before the sailplane flies again. 

11.6 CONTROL SYSTEM FRICTION 

Mechanical systems always contain friction which tends to inhibit movement. A small amount of friction is 

beneficial because it tends to damp out vibrations which could cause flutter but if the friction is excessive 

it leads to stiff and heavy controls. 

If there is too much friction in the flight control systems, then it can make the sailplane difficult to control. 

E.g. As the pilot tries to move the control, friction prevents its movement. The pilot increases the force 

until the system óbreaks outô and starts to move. As the sliding friction is often less than the static friction, 

the control system ójumpsô past the desired position leading to over control of the sailplane. 

Friction in other control systems such as the undercarriage retraction mechanism or trimmer, causes 

them to be heavy to move, may overstress the components and may be beyond the physical strength of 

some pilots (e.g. juniors, females) to operate. 

There are three possible reasons why a control system may have excessive friction: 

a. Lack of maintenance. This is usually a lack of lubrication. 

b. Improper maintenance. If the geometry of the system is not set up correctly parts may bind, 

causing friction. 

c. Damage. If parts are damaged, they may be rubbing on other parts, misaligned etc. causing extra 

friction. 

The maximum friction which is acceptable varies from type to type and information may be contained in 

the aircraftôs Maintenance Manual. Measuring control system friction should be done at the normal place 

the pilot grips the control. The friction is the force required to just make the system move. If the 

Maintenance Manual does not contain any limits, the following values should be used as a guide: 

Control System  Typical Maximum Friction  

Elevator 15 N (1.5 kgf) 

Aileron 10 N (1.0 kgf) 

Rudder 50 N (5.0 kgf) 

Tow Release 75N (7.5 kgf) Unloaded cable load. 

Or <170N (17kgf) for two releases. 

Trim 15 N (1.5 kgf) 

Flaps 50 N (5.0 kgf) 

Table 11-1  Control Friction Limits  

If friction is above these values, then further investigation of the system is warranted. 
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11.7 ENDFLOAT OF CONTROL SURFACES  

All control surfaces should be free to move along their hinge line. This is important because the control 

surface and the mounting structure will expand and contract differently with changing temperature. This 

could cause failure of the hinges if there is no possibility of the hinges sliding endways. 

A similar effect occurs as the wing flexes. This may also load the hinges axially unless there is sufficient 

end float. 

11.8 CONTROL SYSTEM STIFFNESS 

The manufacturer sets the stiffness of the control system during the design phase and does stiffness 

measurements during type certification. Inspectors must check for any obvious reduction in the stiffness 

of a control system. 

Reduced stiffness may be caused by damage to the control system, damaged control system mounts or 

incorrect system rigging. Possible causes of reduced control system stiffness include: 

Å Damaged mounts due to water damage, delamination, cracking, etc 

Å Slack control cables 

Å Buckled pushrods 

Å Incorrect control system geometry 

11.9 GAP SEALS 

Most sailplanes have tape sealing the control surface gaps. Gap seals reduce drag and improve control 

effectiveness. Note the following points when reinstalling gap seals: 

a. Some types have specifically approved types of gap seal and only these may be used. 

b. The use of incorrect tape has caused control system buzz. This may be a prelude to flutter. 

c. Restricted control surface travel is possible if the control surface is not fully deflected in the 

direction of maximum tape stretch when fitting gap tape. Recheck the control surface travel after 

fitting gap tape. Some tapes shrink after installation and they must be loose enough. 

d. Tape that is not secure, either because of incomplete removal of the old adhesive or the new 

adhesive is faulty, may work loose and jam the flight controls. Note: Skin oils from the fingers may 

affect the adhesive. 

e. The tape may work loose from the leading edge and then ñstand upò in flight. This may reduce 

control effectiveness to the point where it is impossible to maintain flying speed. In one incident the 

pilot must use more than 3/4 forward stick to maintain 55 kts. 

f. Note some types have fowler type flaps or even ailerons and are not meant to have gap seals. 

 

Figure  11-4  Typical Sealing For Side Hinged Control Surface  
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Figure  11-5  Older Style Seal  

 

Figure  11-6  Internal óUô Seal 

11.10 PUSH ROD RIGGING 

The flight control systems in most modern sailplanes use pushrods and bell cranks. The design of 

pushrods takes into account both tension and compression loads. For most pushrods the critical loading 

is compression because of pushrod buckling. Any damage to the pushrod such as dents or bends can 

seriously reduce the compression strength of the pushrod and the control system stiffness. This may 

reduce control effectiveness and possibly cause flutter. 

11.10.1 ROD END SAFETY 

Most pushrods have an adjustable rod end at one end to allow adjustment for manufacturing tolerances in 

the control system. When installing a rod end, screw it in past the witness hole. Test for correct safety by 

inserting a piece of wire through the witness hole. It should be possible to detect the rod end with the 

piece of wire. Inspectors should be careful as on some designs it is possible to push the wire past the rod 

end even though it is correctly in safety. 
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Figure  11-7  Rod End Safetying  

Where there is no witness hole, the length of thread engagement must be at least 1.3 times the outside 

diameter of the rod end thread for steel in steel fittings. 

11.10.2 ROD END ALIGNMENT 

When reinstalling rod ends on a pushrod, the relative alignment of the rod ends must be correct or the rod 

ends will bind. When installing pushrods, ensure they do not bind throughout their travel.  

 

Figure  11-8  Pushrod Rotation  

11.11 AIRCRAFT GEOMETRY 

Check the aircraft geometry after any repairs if there is a possibility for the wings, tailplane or fuselage to 

have moved relative to each other. 

11.11.1 CHECKING RIGGING ANGLES 

The usual way to check rigging angles is with a water tube manometer. This consists of a length of clear 

plastic tubing filled with water. To make the water level more obvious use food dye to colour the water. It 

is also helpful to add a small amount of dish washing liquid to the water as this lowers the surface tension 

of the water and gives a more accurate reading. Be careful not to shake the tube as the froth will make 

accurate readings impossible. 

 

L
L 

H
L 

 

 Figure 11-9  Typical set -up for measuring wing incidence  
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h/l = tangent of angle of incidence. 

if h/l is less than 0.15 then the angle of incidence in degrees equals h/l x 57.3. 

Dimension l is best measured using two plumb bobs, one at the leading edge and one at the trailing edge 

and measuring between the two. 

Checking of aircraft geometry using laser levels is becoming more common as the price has fallen. 

Incidence boards and survey dumpy levels are also possible tools. However the water tube manometer 

remains as a simple and accurate tool. 

When measuring the geometry of a sailplane that has undergone substantial repairs, use a good steel 

tape measure to measure distances to ensure the aircraft is symmetrical. 

11.11.2 WING-TAILPLANE ANGLE 

This is the angle between the tailplane and the wing and is very important to the stability and handling of 

the sailplane. Verify this angle after any repairs to the rear fuselage, wing mounts, tailplane, etc. In metal 

aircraft (aluminium or steel tube) this angle may slowly change with a succession of heavy landings. 

 

Figure  11-10  Wing Tailplane Angle  

11.11.3 DIHEDRAL 

The dihedral angle is the angle of the wing relative to the horizon when viewed from the front. It is normal 

to check this angle only after a major repair or if the inspector is suspicious that something is wrong. 

11.11.4 WASHOUT 

The washout of a wing is the twist of the wing along the span. This must be the same in both wings to 

within ½° at each span wise station. Incorrect washout can produce unpleasant stalling characteristics 

and a tendency for the aircraft to fly one wing low. 

11.11.5 WING TO FUSELAGE 

The wing to fuselage angle is important when checking if the level reference is still valid. 

11.11.6 TAILPLANE TO FUSELAGE 

The tailplane to fuselage angle is important when checking if the level reference is still valid. 

11.11.7 FIN ANGLE 

Changes in the fin geometry will noticeably affect the handling of the sailplane. All T-tail sailplanes, 

particularly those of metal construction, are vulnerable to changes in the fin geometry due to heavy 

landings and ground loops. 

Displacement of the vertical fin as shown or twisting in plan view, are possible. Either defect will be 

evident by the need to fly with crossed controls. 



Basic Sailplane Engineering, AIRW-M005 

 

Version 25.1  Date of Issue: 01/06/26 Page 99 of 415 

 Uncontrolled if Printed 

 

Figure  11-11  Fin Misalignment  

11.12 STRUCTURAL FREEPLAY 

Excessive freeplay between the different components of a sailplane such as wings to fuselage or tailplane 

to fuselage can cause flutter, excessive wear of rigging pins and premature fatigue due to the movement 

of the pins in the bushes. 

11.12.1 TANGENTIAL PLAY OF WINGS 

One of the most common forms of structural freeplay is tangential play of the wings on FRP sailplanes. 

The main cause of freeplay is wear on the main pins or in the main pin holes that prevents the wings from 

pulling up tight on the drag fittings. Typically the maximum fore and aft play measured at the wing tip of a 

15 m sailplane is 20 mm. 

To remove this play use any of the following methods: 

a. Provided there is sufficient material left in the bushes, assemble the wings and line bore the hole 

until it is round and obtain an oversize pin. Take special care to ensure that the bush thickness is 

not below the minimum allowable. 

b. Install shims on the drag pick-ups as detailed below. 

c. Other methods exist; however, these are not covered by BSE. 

11.12.1.1 SHIMS 

Most manufacturers specify the correct method for installing shims to remove wing freeplay. If the 

manufacturer does not specify how to install shims, use the following method: 

a. The shims are simply custom-made washers. Manufacture them so that the inside diameter is just 

larger that the pin and the outside diameter should be large enough to cover the part of the 

structure that transfers the loads. 

b. Thoroughly clean the pin and the shim using a solvent such as acetone. Be careful not to spill any 

on the paint or the canopy. 

c. Gently roughen the surface of the shim and the flange of the lift pin and glue the shim in place 

using suitable glue such as contact adhesive. 

d. Record the location and thickness of each shim in the logbook. It is also advisable to permanently 

write the shim thickness on the wing or fuselage next to each pin. 

11.12.2 TAILPLANE 

Play in the tailplane fittings is possible on most types of sailplanes. Removal of this play usually requires 

re-manufacturing of the pins or purchasing new pins from the manufacturer. Typically the maximum play 

permitted at the tailplane tip is 5 mm. This freeplay is critical in all flying tailplane designs as flutter has 

occurred due to excessive tailplane freeplay. 

11.13 CONTROL CIRCUIT FLUTTER 

Flutter is a very important subject that used to kill many sailplane pilots. When it was realised and 

procedures and practices were implemented, largely promoted by GAus worldwide, the number of flutter 

incidents has reduced until now it is almost unheard of. But it is still possible and even likely if things are 

done wrong. 
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Flutter is caused and influenced by many factors; design, maintenance, various control surface or system 

aspects, overspeeding and therefore instruments, and then pilot understanding and operation such as 

reducing VNE with altitude and how indicated airspeed works, and poor speed control. 

So flutter is in a chapter on its own, Chapter 10. Be sure you understand and address all the factors 

involved as it could be caused due to many different Chapter subjects. And maintenance and 

modifications all have a part to play! 

11.14 REFERENCES 

Basic Glider Criteria Handbook. Federal Aviation Administration, Flight Standards Service, Washington 

DC, 1962 
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12 NUTS, BOLTS AND HARDWARE 

12.1 INTRODUCTION 

The correct installation of the general hardware found in sailplanes is vital to the safe operation of the 

sailplane and to a long life for the sailplane. The use of an incorrect bolt may result in an under-strength 

joint, excessive wear or a joint which is liable to undo. 

The primary function of nuts and bolts is to hold components together. 

A bolt is always used with a nut; sometimes these are ócaptiveô nuts which are fixed in the aircraft and not 

placed on the bolt by the operator. Nuts and bolts serve as a fundamental component in many structures 

as they provide strong bonds that do not break even under great amounts of pressure. Nuts and bolts can 

have several different styles and types, each suited to match the needs of a particular application or need 

of the job. 

Many steel structures, including buildings, are designed to be simply bolted together. The Eiffel Tower in 

Paris, for example was originally a temporary structure and after twenty years it was to be dismantled. As 

a result it was built with bolts and has lasted a long time. 

The nut is always used opposite a mating bolt and features a threaded hole which is the same as the 

thread on the bolt. When secured, the nut and the bolt can stay together without dropping apart due to the 

friction that is generated by their thread, compression of the parts, and a slight stretch of the bolt.  

There can be application where vibrations and rotation may cause the nut and bolt to come loose, in this 

circumstance a locking system using the nut itself (self-locking nuts), or a separate locking system such 

as lock washers, split pin or lockwire are used.  

12.2 TYPES OF BOLTS 

Because different sailplane manufacturers use different types of nuts and bolts, it is very important to be 

able to identify each type to avoid mixing bolt types with the possibility of damage to the fastener and loss 

of strength of the assembly. It is important to note that some types of bolts are metric and others are 

imperial. A screw pitch gauge and a micrometer are useful for this task especially with bolts of similar size 

e.g. 3/16" BSF, 10-32 AN and 2 BA. 

12.2.1 DIN STANDARD 

DIN Standard bolts are dimensioned in metric units.  DIN stands for Deutsche Industrie-Norm which 

basically translates as German Industrial Standard.  All German and some other European sailplanes use 

bolts which have been manufactured to a DIN specification. Table 9 shows the specifications for the most 

common bolt DIN 931. DIN specifications are used for almost everything in Germany including split pins 

and spanners! 
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d b e k s l    Available in lengths  

 From  To    From  To 

M4 14  7.74 2.8 7 22 70 

M5 16 22 8.87 3.5 8 30 80 

M 6 18 24 11.05 4 10 30 90 

M 8 22 28 14.38 5.3 13 35 110 

M 10 26 32 18.9 6.4 17 40 150 

M 12 30 36 21.1 7.5 19 45 180 

M 16 38 44 26.75 10 24 55 200 

M 20 46 52 33.53 12.5 30 65 220 

M 24 54 60 39.98 15 36 75 220 

Figure 12-1  DIN 931 Bolt Specifications  

Each type of DIN specification bolt is available in a number of strength grades and the grade is usually 

embossed on the head of the bolt. 

Typical grades and the strength they represent are shown in Table 12-1.  As can be seen from the table, 

DIN bolts are very strong compared to the typical loads in a sailplane control system however whenever a 

bolt is replaced it should be replaced with one of the same grade or higher. DIN specification bolts are 

available from most specialist bolt suppliers. 

Property Class  3.6 4.6 4.8 5.6 5.8 6.8 8.8 10.9 12.9 

Minimum 
Tensile strength 
N/mm2 

330 400 420 500 520 600 800 1040 1220 

Tensile load to 
break an M 6 
bolt (kgf) 

676 819 860 1024 1065 1229 1639 2130 2500 

Table 12-1  Property Classes  

There are 4 basic types of DIN nuts: the normal nut DIN 934, the thin check nut (about 60% of the 

thickness of the normal nut) DIN 439, the self-locking nut (Nyloc) DIN 985 and the castellated nut DIN 

935. 

The advantage of the DIN standard bolts is that they are readily available and cheap. The disadvantages 

are that they will have a slightly looser fit in a hole or bearing (which may allow a small amount of free 

play in control connections), have a relatively long threaded section of the bolt (which may need to cut 

down to size) and tend to come in length increments of 5mm. The 5mm increments in length may result in 

one bolt having a shank that is 1mm too short and the next length of bolt having a shank 4mm too long 

resulting in excess washers being needed. 

12.2.2 ONL STANDARD (FITTED TO BLANIKS) 

The ONL standard are a metric bolt. The ONL standard originated in Czechoslovakia (now the Czech 

Republic) and is used on the Blanik L13 and any other aircraft originating from that country. Because 

these bolts have metric dimensions, they have often been used as replacements when DIN bolts have not 

been available. However care must be taken to ensure that understrength bolts are not installed and they 

must not be loaded in tension due to the small size of the head. 
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Grade 8E 8G 10G 10K 12K 

Tensile 
Strength 
N/mm2 

800-950 800-100 1100-1300 1000-1200 1200-1400 

Shear 
Strength 
N/mm2 

65 64 90 90 108 

Identification 
marking 

 

  
 

 

Table 12-2  ONL Bolt Identification  

 

 

d e k s Split pin size  

M 5 9.2 2.5 8 1.2 x 10 

M 6 10.4 2.5 9 1.6 x 12 

M 8 13.8 2.5 12 2.0 x 16 

M 10 16.2 3 14 2.5 x 18 

Figure  12-2  ONL 3120 calibrated bolts with hexagonal head (Standard 10G material)  
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d D k Split pin size  

M 5 9 3 1.2 x 10 

M 6 11 4 1.6 x 12 

M 8 14 5 2.0 x 16 

M 10 17 6 2.5 x 18 

Figure  12-3  ONL 3125 Calibrated Bolts With Slotted Head (Standard 8e Material)  

12.2.3 EUROPEAN AIRCRAFT STANDARD BOLT 

Similar to the DIN and ONL standards, these are a metric bolt. There are a wide variety of specially 

approved aircraft bolts available from Europe eg LN 9037 or EN 2859 and have many similarities with the 

AN and MS bolts described below. They are available in a variety of strengths, head styles and are 

available with drilled heads or threads for lock wire or split pins. 

All European aircraft approved bolts will have the standard number either stamped or embossed on the 

head of the bolt. The head of the bolt will also have a number for its diameter and a number for the length 

of the bolt e.g. 9037 06 044 on the head of the bolt will be a LN9037 bolt with a 6mm diameter and a 

44mm length. Note that some older standards will have the ólengthô as the total length of the bolt, while 

newer standards will have the ólengthô as the length of the shank. 

The advantages of European aircraft approved bolts are that the fit of the bolt is slightly tighter (close 

tolerance) than the DIN standard (resulting in reduced free play) and the lengths come in 1mm or 2mm 

increments meaning that you can almost always get the exact shank length you need without needing 

excess washers. The disadvantage is that they are not widely available in Australia and can be costly. 

12.2.4 AN (ARMY NAVY) OR MS (MILITARY SPECIFICATION) 

The AN specification bolts are imperial sizes. They are the preferred fasteners for all general aviation 

aircraft manufactured in the US and are also used extensively on airliners. Because these are specially 

approved aircraft bolts, their quality is assured and they come cadmium plated for excellent corrosion 

prevention. The cadmium plating gives the bolts a yellow or silver colour depending on the process used 

to plate the bolts. 

WARNING 

AN hardware should not be welded as the cadmium plating gives off highly toxic fumes. 

AN bolts are certified to a minimum tensile strength of 125000 psi (º860 N/mm2). 

AN fasteners are only available in imperial sizes and can be purchased from your local LAME in small 

quantities or from an aircraft parts supplier 

Sailplane inspectors will find AN fasteners on American built sailplanes as well as the Pilatus. AN 

fasteners are the preferred choice for amateur built sailplanes and are often used as replacements for 

BSF on British and Australian sailplanes. 
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Figure  12-4  Some AN Bolt Types  

To aid the identification of AN bolts, the head of each bolt has an embossed symbol which represents the 

type of bolt and the material it is manufactured from. Because these bolts are manufactured by a number 

of sources, the exact markings can vary between manufacturers. However, all AN standard steel bolts will 

have standard markings as per  

Figure 12-5 and may also have markings identifying the manufacturer. 

 

Figure  12-5  AN bolt identification  

To fully Identify an AN bolt, it is necessary to know its nominal diameter in 1/16ò and its length. An AN 4 

bolt is 4/16ò in diameter = 0.25ò. Likewise an AN 5 bolt is 5/16ò in diameter = 0.3125ò.  

The length of the bolt from under the head of the bolt to the end of the shank and is expressed as a dash 

number. An AN 4-10 bolt is 0.25ò diameter and is 1.03ò long. Each dash number specifies a different 

length for different bolt diameters. You must refer to a size chart or AN bolt gauge to find the correct dash 

number. If AN bolts are being purchased, a catalogue should be consulted to ensure that the correct bolts 

are ordered. 



Basic Sailplane Engineering, AIRW-M005 

 

Version 25.1  Date of Issue: 01/06/26 Page 106 of 415 

 Uncontrolled if Printed 

AN No Diameter  Thread  Spanner size A/F  

AN 3 3/16ò 10-32 UNF-3A 3/8ò 

AN 4 1/4ò 1/4-28 UNF-3A 7/16ò 

AN 5 5/16ò 5/16-24 UNF-3A 1/2ò 

AN 6 3/8ò 3/8-24 UNF-3A 9/16ò 

AN 7 7/16ò 7/16-20 UNF-3A 5/8ò 

AN 8 1/2ò 1/2-20 UNF-3A 3/4ò 

Table 12-3  AN Bolt Specification  

12.2.5 BSF (BRITISH STANDARD FINE) 

BSF are an imperial bolt.  They are the standard fastener on older British and Australian production 

sailplanes although care must be taken with Australian sailplanes as bolt installation was heavily driven 

by supply of WWII surplus bolts.  The best way to tell if BSF fasteners are fitted to a sailplane is by trying 

to fit a normal spanner. BSF bolts larger than 1/4ò require special spanners such as 17/32 A/F. 

Because BSF hardware is no longer readily available in Australia whenever a bolt becomes 

unserviceable it should be replaced with an AN specification bolt. 

 

Nominal Size  Threads per inch  Spanner size A/F  

1/4ò 26 7/16ò 

5/16 22 17/32ò 

3/8 20 39/64ò 

7/16 18 91/128ò 

Table 12-4  BSF Specifications  

12.2.6 BA (BRITISH ASSOCIATED) 

The BA Standard are an imperial bolt.  As the BSF series of bolts only goes down to 1/4ò nominal 

diameter, a second standard exists for smaller sized bolts. As for BSF, BA is the standard fastener on 

older British and Australian sailplanes for 3/16ò and smaller. 

The usual sizes for BA fasteners are 2BA and 4BA (said ñFour B Aò) and like gauge sizes the higher the 

number the smaller the bolt. Other sizes from 0BA to 10BA are available although, like BSF, they are very 

difficult to find in Australia. BA fasteners also use special spanner and drill sizes. 

BA Number  Shank Diameter  Width across 
flats  

Threads per inch  

2BA 0.185ò = 3/16ò 41/128ò 31.4 

4BA 0.142ò = 9/16ò 1/4ò 38.5 

Table 12-5  BA Specifications  

12.2.7 AUSTRALIAN COMMERCIAL BOLTS 

When bolts are no longer serviceable it is sometimes possible to use commercial bolts in lieu of the 

original specification bolts. Whenever a bolt is replaced, the inspector must be sure that the replacement 

part is of equivalent or higher strength than the original and if a close tolerance bolt has been used then 

the new bolt must be of an equivalent tolerance. Replacement bolts should be purchased from a 

reputable supplier who is able to provide traceability of the bolt. This traceability should include the bolt 

manufacturer, the bolt batch number and the heat treatment that has been applied to the bolt. Bunnings 

will not be able to provide this information. However, suppliers like Konnect (Coventry Fasteners) or 

United Fasteners should be able to supply this information when you request it for your records. 
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When replacing DIN specification bolts, equivalent grade bolts may be used as most Australian metric 

hardware standards are based on DIN specifications. 

If replacing a bolt that is directly in contact with aluminium structure, only cadmium plated bolts are to be 

used as the cadmium plating will corrode in preference to the aluminium. 

Where AN bolts were originally fitted, then only AN bolts may be used as a replacement. 

When replacing BSF bolts, AN bolts should be used. However, if commercial imperial bolts can be shown 

to have equivalent strength then they may be used provided they have a UNF thread. Bolts with UNC of 

Whitworth thread may not be used as replacement bolts in sailplanes. 

12.3 INSPECTION OF BOLTS 

Whenever a bolt is removed it should be inspected for general condition and should be replaced if it has 

any of the following faults: 

a. Corrosion. Only bolts with light corrosion may be re-used and the corrosion should be removed and 

steps taken to prevent it recurring. 

b. Cracks. Any sign of a crack is cause for immediate replacement and investigation into why the 

crack occurred. 

c. Rounded head. If the head of the bolt is at all rounded due to slipping spanners (the spanner used 

was too big) the bolt must be replaced. Even if it is possible to reinstall the bolt to the correct 

torque, you may never remove it again! 

d. Worn threads. Normal threads are not designed to be undone and done up forever. Each time the 

nut is torqued the thread wears and the nut becomes looser on the thread. A bolt which is twenty 

years old and has been removed at each annual inspection may have threads worn beyond 

acceptable limits. 

12.4 BOLTING PRACTICE 

Generally, bolts which carry any significant load in sailplane structures or control circuits are loaded in 

shear. Consequently the plain "shank" of the bolt carries the load and the thread is used only to clamp the 

components together. Bolts should be selected to ensure that only the shank is within the components. 

Because only a limited number of bolt lengths are available, a bolt will sometimes have to be used which 

is slightly too long in the shank and washers will be needed to stop the nut becoming "thread bound" i.e. 

being tightened on the thread run out rather than clamping the components together. The washers should 

be added to the threaded end of the bolt to ensure that the shank is fully in contact with the bearing 

surface. 

 

Figure  12-6  The Right and Wrong Way to Assemble a Bolt - Non-moving Parts.  

Whenever a bolt has excess thread length, the end of the bolt should be shortened so that no more than 

3 threads protrude beyond the end of the nut to prevent the bolt catching on other parts of the sailplane or 

if the bolt is external, the possibility of a tow rope catching the bolt. If the bolt is plated, the cut end of the 

bolt should be painted with primer to prevent corrosion. 



Basic Sailplane Engineering, AIRW-M005 

 

Version 25.1  Date of Issue: 01/06/26 Page 108 of 415 

 Uncontrolled if Printed 

In a push rod assembly joint or a bearing assembly the nut should always be tightened so that the 

movement takes place in the bearing rather than between the bolt and the mounting hole. 

 

Figure  12-7  Correct Bush Assembly  

12.4.1 BOLTING WOODEN STRUCTURES 

Correct bolting practice when installing bolts in wooden structures is vital to ensure the joint is strong 

enough and that it will not degrade over time. Because timber changes size with varying moisture 

content, if the bolt is installed in the middle of winter the moisture content of the timber is likely to be high, 

six months later in summer the timber may have dried out and shrunk therefor allowing the bolt to be 

loose. If the bolt is tightened at this point, then as the timber swells again next time it is wet the fibres may 

be crushed and damaged. 

In this situation the inspector has a difficult decision in deciding the correct tightening of the bolt as the 

bolt cannot be loose or it will work and damage the timber but over torquing can easily cause fibre 

damage in the timber. In general bolts should be tightened until they are just snug. About 1/2 a washer 

depth of fibre crushing seems to be about right. 

To alleviate this problem, most designers place a ñpenny washerò at both ends of the bolt (one under the 

head and another under the nut) to spread the load over a much larger area and thus reduce the problem 

of damaging the timber and the bolt periodically loosening. Penny washers should be used wherever a 

bolt bears on wood, provided there is room. 

12.4.2 BOLT TORQUES 

Whenever a bolt is installed, it is important that the tightening torque is correct. 

Because the spanner length increases in proportion to bolt size it is usually possible for an experienced 

inspector to tension a normal steel bolt by applying a firm torque with the correct sized spanner until the 

bolt is snug. Where a bolt is unusual or the inspector is inexperienced, the manufacturerôs recommended 

torque should be obtained and a torque wrench used. 

Wherever possible, the nut should be rotated and the bolt held still as the friction of the bolt rotating in the 

hole will significantly affect the torque of the assembly. 

12.5 SAFETYING OF BOLTS 

The primary forces which prevent the nut unscrewing from the bolt is the friction force developed between 

the thread of the bolt and the thread of the nut and, as experience on many types of machines has 

shown, if the bolt is correctly torqued the nut is very unlikely to come undone. It is for this reason that all 

threads should be free from oil or grease before being assembled unless the manufacturer explicitly says 

to lubricate the thread. 



Basic Sailplane Engineering, AIRW-M005 

 

Version 25.1  Date of Issue: 01/06/26 Page 109 of 415 

 Uncontrolled if Printed 

Because of the consequences of a bolt coming undone in flight every bolt in a sailplane (in every aircraft 

for that matter) must have a second method of preventing the nut from coming undone. 

12.5.1 ELASTIC LOCK NUTS 

The most common method of safetying bolts in sailplanes is to use an elastic lock nut. These nuts have a 

plastic or fibre insert in one end which is cut into by the bolt thread as the nut is wound onto the bolt. 

Because of the elastic nature of the insert, it provides a high friction force on the thread which is 

independent of the tightening torque and so is acceptable as a safetying device. 

When using elastic lock nuts the following points should be noted: 

a. The bolt is in safety when one full thread is showing through the elastic insert. 

b. The nuts may be reused until they can be wound on with the fingers. The nut may not be salvaged 

by tapping the end of the nut with a hammer to tighten insert. 

c. The nuts may be used over bolts which have been drilled to accept split pins provided there are no 

burrs on the bolt. 

d. The nuts may be used over bolts which have had the excess thread removed provided the thread 

at the cut end of the bolt has been filed to prevent the sharp edge from cutting the plastic insert. 

e. The nuts must be torqued sufficiently to prevent the bolt rotating in the joint. In some designs it is 

not possible to tighten a rotating joint and maintain movement and in these installations elastic stop 

nuts must not be used 

f. Most elastic lock nuts are not heat resistant and so should not be used in the engine compartments 

of powered sailplanes. 

g. Elastic lock nuts must not be used on rotating components like rudder hinges as the frequent 

rotation may cause it to loosen. Split pins must be used for such application and castellated nuts 

must not be replaced by elastic nuts. 

12.5.2 OTHER LOCK NUTS 

When an elastic stop nut cannot be used because of the possibility of fire, an all metal lock nut must be 

used. These nuts come in a number of varieties and have generally been deformed in some way so they 

provide a metal-to-metal interference fit. Whenever an all-metal locknut is disassembled both the bolt and 

nut must be replaced as the threads are permanently damaged when the nut is wound onto the bolt. 

12.5.3 REDUCED HEIGHT LOCK NUTS 

In some applications where there is limited clearance eg airbrake blades, some release installations, 

reduced height lock nuts are sometimes used. As these nuts are thinner than the full-size nuts, they will 

have reduced tensile strength as their load transfer to the bolt thread is reduced. These must only be 

used where the bolt is loaded in shear. 

 

Figure  12-8  Reduced Height Lock Nut  

Bossard Australia have BN19175 reduced height lock nuts in a range of styles available at their online 

store: https://uat9.bossard.com/au-en/.  The maximum torque for M6 BN19175 is 4 Nm.  

https://uat9.bossard.com/au-en/
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12.5.4 CASTELLATED NUTS 

On older types constructed before elastic stop nuts became readily available the primary means of 

safetying bolts is to install a castellated nut and a split pin through a hole in the bolt. This method of 

safetying may be used where it is not possible to correctly torque the bolt because the required rotation 

will be lost. 

When installing castellated nuts the nut should be torqued until the slot in the nut aligns with the hole in 

the bolt. If it is not possible to align the hole and the slot using a reasonable torque, then different 

thicknesses of washers should be used so the correct alignment can be obtained. 

12.5.4.1 SPLIT PINS 

The usual way to safety the castellated nut is using a split pin. It is important that the pin be the correct 

size as if a pin the wrong size is used it may not be strong enough to adequately retain the nut. As shown 

in Figure 12-9 there are two possible ways to install a split pin. 

 

 

Figure  12-9  Split Pin Installation  

When installing a split pin the following rules should apply: 

a. The prong over the end of the bolt should be trimmed so that it doesnôt extend beyond the bolt 

diameter. 

b. The prong bent down should be trimmed so that it doesnôt touch the washer. 

c. If the optional wrap around method is used the prongs should be trimmed so they do not extend 

past the nut. 

d. Reasonable bend radii should be used as tight bends are prone to breakage. 

e. Split pins should never be reused. 

12.5.5 SAFETY WIRING 

Whenever a bolt is installed in a captive nut or where a number of bolts form a cluster, it is usual to safety 

these bolts using lock wire. 

 Optional Preferred 



Basic Sailplane Engineering, AIRW-M005 

 

Version 25.1  Date of Issue: 01/06/26 Page 111 of 415 

 Uncontrolled if Printed 

 

Figure  12-10  Safety Wiring  

When safety wiring is used the following points should be noted: 

a. Only use aircraft grade safety wire. It is cheap and readily available with a little planning. 

b. All lock wiring must be installed so that the tension in the wires tends to tighten the bolts. 

c. Proper aircraft lock wire pliers make the task of lock wiring much easier. See Figure 5.8. 

 

Figure  12-11  Lock Wire Twisters  

12.5.6 JAM NUTS 

The use of jam nuts on ordinary nut and bolt installation is not recommended on sailplanes because the 

method is poorly understood. When the outer nut is tightened against the inner nut it experiences much 

higher loads than the inner nut and so the thick nut should be to the outside. 

 

Figure  12-12  Jam Nut Assembly  

The only place on a sailplane that jam nuts are commonly used is to secure the rod ends into the 

pushrods. 

12.5.7 PUNCH LOCKING 

Sailplane manufacturers sometimes use punch locking to secure a nut when there is not enough space 

for a self-locking nut or castellated nut. This method has been used in the past for reasons of economy 

where it was intended that the nut would be seldom, if ever undone. 

To remove the bolt, the deformed end must first be filed or ground back to the nut. The nut may now be 

unscrewed but any remaining burrs on the end of the bolt should be removed before an attempt is made 

to remove the bolt from its hole. 
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A new bolt must be fitted each time a bolt secured by punch marking is removed. The new bolt must have 

the correct length of shank with the thread trimmed off to allow approximately half a millimetre to extend 

beyond the nut. 

After the nut has been tightened, the bolt head should be supported with a dolly while the punch marks 

are made. 

 

Figure  12-13  Punch Locking  

12.5.8 LOCTITE 

Sometimes, especially when vibration is high such as in powered sailplanes, Loctite or a similar product is 

used to secure the bolt. These products set in the absence of oxygen and so only harden between the 

threads. The advantage of the Loctite is that all other products are excluded and so the chances of 

corrosion are greatly reduced. 

Special care must be taken to select the correct Loctite grade. Most manufacturers specify the grade to 

use and this must be adhered to. Where the manufacturer hasnôt specified the grade then the Loctite 

published guides should be used when selecting the correct grade to use. 

12.5.9 TAB WASHERS 

A tab washer is a special washer which is bent up after the nut has been tightened and provides a 

mechanical safetying of the fastener. 

 

Figure  12-14  Typical Tab Washer  

Any tab washer which has been used should not be used again. 

12.6 WASHERS 

Whenever a nut and bolt are used, a washer should be installed between the nut and the fitting to adjust 

the position of the nut to prevent thread binding. When bolting steel, the washer may be omitted so the 

nut is within safety. 

If aluminium or magnesium structures are being bolted, then a cadmium plated steel washer should be 

used as the cadmium will corrode rather than the alloy structure. 

As noted in Section 5.4.1, ñpennyò washers should be used wherever wooden structures are bolted. 
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12.7 CLEVIS PINS 

Clevis pins are used in cable systems and in secondary control systems. They consist of a steel pin with 

a head at one end and a hole drilled at the other end to accept a split pin. 

 

Figure  12-15  Typical Clevis Pin  

Whenever a clevis pin is installed, a washer should be placed between the split pin and the parts to 

prevent the part being worn by the split pin. 

12.8 ROLL PINS 

Roll pins are a convenient method for sailplane manufactures to use for securing parts, especially the 

pins used as hinges of control surfaces on some Grob and Schempp-Hirth sailplanes. 

During maintenance, roll pins can cause a few problems. They rely on expansion to provide the friction 

which locks them in place. Because of the likelihood of damage to the roll pin during fitting and removal, 

they should be only used once. 

The end of the roll pin should be checked for burrs before any attempt is made to remove it. If there are 

burrs or the pin has been flared out during installation, it is necessary to file the end of the pin flat so it will 

pass through the hole. 

Removal should be done using some form of extractor or pressing tool to avoid damage to the sailplane 

structure. If the use of a hammer and punch cannot be avoided, the structure should be supported with a 

dolly. The punch used must be slightly smaller than the hole and have a flat end. 

Components are usually drilled by hand at assembly e.g. aileron hinge pins on Grob Astirs. The parts will 

only go together with the original pin in the original hinge so care must be taken not to mix the pins. 

12.9 TORQUE 

Nuts are tightened onto a bolt by applying a twisting force (torque) to the nut. Torque is measured as 

Force (kg, N or pounds) times a lever length. Typically, Newton-meters or foot-pounds are used, but 

sometimes an unusual unit such as a kg-cm is used. 

It is very important that the correct torque be applied. In particular, over-torquing must be avoided 

because it can cause failure of the bolt. Under-torquing can cause wear by allowing movement where 

none should exist. 

A correctly torqued bolt will have the correct amount of tensile stress and the correct amount of bolt 

stretch, thus allowing the bolt to exert the proper clamping force. 

For example, a 6mm diameter bolt carrying 288 kg of tensile load has a tensile stress of 99.8 n/mm2 and 

has stretched .057mm. (See below for details of this calculation) 

For most sailplane work, it is not necessary to use a torque wrench, but it is necessary that the sailplane 

engineer calibrate themselves to find out how much force they need to apply with the spanners they are 

using. Where the torque is critical for particular bolts, the bolt torque will be specified in the aircraft 

maintenance manual. 

Below is a table of the correct torques for commonly used bolts. The figures are based on turning the 

NUT and not rotating the whole bolt while holding the nut still. 
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Bolt type  Size Correct Torque  

Cadmium plated unlubricated AN 
(Army-Navy) aircraft bolts 

 

1/4" 

5/16" 

3/8" 

1/4", into wood with penny washers 

11 N-m 

34 N-m 

40 N-m 

9.5 N-m 

Metric DIN (Deutsche Industrie-Norm 
, as used on most German 
sailplanes)  

Property Class 12.9 (this is the 
highest property class and 
equivalent in strength to AN bolts). 

M5 

M6 

M8 

M12 

8 N-m maximum 

14 N-m maximum 

35 N-m maximum 

121 N-m maximum 

Table 12-6  Recommended Bolt Torques  

A cautionary case example:  On a Jabiru undercarriage, a high-tensile bolt from a hardware shop was 

substituted for an AN bolt.  The person doing this substitution thought he was doing a good thing. Well the 

bolt failed very early from fatigue, luckily as the aircraft was being wheeled out the hangar. In this case, 

the hardware shop bolt was defective in toughness, as measured by "elongation to failure" in comparison 

to the AN bolt. It may well have had other property defects too.  

12.9.1 NUT FRICTION AND TORQUE 

To apply the correct tensile stress to a bolt by means of tightening a nut, it is important that the friction 

between the nut and bolt be known.  It has been estimated that only 10% of the applied torque goes into 

tensile stress in the bolt. 50% is spent overcoming nut friction and 40% overcoming thread friction. So the 

nature of the surfaces involved in producing this friction becomes important.  Lubricated nuts require less 

torque than dry nuts. 

A cautionary case study:  An automotive manufacturer changed to a different bolt supplier, with no other 

changes intended. Suddenly the factory suffered a spate of bolt tensile failures.  It turned out that the new 

bolts had a lower coefficient of friction and applying the same torque was overloading them. 

On some torque wrenches, you will see that an alternative method of achieving the correct tensile stress 

is catered for... the nut is turned a calculated amount after contacting the surface to be clamped. 

Thus in the 6mm example bolt referred to previously, where 0.057 mm of stretch is to be applied to 

achieve the stress of 99.8 N/mm2, this corresponds to 20.5 degrees of rotation of a 1 mm thread pitch nut. 

(This calculation uses 210,000 N/mm2 as the Young's Modulus for steel) 

12.9.2 SPANNER LENGTH 

Remembering that Torque = Force x Distance, it follows that doubling the length of your spanner will 

double the torque applied by a given hand force. 

This fact has caused some manufacturers to deliberately cut down the length of spanners used in 

production so that nuts are less likely to be over-torqued.  

12.10 REPLACING HARDWARE 

If you cannot obtain the correct replacement and you are not sure of the correct replacement based on 

the above guidelines then you must apply for engineering help from the GAus. We can arrange an 

engineering order to specify a replacement.  

12.11 REFERENCE AND FURTHER READING 

EA-AC 65-9A Airframe & Power plant Mechanics General Handbook. IAP Inc. Casper, Wyoming. 
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AC 43.13-1A Change 3. Acceptable Methods, Techniques and Practices. IAP Inc. Casper, Wyoming. 

Ajax Fasteners. Fastener Handbook, Bolt Products. Ajax Fasteners, Richmond, Victoria, 1985. 

Machineryôs Handbook, 24th Edition. Industrial Press Inc., New York, 1992. 

Ray C. Stafford-Allen. Glider Maintenance Manual. British Gliding Association, London, 1959. 

Sailplane Overhaul Manual (Wooden Construction) General Part. Warsaw, 1967 
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13 LUBRICATION 

13.1 GENERAL 

Lubrication is a wide subject, with a seemingly endless variety of greases and oils available, each with its 

own particular properties. 

To be able to choose suitable lubricants, proper account must be made of the way the lubricants will be 

expected to work in the sailplane/powered sailplane and the types of bearings to be serviced. 

13.2 LUBRICANT REQUIREMENTS 

Many factors influence the choice of lubricant. While you should endeavour to use the recommended or 

required types according to your aircraft maintenance manual, sometimes nothing is specified. 

Consideration of the following factors will help the selection of an appropriate type in the absence of 

specific guidance from the manufacturer: 

a. Environment: 

i. Heat Range, 

ii. Moisture, and 

iii. Dust; 

b. Load carrying ability: 

i. Impact, 

ii. Speed (high or low), and 

iii. Cyclic; 

c. Material compatibility: 

i. Bronze, 

ii. PTFE, 

iii. Steel, 

iv. Aluminium, and 

v. Nylon; 

d. Seal type (rubber, nylon etc): 

i. Serviceability, 

ii. Access for lubrication, and 

iii. Maintenance intervals; 

e. Bearing type: 

i. Slide, 

ii. Plain rotary, 

iii. Ball rotary, 

iv. Roller rotary, and 

v. Sealed rotary. 

13.3 TYPES OF LUBRICANTS 

There are four main types of lubricants that can be used in a sailplane: Oil, grease, solid film and silicone. 
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13.3.1 OIL 

Oil is a liquid at room temperature and comes in both organic and synthetic forms. It is not normally used 

in sailplane applications, except where used in motors and hydraulic systems (e.g. wheel brakes, oleo 

struts). 

Oils suffer from evaporative losses so have a shorter service interval compared to other forms. They do 

tend to attract dust and dirt, and can wick into unprotected composite fibre structures if used excessively. 

13.3.2 GREASE 

Grease is just oil with a thickener added to make it semi-solid at the appropriate working temperature. 

Three main classes of thickeners are used; metal soaps, organic (urea) or inorganic. The thickeners 

contribute greatly to the properties of the lubrication, such as the temperature range that it will lubricate at 

(both low and high temperatures), but the actual lubrication is still performed by the contained oil. The 

thickeners also contribute other useful properties, such as antioxidant, rust prevention, and ability to work 

under extreme pressures.  

13.3.3 SOLID FILM 

These are non-oil-based methods of coating a surface to help prevent sticking and interference. They are 

typically used in situations where oil and grease would not survive for any reasonable length of time, such 

as suspension and gas struts. Typical soft examples are graphite, PTFE (Teflon) and hard examples 

Titanium Carbide/Nitride (TiC/TiN) and Chrome. These lubricants, apart from graphite, will not be applied 

by an Annual Inspector. If wear is found in surfaces with these lubricants, then the item should be 

checked with an appropriately authorised professional service.  

13.3.4 SILICONE 

Silicone is a synthetic lubricant that is particularly good where rubber may be used in sliding applications 

and dirt pickup is not desirable. It typically comes in a pressure pack. 

It is not good for rubber seals around water dump systems (standard grease is better here), but the 

sliding rails on clearview panels can benefit from silicone if they are sticky.  

Silicone can be very problematic around paint and fibreglass, making it impossible to paint or repair 

areas. It must be very carefully applied if being used, to ensure that none gets on the main structures of 

the aircraft. 

13.4 RECOMMENDED LUBRICANTS 

It is not GAus policy to specify commercial products, particularly lubricants as there is such a wide range 

available, and applicable to different roles, as the previous checklist outlines. Use of a Molydenum Di-

Sulphide grease in one application, would be incorrect in another application. When in doubt, first check 

the aircraftôs Maintenance Manual for requirements.  

CAUTION 

Use aircraft low temperature grease on control linkages to avoid freezing at high altitude. 

Donôt use copper slip in aluminium head spark plug threads. Use Nickel Anti-Seize. 

13.5 SHELF LIFE OF LUBRICANTS 

Oils and greases are generally quite stable and do not deteriorate over time if left in the original container, 

unopened. Some special purpose oils, such as hydraulic (brake) fluid, will have a very limited shelf life as 

they will accumulate water if left in an open container, so it is important to be aware of the type of fluid 

and storage requirements. Check the packaging for storage requirements.  

As a rule, synthetic oils and greases will last for 10 or more years with no discernible impact on 

performance. Greases can appear to separate so that you get standing liquid and the thickener. Typically 

a quick mix of the two together will restore the grease to a workable solution. 
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13.6 LUBRICATION TECHNIQUES 

Applying lubricants to various surfaces always should start with a thorough cleaning. Solvents may be 

used, but first check as some solvents have a habit of destroying rubber seals and other essential 

components in the system being lubricated. Most of the time, a good wipe with a clean rag will be 

sufficient cleaning before applying the new lubricant.  

Once cleaned, exposed items like spar pins should also be checked for deterioration in the underlying 

item. Spar end pins have a tendency to get a light amount of rust due to water from the trailer or being left 

outside tied down during a storm ï clean and polish it off. Undercarriage and control surface hinges will 

gather a lot of dust, which can cause scoring or excessive wear. Where possible, a quick test fit should be 

done without lubricant applied to ensure that there is not too much freeplay in the system. Lubricants, 

particularly grease, should not be used to compensate for out of tolerance play.  

Don't lubricate a bearing without understanding how the bearing is made and how the manufacturer 

considers it should be serviced. The sailplane/powered sailplane manufacturer will also provide some 

directions for lubrication maintenance; those recommendations should be adhered to wherever possible.  

CAUTION 

Some bearings, such as plastic linear control rod bearings must not be lubricated. 

13.6.1 SIMPLE GREASE GUN 

While many greasing tasks can be performed with just the use of a finger and rag, sometimes a grease 

gun will be better to lubricate bearings. Several commercial options are available from the local auto parts 

store and will work sufficiently well. Alternatively, a homemade grease gun can be fashioned from a 

simple bolt and piece of hose.  

To use it, fill the hose up with grease using your finger and then press the open end of the hose to the 

target bearing. Press on the bolt head until the clean grease starts to appear on the other side of the 

bearing. See the following figure. 

A cut off disposable syringe also works well and come in various sizes from the chemist. 

 

Figure  13-1  Simple Grease Gun  
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13.6.2 GREASE NIPPLES 

The Blanik L13 and other European sailplanes and powered sailplanes are manufactured with grease 

nipples that are not compatible with Australian hand grease guns. In these cases the grease nipples may 

be replaced with a local type to allow grease guns to connect properly. 

It is not uncommon to see older metal sailplanes still in service with the European nipples, which usually 

means those parts, in particular the undercarriage, may never have been properly greased. This usually 

results in rapid wear of undercarriage mechanisms. 

Newer sailplanes should have had these replaced as part of their initial issue of the Certificate of 

Airworthiness checks when they are brought into the country, so an Annual Inspector should not need to 

check this often. If nipples have been replaced, an appropriate entry should be found in the logbook.  

13.6.3 PRESSURE PACK LUBRICANT WARNING 

Most spray can (pressure-can) "Freeing Agentsò, such as WD40, are not true long-term lubricants, as the 

following article warns: 

Control Lever Rod End Wear 

In the process of monitoring an increase in replacements of control lever cable rod ends due to 

excessive wear service engineers have made a surprising discovery: some rod end bearings are 

being lubricated to death. A review of operator maintenance practices reveals that a significant portion 

of the failures are being induced by over lubrication through improper procedures. 

The Heim F34-14 bearing has a split outer race and an SAE 52100 steel element. The bearing is pre-

greased upon assembly and a small reservoir to hold the operating grease is built into the rod end.  

A review of operator maintenance techniques has revealed that operations with the highest frequency 

of F34-14 bearing failures are those who are lubricating them with pressure-can lubricants such as 

LPS or WD4O.  While affording some benefit immediately after application, the method of application 

of these lubricants may actually contribute to the failure of the bearing. 

Application of pressure-can lubricants, through the use of the extended application tubes furnished 

with the can, delivers the lubricant with such force that it actually washes the manufacturer's lubricant 

out of the rod end removing its protection and contributing to the failure. 

Few of the pressure-can lubricants are effective in high temperature areas such as the engine 

installation due to accelerated evaporation of the lubricant carrier. It is felt that elimination of direct 

application of pressure-can lubricants will contribute to the life of the F34-14 bearing. If the operator 

determines that lubrication is required, it is recommended that the ball element be hand packed with 

MIL~G-81322, the moisture and temperature resistant grease used in the landing gear wheel 

bearings. 

13.7 GREASING FREQUENCY - UNDERCARRIAGE 

In club trainers, experience shows that 50-hour lubrication periods result in extended undercarriage life. 

GAus strongly recommends, even where the sailplane/powered sailplane manufacturer does not request 

it, that a regular "grease and oil change" be adopted as a maintenance policy. This could be hour or 

number of flights based. 

13.8 REFERENCES 

AIR5433A Lubricating Characteristics and Typical Properties of Lubricants Used in Aviation Propulsion 

and Drive Systems 

AeroShell Listing of US Aviation Lubrication Standards: 

https://www.shell.com/content/dam/shell/static/aviation/downloads/AeroShell-Book/aeroshell-book-

10busspecs.pdf 

https://www.shell.com/content/dam/shell/static/aviation/downloads/AeroShell-Book/aeroshell-book-10busspecs.pdf
https://www.shell.com/content/dam/shell/static/aviation/downloads/AeroShell-Book/aeroshell-book-10busspecs.pdf
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14 CABLE SYSTEMS 

14.1 INTRODUCTION 

Steel cables are used extensively in sailplanes as part of the control system and in some vintage 

sailplanes as external bracing as part of the structure. Each cable assembly consists of the cable itself 

and some form of end terminal. The terminal is usually a looped end which is held in shape by a thimble 

and a sleeve which is swaged into place. The cable assembly may also contain a turnbuckle for adjusting 

cable tension and may pass around a number of pulleys and through fairleads (a device to guide a cable 

around an object). 

Some older sailplanes may contain hand woven splices rather than swaged endings. Teaching of hand-

woven cable splicing is beyond the scope of this book and the local club expert (if there is one) should be 

consulted before attempting a woven splice.  The expert may be identified by his great age and gnarled 

fingers!  All hand-woven cables must be in accordance with the procedures in AC 43.13 1B Chapter 7. 

 

Figure  14-1 Typical Cable End  

The steel cable used in aircraft is available in galvanised steel or in stainless steel. The stainless steel 

cable is more expensive than the galvanised cable and, in most applications, wears more quickly. Only in 

environments where corrosion is a real problem should the use of stainless steel cable be considered. 

14.2 CABLE TYPES 

 All cables consist of a series of wires which are wound together to produce a strand. The strands are then 

wound together around a central strand to form the cable. Cable designation is set down as: Number 

of strands x Number of wires per strand. Most cables used in Australia are either: 

 

 

7 x 7 flexible cable or  

 

 

 

 

7 x 19 extra flexible 

 

 

Figure  14-2  Cable construction  

14.2.1 AMERICAN CABLES 

The main cable type is the American system which designates its cables by the outside diameter of the 

cable. This is the cable system used on almost all GA aircraft and is readily available, at a price, from any 

LAME workshop in the country. 
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Almost all cables found in sailplanes in Australia will be either 3/32" or 1/8" with a small amount of 5/32" 

cable. 

 CAUTION 

You cannot mix imperial and metric cable components even if they look right. 

Available cable sizes are: 

Diameter  
(Inches)  

Construction  Breaking Strength 
(lb.)  

Approx. weight per 
100' (lb)  

1/16" 7 x 7 480 0.75 

3/32" 7 x 7 920 1.60 

3/32" 7 x 19 1000 1.70 

1/8" 7 x 19 2000 2.90 

5/32" 7 x 19 2800 4.50 

3/16" 7 x 19 4200 6.50 

1/4" 7 x 19 7000 11.00 

Table 14-1  Available American Cables Sizes  

14.2.1.1 NICOPRESS SWAGE 

American cables must be terminated with a Nicopress swage. The process must be done using the 

correct sleeve and the correct thimble in the special Nicopress tool, the finished joint is then stronger than 

the cable itself. There are two types of tool, a hand squeezer which resembles a set of bolt cutters or the 

less expensive clamp squeezer both of which are genuine Nicopress tools and the only tools which may 

be used to swage American aircraft cables. 

 

Figure  14-3  AN 100 Thimble  

 

Figure  14-4  Swaging Sequence for 1/8ò Cable 
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Cable Sleeve AN 100 
Thimble  

Thimble 
dimensions  

  

Size Stock No.  Dash No.  A B C 

1/16" 18-1-C -3 0.35 0.7 3/32 

3/32" 18-2-G -4 0.35 0.7 9/64 

1/8" 18-3-M -4 0.35 0.7 9/64 

5/32" 18-4-P -5 0.4 0.8 11/64 

3/16" 10-6-X -6 0.5 1.0 13/64 

Table 14-2  Sleeve and Thimble D imensions  for American C able  

After the Nicopress splice is completed, it must be inspected to the following criteria: 

a. Sufficient "tail" extending from the sleeve (2 to 3 mm). 

b. Thimble gripped firmly but with tips not distorted or buried in the sleeve. 

c. On the 1/8-inch cable splice, the three compressions must be evenly spaced with no overlap or 

bending of the sleeve. 

d. Check each compression for size with the appropriate gauge. 

e. Proof load to 60% of cable breaking strength (or proof load sample). 

14.2.2 BRITISH CABLES 

The British system is found in a number of older designs and the cables are designated by the minimum 

breaking strain which the cable should sustain in hundredweight (cwt.) (one hundredweight is equal to 

112 lb. or 50.8 kg). The most common sized cable used in sailplanes is the 10 cwt. 

14.2.2.1 TALURIT SWAGE 

Manufacturing of a Talurit swage is similar to producing a Nicopress swage. When using the Talurit 

system, only genuine Talurit ferrules, thimbles and compressing tools may be used. After the Talurit 

swage has been completed, the flash may be removed carefully with a file provided the diameter of the 

ferule is not reduced. Inspection must include: 

a. Check for correct diameter of ferrule after compression. 

b. Sufficient "tail" extending from the sleeve (2 to 3 mm). 

c. Thimble gripped firmly but with tips not distorted or buried in the sleeve. 

d. Check ferrule for cracks with 5X magnifier 

e. Proof load to 60% of cable breaking strength (or proof load sample). 

 

Figure  14-5  Sectioned Talurit Sleeve  

14.2.3 OTHER CABLE SYSTEMS 

The other systems which may be encountered are: 
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a. Metric DIN specification cable. The metric system is a direct equivalent for the American system as 

the sizes of the cable have been chosen to match the American system. The most common size 

cable is 3.2 mm diameter. But you cannot use a metric swage on a very similar imperial cable, etc, 

they may slip, and it would be illegal. 

b. Hemp cored cable. This was used in eastern European countries but has been banned from 

sailplanes in Australia for many years. 

As well as the Nicopress swages some sailplanes use cable terminal ends. Installation of these terminal 

ends is a specialist job and requires the use of a rotary swaging tool. If you have to replace a cable which 

uses this type of terminals, the job should be entrusted to your local LAME.  Note if stainless steel then 

follow CASA AD/GEN/87 (must be replaced every 15 years.) 

 

Figure  14-6  Typical Cable Terminals  

14.3 CABLE INSPECTION 

 

Figure  14-7  Individual Outer Wires Worn Less Than 40% (Worn Areas Individually 

Distinguishable)  

The most common reason for replacing a control cable is wear, which will occur at every point at which 

the cable contacts any other part of the sailplane. Worn cable will show itself by bright areas on the cable 

(provided the cable has been in recent service) and the individual strands of the cable must be inspected 

under magnification for excessive wear. Cable wear patterns should be compared to the diagrams. 

Cables as per Figure 14-7 may continue in service. Cables in which the outer strands are more than half 

worn must be replaced. 

 

Figure  14-8  Individual Wires Worn 40 - 50 % (Note Blending Of Worn Areas)  
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Figure  14-9  Individual Wires Worn More Than 50 %  

Fatigue will show itself in the form of broken wires at any point where the cable changes direction. Small 

diameter pulleys and fairleads which force a change of direction are likely areas to look. Running a rag 

along the cable should detect any broken wires or the cable can be bent and any broken wires will stand 

out. 

 

Figure  14-10  Cable Inspection Technique  

Corrosion should be looked for anywhere the cable is likely to get wet, either from water, sweat or battery 

fumes. Hemp cored control cable, which was banned in Australia many years ago, was very susceptible 

to corrosion. To check for the presence of a hemp core, twist the cable against its direction of "lay" and 

observe the core strand. If the Inspector does not have the strength to execute the foregoing method, a 

two-inch nail can be inserted between the strands without damage to the cable and the core inspected. 

Note: Some cables may have a thin coloured cotton thread, which is acceptable, as distinct from a hemp 

core which will be brown in colour. 

14.4 CABLE LIFE 

Cable life may be limited by 3 factors: 

a. The requirements of an Airworthiness Directive. 

b. There may be specific instructions contained in the sailplaneôs maintenance manual. 

c. Where cable life is not limited by a) or b) above, the cables must be replaced on condition. 

14.5 CABLE CARE 

To obtain maximum cable life the cable should be protected by a light coating of graphite grease or 

general purpose low temperature oil. If over time a heavy accumulation of the corrosion preventative 

compounds occurs, then it should be removed and fresh protector applied. When cleaning the cable do 

not use MEK or other solvents as this will remove the internal lubricant in the cable. 

Special care should be taken when handling cables to prevent kinking. Once a cable is kinked it is ruined 

and must not be used in aircraft. 
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14.6 PULLEYS 

Pulleys should be checked for any roughness of operation and condition of bearings. These pulleys are 

also known to seize and instead of rotating the cable slides over the pulley. This causes excessive control 

circuit friction and wear to both pulley and cable. 

 

Figure  14-11  Pulley Wear Patterns  

The wear pattern which appears on the pulley can be a good guide to the health of the cable system. 

14.7 CABLE TENSION 

The turnbuckle is used to alter the length of the control cable for the purpose of adjusting the control 

position and adjusting cable tension. 

On sailplanes with closed type control cable systems, the cable tension determines the amount of control 

free play and control circuit stiffness. It is critical the correct cable tension is maintained and this can be 

checked with a cable tensiometer. The correct tension for a closed-circuit control cable should be 

provided in the aircraftôs Maintenance Manual. 



Basic Sailplane Engineering, AIRW-M005 

 

Version 25.1  Date of Issue: 01/06/26 Page 126 of 415 

 Uncontrolled if Printed 

 

Figure  14-12  Typical Tensiometer  

14.8 TURNBUCKLE LOCK WIRING SCHEMES 

When locking a turnbuckle, it must meet the following specifications: 

a. The terminal end threads on MS or AN type turnbuckles must not protrude from the barrel by more 

than three turns (the turnbuckle barrel will be labelled). All other turnbuckles must have no threads 

showing. 

b. Safety wiring should be done neatly with no loose ends which can catch on adjacent structure or 

another turnbuckle. 

c. Safety wire must not be reused. The minimum size of the safety wire and the minimum strength of 

the safety wire material vary depending on the size of the cable (the correct sized turnbuckle must 

also be used) and is shown in the following table: 

Cable Size  Type of wrap  Diameter of safety 
wire  

Material  

 (annealed condition)  

1/16ò Single 0.040 Copper, Brass.1 

3/32ò Single 0.040 Copper, Brass.1 

1/8ò Single 0.040 Stainless Steel, Monel 
and ñKò Monel. 

1/8ò Double 0.040 Copper, Brass.1 

1/8ò Single 0.057 min. Copper, Brass.1 

5/32ò and greater Double 0.040 Stainless Steel, Monel 
and ñKò Monel. 

5/32ò and greater Single 0.057 min. Stainless Steel, Monel 
and ñKò Monel. 

5/32ò and greater Double 0.0512 Copper, Brass.1 

1 Galvanised or tinned steel or soft iron wires are also acceptable. 

2 The safety wire holes in 5/32ò diameter and larger turnbuckles may be drilled sufficiently to accommodate the 

double 0.051ò copper or brass wires when used. 

Table 14-3  Lock Wire Size for Cable Size  

d. Turnbuckles must not be lubricated. 

e. There are 4 ways of lock wiring a turnbuckle however only two of these commonly are used on 

sailplanes. They are the single wrap and the double wrap as shown in shown below. Both methods 

are acceptable. 
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Figure  14-13  Single Wrap  

 

Figure  14-14  Double Wrap  

e. Whenever the safety wire is wrapped around the turnbuckle (position A in Figure 14-13 and Figure 

14-14), it must pass around at least 4 times. 

14.9 MAKING A NEW CABLE 

The most important part of making and installing new cables is to ensure the length of the cable is 

correct. Incorrect cable lengths can cause uneven rudder pedals and loss of full control movement. Most 

FRP sailplanes which use cables in the rudder system have no turnbuckles to adjust out the slight 

inaccuracies of cable construction and so special care must be taken to ensure correct cable length. 

If an old cable is being copied it is important to check the operation of the control in all positions prior to 

beginning. Available turnbuckle adjustment should also be checked. 

Cables stretch when loaded for the first time as the cables bed in. It is therefore advisable the cables be 

preloaded to 50% of their breaking load prior to being fabricated into cable assemblies. When stretching 

the cables special care must be taken by placing a guard over cable to prevent injury in the event of a 

cable break. 

If it is not possible to manufacture the cable and install it in the sailplane, then the cable must be made up 

in situ. One end of the cable (the end which is most difficult to access in the sailplane) should be made up 

and cable then fitted to the sailplane. The length of the cable should be adjusted and the second end 

swaged. Construction of the cable may be made easier using a splicing clamp as shown in Figure 14-15. 

 

Figure  14-15  Cable Swaging Clamp  

14.9.1 PROOF TESTING 

Each cable manufactured must be proof tested to 60% of its breaking strain where the cable can be 

removed from the sailplane.  If it is not practical to proof load the finished cable in the sailplanes a sample 

cable may be tested provided it is made using the same materials and process as the ones fitted to the 

sailplane. 
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Testing the cables can be performed by using a leverage assembly, say 10 to 1, and a spring balance to 

measure the load. When loading the cable precautions, such as guards over the cable, must be taken to 

prevent injury if the cable should fail. 

Sample calculation: 

Assume testing in a rig with 10:1 leverage and 1/8 cable: 
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15 [ΩIh¢9[[L9w /hbb9/¢hw{ 

LôHotellier connectors are used in a wide range of sailplanes as a flexible joint and means of quick 

connection / disconnection of flight control systems for rigging and de-rigging purposes.  This Chapter 

details the essential daily checks, periodic inspection and maintenance requirements for LôHotellier 

connections that ensure the integrity of the control system and thus the safety of the sailplane and pilot.  

This BSE chapter was first published in November 2021 and supersedes GAus AD177 Issue 7 and 

AD178 which were then cancelled. 

15.1 BACKGROUND 

LôHotellier is a French manufacturing company based in Anthony, France.  As at the date of creation of 

this document, LôHotellier is part of Collins Aerospace and there is no appointed company agent in 

Australia for purchase of parts and no product information posted on the internet.  

Orders for components placed directly with LôHotellier are subject to large minimum order quantities and 

long lead times.  Some LôHotellier component stock is held in Australia by Riverland Sailplanes (Waikerie 

SA) and Maddog Composites (Dinmore QLD).  Otherwise, LôHotellier components can usually be 

obtained via the sailplaneôs manufacturer or their Australian agent. 

15.2 59{/wLt¢Lhb hC [ΩIh¢9[[L9w a9/I!bL{a 

LôHotellier connectors enable linear (push/pull) forces to be transmitted but not rotary forces. They are 

commonly found connecting aileron, elevator and airbrake control linkages in sailplanes built between 

approx 1975-2000. 

LôHotellier connectors comprise a ball and a matching spherical socket into which the ball is inserted and 

held by a plunger.  The plunger is locked into position by a spring-loaded wedge tab or else a spring-

loaded cam.  Depressing the wedge or cam enables the plunger to slide and thus the socket opens to 

allow the ball to be insert or removed from the socket. 

 

Figure  15-1  LôHotellier Mechanism (standard 90  Type 41 connector) 

There are 3 types of connection: 

a. óStandardô 90-degree swivel joint.  The axis of the ball shaft is at approximately 90 degrees to the 

axis of the socket shaft.  Eg this is the configuration used to connect an Astir elevator. 

b. óZô swivel joint.  This has the axis of the ball shaft and socket shafts approximately inline.  Eg this is 

the configuration used for Astir ailerons and airbrakes. 

c. ñWò swivel joint.  There are no known applications of this in sailplanes in Australia. 

There are 2 types of socket lock mechanism: 

a. Type 41 with a sliding wedge lock mechanism.  This is the most common type found in sailplanes 

in Australia. 

b. Type 45 with a rotating cam lock mechanism.  There is a small number of these in sailplanes in 

Australia. 
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Figure  15-2  Types of LôHotellier Connectors  

CAUTION 

GAUS AD178 10/06/1980 identified that some sailplanes in Australia had erroneously had óZô inline swivel 

sockets installed in 90-degree joints.  In this case the coupling is subjected to more rapid wear due to the 

reduced bearing surface at the open end of the socket which can lead to a wear pattern that grips the 

ball, restricts flexibility and could cause failure of the ball shank.  Immediate inspection and, if necessary, 

replacement was required. 

LôHotellier ball variants are available with a spigot on top of the ball which require a special socket with a 

slot.  These are only used in the óStandardô (90 degree) configuration.  Eg connecting the elevator of an 

Astir.  Do not use these anywhere other than specifically where the sailplane manufacturer has designed 

for them to be used. 

LôHotellier sockets are available with several types of shaft: 

a. Type K or M:   Fixed length, for tube ï These are attached to control rods directly with rivets, glue 

or both. 

b. Type N:  Adjustable length, for threaded rod - not known to be used in sailplanes 

c. Type RK or RM:  Adjustable length (with lock nut), for tube ï These are attached to control rods 

directly with rivets, glue or both. 
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Figure  15-3  Various LôHotellier Fittings  

15.3 {!C9¢¸ Lb/L59b¢{ Lb±h[±LbD [ΩIh¢9[[L9w /hbb9/¢hw{ 

Since 1980 there has been a steady run of incidents and accidents, including fatalities, caused by 

unintended disconnection of LôHotellier coupling.  The couplings have been found to disconnect for the 

following reasons: 

a. Incorrect assembly during rigging.  Either not connected at all or only partly engaged resulting in 

separation of the control linkage whilst in flight. 

b. Disconnection in flight of controls which have been correctly connected.  In most cases this has 

been due to weak latch springs.  The use of an approved form of safety locking device, such as a 

safety pin, is now mandatory to prevent this.  

c. Fracture of the ball coupling at the top of the threaded section at the neck immediately under the 

ball. 

The frequency of incidents and adverse outcomes has lowered over time because of better knowledge 

and improved maintenance procedures with these connectors. 

15.4 SAFETY LOCKING 

It is mandatory that all LôHotellier couplings in sailplanes on the Australia register must have a means of 

safety locking the wedge or cam.  The manufacturers approved safety locking methods will normally be 

shown in the Flight/Maintenance Manual or manufacturerôs Technical Note or an EASA Airworthiness 

Directive. 
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15.4.1 SAFETY LOCKING PINS 

In the absence of a sailplane manufacturerôs specified safety method for the LôHotellier couplings, the 

GAus approved safety locking method is to use safety pins or safety wire through a small hole in the 

wedge/cam as shown in Figures 28-4 and 28-5. 

It is recommended that each safety pin be tied to part of the fitting by thin nylon cord or similar to avoid 

loss. 

 

Figure  15-4  Safety Pin Hole Locations  

 

Figure  15-5  Types of Safety Pin  

There are other safety locking methods, suitable for wedge locks (Type 41 connectors), fitted by some 

manufacturers and / or approved by some sailplane manufacturers for retrofit.  

Whilst it may be possible to retrofit the above safety locking mechanisms, they are significantly bulkier 

than safety pins/wires.  Therefore, unless approved by the sailplane manufacturer, each locking method 

must be specifically approved by GAus for use in a particular aircraft type. 

Should a sailplane equipped with LôHotellier connections be found not to have one of the above methods 

of safety locking or an alternative method approved by GAus for the specific sailplane, then the sailplane 

is deemed unairworthy and is to be grounded immediately.  This is a Major Defect which shall be entered 

into the Maintenance Release and requires rectification before further flight. 

15.4.2 SCHEMPP-HIRTH SAFETY SPRINGS 

These springs are fixed to the socket body using an existing hole.  One end of the spring aligns with and 

is inserted into the safety hole in the wedge when it is locked.  Left and right hand versions are available. 

CAUTION 

The Schempp-Hirth safety springs rely on positive spring force to keep the end of the spring in the wedge 

safety hole.  If the spring is overextended to unlock the connector, it can permanently bend the spring 

such that it wants to remain open.  In these circumstances vibration and movement could cause the 

spring to open in flight. 
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Figure  15-6  Schempp -Hirth Safety Locking Spring  

15.4.3 UERLING TYPE SLEEVES 

These óadd-onô sleeves are designed to stop the ball being removed from the socket by physically 

obstructing any disconnect motion.  They are only suitable for Type 41 inline (Z-swivel) connectors. 

For installation, the sleeves must be slid axially onto the LôHotellier socket shaft - they must not be 

installed by clipping radially onto the socket shaft.  Radial clipping requires excessive opening of the 

sleeve and may lead to cracks and ruptures due to over stressing such that the sleeve cannot function 

properly anymore. 

Early Uerling sleeves, as fitted to LS3 sailplanes, were a red colour, flimsy and required replacement 

every two years.  It was mandated by LS (ref TM3049) that these be replaced with thicker, white colour, 

sleeves.  There should be no red Uerling Type sleeves currently in use in Australian sailplanes. 

More modern LS óUerling typeô sleeves are made from white nylon / plastic and are much more solid than 

the red ones, see Figure 28-8.  These do not have to be replaced after fixed life period but must be 

inspected annually for deterioration and functionality. 

In some old Grob documentation there is reference to óSecuring Sockets S26ô which it is believed were an 

Uerling type sleeve.  However, these are not now available for purchase from Linder. 
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Figure  15-7  Uerling Type Safety Sleeves in Operation  

 

Figure  15-8  LS White óUerling Typeô Sleeve 

15.4.4 WEDEKIND SAFETY SLEEVES 

Wedekind safety sleeves are permanently fitted onto Type 41 inline (Z-swivel) socket shafts.  They are 

sprung loaded and function by preventing the wedge from moving out from the locked position. 

The ball must be fully inserted into the housing to allow the plunger and wedge to function correctly and 

lock the ball in position.  The securing sleeve must then cover the wedge lock plate for a minimum of 

3mm (ref Grob TM306-32).  
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Figure  15-9  Wedekind Safety Sleeve Cross -Section  

 

Figure  15-10  Wedekind Safety Sleeves Shown In Retracted And Wedge Secured 

States  

15.4.5 LS SAFETY SLEEVES 

These sleeves are permanently fixed on the ball side of the coupler.  They are sprung loaded but needed 

to be screw-twisted over the joint to prevent the ball from leaving the socket.  They are only suitable for 

Type 41 inline (Z-swivel) connections.  Eg as used on the LS4. 

 

Figure  15-11  Control Rod With Lôhotellier Ball and LS Safety Sleeve 
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Figure  15-12  Diagrams of LS Safety Sleeve Operation  

CAUTION 

The twist motion to secure is anticlockwise when looking at the end of the rod with the ball.  Therefore, 

when checking a sailplane, the left-wing connector may appear to twist in the opposite direction to the 

right-wing connector. 

 

Figure  15-13  Aileron Connectors Direction of Twist of LS Safety Sleeves (Viewed 

Looking Aft)  

15.5 INSPECTIONS AND PERIODIC MAINTENANCE REQUIREMENTS 

The mandatory inspections and mandatory periodic maintenance are specified in MOSP 3 Section 13.4. 

15.6 DAILY INSPECTION 

Daily inspection and the connection / disconnection of LôHotellier couplings, fitting safety pins and 

lubrication of the coupling must be performed by qualified Daily Inspectors who are familiar with the type 

of LôHotellier, and safety method fitted.   



Basic Sailplane Engineering, AIRW-M005 

 

Version 25.1  Date of Issue: 01/06/26 Page 137 of 415 

 Uncontrolled if Printed 

In most sailplanes it is difficult to see the LôHotellier connectors in their normal locations as they are often 

hidden from view behind spars.  Touch / feel is often the sense used to make the connection and 

establish it is locked together and the safety mechanism has been applied.  Torches, mirrors, smartphone 

cameras and endoscopes may be useful tools to assist visual inspection.  Inspectors should thoroughly 

familiarise themselves with how the connectors look and feel whilst the sailplane is derigged. 

The actions to be taken during the Daily Inspection of the LôHotellier connectors are: 

Action A:  Check Maintenance Release for Periodic Maintenance Requirements.  Part 1 of the 

sailplaneôs Maintenance Release (MR) must be checked for the periodic maintenance requirements 

applicable by Total Time In Service (TTIS) or date.  Any required maintenance due by virtue of the stated 

TTIS or date must be completed prior to the next flight. 

Action B:  Ball and Socket Installation Integrity .  Inspect and check for defects such as looseness of 

balls, loose locking nuts, broken tab washers, worn threads etc.  Any of these defects will allow the 

LôHotellier connectors to wind out or loosen.  Any looseness can cause bending failure and cracking of 

the shank at the underside of the flange.  This sort of defect is significant and must be treated as a Major 

Defect and the sailplane not flown until evaluated and rectified by an Annual Inspector.  

Action C:  Ball Correctly Engaged in Socket .  The correct and incorrect assembly of the couplings 

must be pointed out by Daily Inspector Examiners and understood by Daily Inspectors.  This is shown in 

Figure 28-14. 

 

Figure  15-14  Correctly and Incorrectly Assembled Couplings  

Daily Inspectors must be aware that it is possible to connect these couplings incorrectly. The ball may not 

be fully seated as shown in Figure 28-15.  

Method:  The inspector should physically try to pull the ball from the socket to ensure it is fully inserted 

and held by the plunger. 

 

Figure  15-15  Incorrectly Assembled Coupling  

Action D:  Safety Locking. The presence and effectiveness of the safety locking must be checked at 

each Daily Inspection.  

Method:  Visually or by touch, establish that the safety locking is present and has been correctly applied. 

Where possible, the cam/slide should be pushed to ensure it is impossible to move the cam/slide enough 

to open the coupling. 
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Action E:  Positive Control Check.  Positive control checks should be carried out every time a sailplane 

is subject to a Daily Inspection.  It is also essential for positive control checks to be carried out every time 

a sailplane is rigged (assembled for flight).  This is advised even if there is automatic control connection.  

Method: Taking care not to apply excessive force, each control surface should be restrained while an 

attempt is made to move the control, and the direction of motion checked. It only takes a couple of 

minutes for a helper to advise the Daily Inspector whether movement of the cockpit controls generates 

the correct responses at the control surface.  A positive control check can reveal connections that have 

only partially been engaged.  

15.7 PERIODIC LUBRICATION 

The lubrication intervals are specified in MOSP 3 Section 13.4. 

The locking wedge should be cleaned but not lubricated. 

Where periodic lubrication is impractical due the aircraftôs construction, alternative arrangements may be 

approved by the CTO/A on written application by the Registered Operator. 

Lubrication may be undertaken and signed-off in Part 1 of the Maintenance Release by a Daily Inspector.  

Because the control linkage has been disconnected to enable the lubrication, a duplicate inspection and 

signature by another Daily Inspector is required regarding the reconnection, 

On completion of lubrication, it shall be recorded and signed off in the Maintenance Release and the next 

due date / TTIS for lubrication shall be calculated entered in the Maintenance Release by the inspector 

actioning the lubrication.  

A high-quality grease may be used for flight in non-freezing conditions. Flight in sub-zero temperatures 

(e.g. high altitude wave flying) requires the use of low temperature aviation greases such as Aeroshell 7 

or Mobilgrease 28. 

15.8 ANNUAL INSPECTION AND PERIODIC MAINTENANCE 

LôHotellier couplers may be subjected to ball wear and ball stem/thread fracture due to incorrect 

adjustments elsewhere in the control linkages.  Annual Inspectors must check for: 

Å Excessive pilot effort to lock / unlock airbrake systems. 

Å Proper out-travel stops close to the pilot in the airbrake systems to prevent ball stems bending and 

cracking when the airbrake is fully functioned during pre-flight cockpit checks. 

Å Free play within manufacturerôs limits 

Annual inspection and periodic maintenance (other than lubrication) of LôHotellier connectors may only be 

performed by qualified and current Annual Inspectors.  In addition to the daily inspection checks (Actions 

A-E above) and periodic lubrication requirements, the following actions are required: 

15.8.1 SAFETY LOCKING CHECK 

Check there are safety locking mechanisms present and functional for all LôHotellier connections fitted on 

the sailplane.  If the sailplane manufacturerôs operating manual does not describe a LôHotellier safety 

locking mechanism, then the safety pin method described in this chapter must be applied or else an 

alternative method fitted as approved by GAus for the specific sailplane under inspection. 
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15.8.2 BALL WEAR 

All balls must be checked for wear, as per 
Figure 28-16, at 500-hour intervals and during 
Annual Inspections, whichever comes first.  
The maximum out-of-round dimension A minus 
B or B minus A is 0.1 mm 

Also check the ball thread (no damage is 
acceptable) and the base of the ball for cracks. 

 

 

Figure  15-16  Ball 
Wear 

Measurements  

The fit of the ball in the fitting can be checked by unbolting the ball from the control system and installing 

it in the coupling and attempting to rotate it.  Any variation in the torque needed to rotate the ball is an 

indication of wear and ball replacement should be considered. 

The collar of the ball must be perfectly set on its base.  See Figure 15-17 below. 

 

Figure  15-17  LôHotellier Ball Collar Installation Requirement 

15.8.3 COUPLING CLEARANCE AND WEAR 

At each Annual Inspection, the projection of the Type 41 wedge locking plate must be checked as per 

Figure 28-18.  This measurement is an indication of the combined wear of the ball and socket.  If 

replacing the ball does not bring the extension back into tolerance, then the socket is excessively worn 

and must be replaced. 
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Figure  15-18  Locking Plate Extension  

Some sailplane types were originally fitted with aluminium alloy socket fittings.  These must be checked at 

each Annual Inspection for socket wear and when replaced, replacement is to be with a steel alloy 

assembly. 

15.8.4 LATCH SPRING CHECK (TYPE 41) 

At each Annual Inspection, clean the coupling and measure the force required to initially move the sliding 

latch (pre-load) and the maximum force just before the latch reaches its natural stop. 

The pre-load should be approximately 600g and the force when the latch is fully out is approximately 

1000g.  Significant variance to these figures indicates a weak spring which may not secure the coupling 

and thus replacement of the socket unit is required. 

Note:  Faulty latches have been found with zero pre-load and a maximum load of 300g. 

15.9 1000 / 3000 HRS TTIS PERIODIC MAINTENANCE 

The replacement intervals are specified in MOSP 3 Section 13.4. 

Balls and sockets removed due to time in service or not to specification, must be deliberately made 

unusable and disposed of to prevent accidental further use. 

Replacement of balls and/or sockets shall be recorded in the sailplaneôs logbook including: 

Å Details of the part number, description, supplier source and any manufacturer batch information 

provided 

Å The next due TTIS or date of required maintenance or replacement. 

Å The date of replacement, the signature and GAus number of the Annual Inspector approving the 

work. 

15.10 ANNUAL INSPECTION DOCUMENTATION 

15.10.1 LOGBOOK ENTRY 

The sailplaneôs logbook entry for the Annual Inspection is to record that the inspection requirements of 

this chapter have been completed and any remedial action taken.  The entry must also detail the future 

periodic maintenance requirements as follows: 

Å The next 50-hour lubrication is required by Total Time in Service (TTIS). 

Å The TTIS by which a 500-hour wear inspection must be completed. 

Å The TTIS by which LôHotellier balls must be replaced.  Note there may be more than one such entry if 

more than one size of ball is installed and/or similar size balls are installed in different control circuits 

and have been changed at different times. 

A record of ball measurements and latch spring tensions should be added to the sailplaneôs support 

documentation. 

15.10.2 MAINTENANCE RELEASE DOCUMENTATION 

The Reoccurring Maintenance Items page of the Maintenance Release of a sailplane equipped with 

LôHotellier couplings must be endorsed with the periodic maintenance requirements identified at the 

Annual Inspection documentation as detailed above. 
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Figure  15-19  Example of Entries in Maintenance Release Part 1  

Since these actions may be completed before the stated due date / TTIS, the subsequent check / action 

date / TTIS is best not written into the MR in advance.  When the action is completed, the inspector 

should enter when the next periodic maintenance action is due. 

15.11 MAINTENANCE ACTIONS 

15.11.1 TYPE 41 SOCKETS (WITH WEDGE LOCK) SAFETY HOLE 

Type 41 sockets were originally manufactured with a 1.0 mm Å ówitnessô hole that visually confirmed the 

coupler was locked.  LôHotellier later changed this to a 1.2 mm Å hole for inserting a safety pin.  Sockets 

with witness holes of only 1.0 mm Å may be redrilled to 1.2 mm Å.  

15.11.2 TYPE 45 SOCKETS (WITH CAM LOCK) SAFETY HOLE 

All cam style LôHotellier sockets are to have a hole for a safety pin. Safety pins must be inserted before 

flight.  Early manufactured cam style couplings did not have a safety hole, but GAus AD177 Issue 5 dated 

12 May 1998 required that all such couplings be inspected and modified by 31 July 1998. 

If a cam style coupling is found without a safety hole, it is to be modified by drilling a hole as shown in 

Figure 28-20 using the following procedures: 

a. Remove the connector from the aircraft. 

b. Fit a coupling ball so that the coupling is in the connected state. 

c. Drill a 1.3 mm diameter hole as show in the Figure below.  Clean the coupling and ensure no swarf 

remains. 

d. Reinstall the couplings.  Ensure that any locknuts are tight. 

e. Check the control surface deflections and freeplay of all control circuits which have been disturbed. 
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Figure  15-20  Drilling Safety Pin  Hole in a Type 45 Cam Locking Socket  

Once the holes have been drilled, safety pins or lock wire must be fitted.  When fitting the pins for the first 

time, clearance around the fitting must be checked as some designs do not permit the installation of the 

safety pins due to fouling with the adjacent structure and in these instances locking wire must be used. 

Each safety pin installation must be checked for clearance from the surrounding structure and control 

systems through the full travel of each control system. 

15.11.3 INSTALLATION OF BALLS WITH REDESIGNED THREADS 

GAus AD177 Issue 6 identified that LôHotellier had redesigned some of the balls to remove the undercut 

thread and introduce a small length of shank.  Figure 28-21 shows the original and the replacement 

designs. 

The part number designation of the balls with redesigned threads is believed to be 961S-150-150. 

 

Figure  15-21  LôHotellier Ball Redesigned Thread  

Because of the redesigned thread, the mounting brackets must be modified to accept the new thread. 

Where the ball is mounted at 90° as shown in Figure 22 below and there is a nut on the ball, then the 

plate may be drilled out to accept the 961S ball. 

 

Figure  15-22  Modified Mounting for 961S -150-150.L3 Ball  

The ball may be installed in push rod end fittings by installing 2.5 mm of washers under the ball flange. 

Because this changes the geometry of the control system the control deflections or airbrake locking 

forces must be checked and adjusted to bring them back into tolerance. 
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The installation of 961S-150-150.L3 balls in any other designs requires formal design approval from 

GAus. 
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15.13 HISTORY OF AIRWORTHINESS FOR [ΩIh¢9[[L9w /hbb9/¢Lhb{ 

15.13.1 GAUS AIRWORTHINESS DIRECTIVES 

AD177 Issue 2, 24/5/1983.  Combined all known inspection, replacement and maintenance actions 

required to ensure safe operations of LôHotellier couplings. 

AD177 Issue 3, 18/4/1990.  Represented the experience generated since 1983 from the application of 

Issue 2 requirements. 

Å Correct lubrication prevents ball wear. Correct installation will help to prevent fracturing of the 

threaded part of the ball. 

Å Excessive pilot effort to lock/unlock airbrake systems is a major contributor to ball wear and ball 

stem/thread fracture. When rigging an airbrake system, the sailplane manufacturer's recommended 

procedure, including freeplay limits, must be followed. 

Å Lack of proper out-travel stops close to the pilot in airbrake systems can cause ball stems to bend 

and crack when the airbrake is fully functioned during pre-flight cockpit checks. 

Å Balls with threaded shanks larger than 6mm diameter need not be replaced at intervals less than 

3000 hours, as recommended by the LôHotellier coupling manufacturer. 

AD177 Issue 4, 30/10/1991.  Added an additional check on the condition of the springs. 

AD177 Issue 5, 12/5/1998.  Required Type 45 couplings with a locking cam to have safety pins installed 

and the maintenance requirements updated to reflect the latest information from LôHotellier. 

AD177 Issue 6, 25/1/2001.  Changes the requirements for lubrication of the couplings. 

AD177 Issue 7, 9/5/2001.  Corrects an erroneous part number for replacement LôHotellier coupling balls.  

Superseded by chapter in BSE. 

AD178 Issue 1, 10/6/1980.  Check for and remedy incorrect type of LôHotellier socket fitted (inline socket 

incorrectly used for 90-degree joint). 

15.13.2 OTHER REFERENCES 

Glasser-Dirks Technical note No. 826/24. 

LBA ADs 1993-001/3 and 1994-001/2 

Grob Service Bulletin TM306-32 & TM315-57 regarding use of Wedekind sleeves and Securing Socket 

S26 in G102 and G103 sailplanes 

LôHotellier Maintenance Instructions 10.01 dated 03/94. 
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16 TOW RELEASE MAINTENANCE 

16.1 INTRODUCTION 

This chapter specifies the GAus Standard System of Maintenance for tow releases in sailplanes and 

towplanes.  MOSP 3 Sections 13.3 and 23, and this section of BSE replaces previous ADs 277 and 293.  

It takes precedent over release manufacturerôs manuals.  It does not take precedence over the aircraft 

Maintenance Manual or all other applicable ADs ï these cover the specific installation which may require 

differences.  However, the servicing and overhaul of the releases must be done according to this 

procedure for Australian sailplanes and towplanes. 

Sections 16.1 to 16.6 are background about releases and maintenance procedures.  Sections 16.7 

onwards are the test procedures previously specified in AD 277 and AD 293.  But note there are slight 

differences. 

Significant changes in this version of BSE from the ADs and previous BSE: 

a. Common testing regime for Tost and Tost-like releases. GAus has decided to use the same testing 

regime for all releases. Because Tost is the most common and best developed, we have decided to 

use Tost documentation and added consideration for the dusty Australian conditions.  

b. Mandatory requirement to change Tost main springs in releases is now defined in MOSP 3 Section 

13.3. 

c. Revised acceptable value criteria for Tests 2 and 3.  We have changed to the current Tost manual 

specifications and made them more logical. 

d. Revised Test 4, now tests the back-release operates within a specified angle range when under a 

given tow load.  Previously in AD277 it measured the force of the load required to activate the 

back-release at a given angle ï this was not what Tost intended. 

e. New Test 5 for towplanes to meet the requirements of CAO 100.5. 

f. GAus has confirmed Tost specification values and changed to these. There were slight variations 

which new Tost components may not have met. 

This chapter does not apply to the following release types: 

Å Blanik :  Blanik sailplanes usually have Blanik branded releases which are to be maintained 

according to the manufacturerôs documentation. See GAus AD 015 which still applies. 

Å Schweizer :  Schweizer sailplanes usually have Schweizer branded releases which are to be 

maintained according to the manufacturerôs documentation. 

Other types of releases not able to comply with the procedures described in this chapter must request 

approval from the GAus EMA for their use and their maintenance regime. 
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16.1.1 TERMINOLOGY 

This chapter uses the following terms extensively:  

Actuation force The force, when applied directly to the release lever arm 
attachment point, that is required to activate the release. 

Pilot actuation force The force that the pilot exerts in the cockpit to activate the 
release.  It includes any force required to overcome friction in 
the release control circuit. 

Tow load or force The force exerted on the beak of the tow release by the tow 
or test ring. 

Spring restoring 
force 

The restoring force exerted by the main spring that 
endeavours to create and maintain the release over-centre 
lock, as measured at the end of, and at 90 degrees to, the 
actuating arm (corrected for the standard 68mm arm length if 
necessary). 

Units A multitude of units are used. BSE uses kgf (kg force ie the 
force exerted by 1 kg mass subject to gravity). 

Tost and CAO 100.5 use daN where 1 daN = 10N. 

Force (N) = Mass (kg) x acceleration of gravity (9.8 m/s2) 
Thus 1 daN = 10 N = 1.02 kgf but it is usually acceptable to 
use 10 N = 1 kgf for simplicity. 

± A range of values is specified X±Y. this means any value 
from and including X-Y to X+Y. eg, 7.5±1.5 is 6.0 to 9.0 or 
+83o±7o is 76 to 90o.  Y is the tolerance. 

 

Table 16-1  Release Terminology  

16.1.2 WHO MAY INSPECT, MAINTAIN AND TEST TOW RELEASE MECHANISMS 

Daily Inspectors must inspect releases installed in aircraft prior to the first flight of the day. 

Testing and servicing of tow releases and associated control circuits shall only be conducted by, or under 

the direct supervision of, persons with a GAus Annual Inspector maintenance authorisation. 

The GAus has approval from the manufacturer to carry out maintenance on Tost releases, as long as 

their supplied parts are used, thus meeting their requirements without having to send the releases to 

Germany.  

GAus Annual Inspectors are authorised by CASA to overhaul towplane releases.  CAAP 42ZC Schedule 

8 enables qualified pilots to undertake specified maintenance which includes ñRemoval and replacement 

of sailplane tow hooksò.  However any maintenance of the release mounting or release control circuit 

must be undertaken by a certified LAME.  Note that the maintenance and operation of tow releases must 

be in accordance with CAO 100.5 Appendix 1 Clause 12 as most towplanes do not have an exemption to 

CAO 100.5.  By following the maintenance schedule in MOSP 3 and the tests described in this manual, 

CAO 100.5 will be complied with.  (Only GAus registered sailplanes currently have an exemption in total 

to CAO 100.5).  

16.1.3 PURPOSE OF THE TOW RELEASE SYSTEM 

The tow release system attaches the sailplane to a launching force that may be aero-tow, winch or auto-

tow. It transmits the launch force from the tow cable to the airframe. It enables the pilot to release the tow 

rope/cable at his command. 
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The tow release system comprises the tow cable ring assembly, the tow release and the release control 

circuit.  To reliably operate, all components of the release system need to be of sound design, properly 

cleaned, maintained in serviceable condition, inspected regularly and tested. 

Releases designed specifically for winch launching (some time referred to as centre of gravity or C of G 

releases) include an automatic back-release function to ensure the sailplane does not inadvertently 

progress beyond the normal top of climb with the cable attached. 

16.1.4 MANUFACTURERS OF RELEASES 

By far the most common tow release device used on sailplanes in Australia is the Tost release, of which 

there are several models.  

 

 

Tost E85 aero tow release assembly Tost Winch launch release assembly with 
back-release. 

Figure 16-1  Tost  Releases  

The 2nd most common release is the Ottfur OM100 series, which was original equipment in many older 

British sailplanes.  The Ottfur was originally manufactured by Vickers in the UK and then from 1990 until 

2005 by Cair Aviation also in the UK.  The mechanisms are very similar to Tost. 

 

 

 

Ottfur OM100 Type D Ottfur OM100 Type E 

Figure 16-2  Ottfur Releases  

Other makes of release sometimes found on older sailplane types are: 

a. Blanik - Blanik sailplanes were manufactured with a Blanik specific release. 
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b. Davies - Small numbers possibly still in use.  Similar to Tost. 

c. Bennet - Small numbers possibly still in use.  Similar to Tost. 

d. Schweizer - These releases use a very different method of capturing the tow ring, locking and 

triggering release compared with Tost like releases.  

 
 

Schweizer release on a sailplane Schweizer release on a towplane 

Figure 16-3  Schweizer Releases  

Fitting a release of a different type to that specified by the sailplaneôs manufacturer is considered a 

modification and approval must be obtained from the GAus EMA who can arrange an Engineering Order. 

16.1.5 AIRCRAFT FITTED WITH TWO RELEASES 

Many sailplanes are fitted with both nose and belly releases.  As they are connected by a common control 

circuit, a malfunction in one may affect the operation of the other. 

At annual and periodic inspections, if both releases are connected in the circuit, then both releases must 

be serviced/overhauled, even if one has not been used for launching since last overhaul.  This is because 

the unused release is still considered as in service and its performance may be degraded by dirt, use and 

operation of the release control circuit will actuate the release and fatigue the spring. 

In some cases, it may be decided to remove a release that is not being used and alter the control circuit 

accordingly. In which case AIRW-15 óSchedule of Permissible Unserviceabilitiesô must be complied with. 

16.1.6 RING PAIRS USED WITH TOST RELEASES 

Certification of the TOST release products requires they are used with ring pairs manufactured and 

supplied in accordance with LN 65091 to connect with a tow rope.  According to LN 65091 (version 2005), 

the circular link (the small ring) has a cross-section diameter specification, of 7.0 mm with a tolerance of 

+0.0 mm and -0.3 mm.  See diagram below, which also has additional characteristic requirements.   

Once in service, ring pairs are subject to continual abrasion wear, the rate of which depends on the 

frequency of use, the distance they are dragged across the ground and the surface material they are 

dragged across.  This wear results in a gradual reduction of the cross-section of the rings.  TOST does 

not provide a different dimension of minimum cross-section for the small ring to remain in service and 

refers any enquiry on this matter to the original manufacturing specification for release to service.  At 

best, this only provides 0.3mm of small ring diameter wear which is likely to occur in a relatively small 

number of launches.  
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Figure 16-4  TOST Release Ring Pair Characteristics   

16.2 RELEASE PRINCIPLES: OVER-CENTRE & CAGED 

It is important to understand the two main design principles that make these releases function: over-

centre and caged. 

16.2.1 OVER-CENTRE 

The hook locking action and unlocking action is described and shown in diagrams below: 

Locked  

In the locked position, (C) 
has gone "over-centre", ie it 
has "crossed over" the 
straight line between A and 
B. 

In this configuration, the 
cable can be pulled as hard 
as is desired and the 
mechanism will not "unlock" 
because the cable load locks 
the mechanism harder 
against the stop. 

The location of the stop 
determines the "degree of 
over-centre". This is 
adjustable using a screw in 
some releases. 
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Open 

To open the release, the pilot 
rotates the mechanism from 
the "over-centre" position, 
through "centre", to "open".  

Once past "centre" the tow 
cable load will continue the 
opening action assisting the 
pilot. 

 

 

Figure 16-5  Release Over -Cent re Locking  

The mechanism is pushed into an over-centre locked state initially by the release mechanismôs main 

spring.  Then when subjected to a tow load on the beak, a resulting force further acts to maintain the 

over-centre position. 

The pilot actuation force (as required by the pilot in the cockpit) to unlock the mechanism is thus 

proportional to the tow cable/towrope load and the amount of ñover-centreò, plus the main-spring tension 

and friction in the release control circuit. 

It is important to understand how the position of the stop affects the pilot actuation force required: 

a. Too much over-centre:  This will result in a high pilot actuation force being required to achieve 

release, especially at high tow cable loads.  The pilot actuation force must be reasonable and such 

that a low strength pilot can operate the release up to the maximum tow cable load (as determined 

by the weak link used).  

b. Too little over-centre:  This can result in a "hair trigger" release which requires little pilot actuation 

force and can make the release sensitive to dirt and main spring tension.  This has resulted in 

numerous uncommanded releases whilst under tow. 

c. Correct over-centre:  This creates a reasonable level of pilot actuation force even with a maximum 

tow cable load. 

16.2.2 CAGED 

The purpose of the cage is to ensure the force on the beak during a tow is always longitudinal to the 

sailplane. Ie no sideways pull is experienced by the beak. 

Some older sailplanes are not fitted with a cage built into the release but rely instead on two angle pieces 

located on the skin of the sailplane to act as a cage. These can become worn down because of wheel up 

landings. The angle pieces must be installed to the dimension shown in the manufacturerôs 

documentation and parallel to each other for proper release function. 

In most releases designed for aero-tow, slots in the side plates of the mechanism body form jaws on 

either side of the beak to position the ring in the correct position for the beak to hook over. 

With an automatic back-release as used for winch launching, the jaws are usually part of the moving 

cage. As the sailplane is towed aloft, the angle of the rope relative to the fuselage longitudinal axis 

increases, causing the cage and jaws to rotate. At a designed angle and minimum load, unless a 

commanded release has already occurred, the ring is effectively swept off the beak by the moving jaws 

and the ring is released. 
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Figure 16-6  Release Components (belly release with automatic back -release)  

16.3 RELEASE CONTROL CIRCUIT 

The release control circuit consist of cables, Bowden cables (ie cables in tubes/sleeves) and sometimes 

rods, pulleys or U-tubes to transfer the pulling force of the pilot to the release lever. Some sailplane 

manufacturers vary the release operating lever length to change the operating force.  Or include pulley 

returns etc.  The problem is the extra friction and lever arm that may prevent the release closing properly. 

In some instances the sailplane manufacturer may have included in the control circuit an additional spring 

to ensure the mechanism always returns from the release state to locked state properly. 

The release control circuit must allow full travel of the release mechanism.  In the closed position, the 

release must lock (over-centre) and in the open position the hook beak must fully retract into the casing.  

The release circuit must therefore have some ódead movementô to ensure it does not hold open the 

release. 

The release control circuit must not introduce too much friction.  Excessive friction can stop a release 

closing properly or cause it to be inoperable under high tow load.  The level of friction can change whilst 

in service due to loss of lubrication or dirt ingress, and therefore regular maintenance checks are 

necessary. 

16.3.1 COMMON RELEASE CONTROL CIRCUIT ISSUES 

Faults in the release control circuit can cause the release not to fully lock. The most common issues are: 

a. Control cable too short preventing the release mechanism from going fully over-centre and locking. 

b. Bad guidance of control cables (particularly Bowden cables) causing excessive friction that the 

main spring cannot overcome and thus the release fails to close and lock.  

c. Too little return (pull-back) force due to worn out or broken release main spring.  Perhaps even the 

wrong spring. 

d. Binding in the control mechanism, eg. a bolt being used as a pivot point has been over-tightened 

causing a clamping action on a component that should swivel or a cable has come off a pulley. 
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Example issue (Ref Airworthiness Alert 2015-2) 

Multiple uncommanded releases experienced 
on a nose hook installation fitted to a new ASK 
21 Mi sailplane. 

It was found that the bolt with Nyloc nut 
attaching the pulley system to the Tost lever 
(shown in photo) was too tight causing binding 
just prior to the release fully closed position. 

 

Figure 16-7  Example of a Release Issue  

A few other examples of other issues that have occurred: 

a. A jammed open belly release, full of dirt, allowed a shackle on the slack operating cable to swing 

over and the thimble to catch.  This in turn limited the operating movement on the nose release 

preventing it from opening fully. 

b. A yellow release knob on a cable that was too long became jammed in the control column in the 

rear cockpit seriously reducing aileron movement. 

 

Example issue (Ref AWA 2007-2) 

Duo Discus release control cable damaged 
at exit of Tee-handle. 

The failure was not easy to detect as the 
broken wires were effectively shielded from 
easy view by the protruding steel swage at 
the base of the release handle. 

Figure 16-8  Example of Release Knob Issue  

16.3.2 INSPECTION AND MAINTENANCE OF RELEASE CONTROL CIRCUIT 

During Annual Inspection and following any maintenance of the control circuit: 

a. Inspect cables for corrosion, wear and fatigue. 

b. Check pulleys for signs of jamming, bearing condition and correct caging. 

c. Clean and lubricate cables, rods and levers at their connecting points and pivots. 

d. Check the entire circuit is reasonably free of friction. Check for misalignment of pulleys, displaced 

fairleads and rods or levers fouling on other structures. 

e. Adjust the release control circuit to allow full travel of the release mechanism. Cables must have at 

least 10mm of freeplay when the release is locked. 

f. Check the pull knob or handle is securely attached to the control cable and is clearly yellow in 

colour. 

g. Where two releases are fitted and operational, make sure they both lock properly and that both 

hooks retract fully. 
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When replacing cables, make sure that cable joining sleeves, turnbuckles and shackles do not foul or 

cause other problems. 

Some operating circuits are quite complex.  A sailplane fitted with two releases and having two controls 

(one for each seat) will need careful checking and adjustment and should be tested in all operating 

positions. 

16.4 TOW RELEASE CLEANING, SERVICING AND OVERHAUL 

16.4.1 REGULAR CLEANING WHILST INSTALLED 

During operation, the release is often exposed to dirt, especially if operating from gravel runways and 

during out-landings.  Because Australia is dry and dusty compared to European grass runways, it is 

necessary to clean and check our releases more frequently than European manufacturers specify. 

The best method of cleaning the release whilst fitted in the aircraft is with compressed air and a brush, 

while operating both the hook and the back-release mechanism. 

Be very certain that a sluggish back-release action is actually dirt and not due to a deteriorating return 

spring or other mechanical binding. This is a very common mistake. 

Excessive lubrication may create a build-up of dirt which may cause excessive friction or prevent full 

travel of components.  Dust may combine with the lubricant to form a grinding paste which makes wear 

more rapid. 

It may be necessary to use suitable solvents if there is an accumulation of oily dirt and then relubricate 

sparingly.  Tost recommend WD-40. 

16.4.2 ANNUAL SERVICE  

Servicing of tow releases consists of cleaning, inspection, lubrication and testing. It can often be 

accomplished without having to remove the release from the aircraft and does not always require 

stripping the assembly.  

If an AD requires maintenance action or faults/suspicions arise from the service, then the release will 

need to be removed from the aircraft and overhauled as detailed in the next section. 

At each Annual Inspection, or every 250-Hour Inspection for high use sailplanes, if more than 200 

launches have been completed since the last service, then the following servicing must be completed: 

a. Check the GAus, sailplane manufacturersô and release manufacturersô or National Aviation 

Authority websites for any ADs relating to the type of release being serviced ï they are mandatory.  

There may also be Service Bulletins that give useful advice. 

b. Clean the release as described above.  Consider removing the release from the airframe and 

disassembly to allow deep cleaning which may prolong life.  If friction continues to inhibit operation, 

then disassembly is required. 

c. Operate the release to feel if the main spring is broken or feels weak. In most cases the main 

spring has to return the control circuit as well as lock the release and therefore is a relatively firm 

spring.  Release spring performance is affected by breakage, wear, loss of tension, corrosion and 

dirt contamination.  Perform the tests as detailed later in this chapter. 

d. Inspect the hook beak.  

i. Tow cable rings tend to wear the hook beak and jaws which can become grooved or burred.  

This can make it difficult to operate the release under load, or else the tip can become 

rounded-off causing premature release.  

ii. The profile of the hook beak must be such that as the hook rotates it will enable the towing 

ring to move out of the release.  

iii. On some types of release the original profile can be returned by careful filing or grinding 

providing sufficient material remains.  However, if the hook is case hardened and the 

hardened surface is worn through, the part is no longer serviceable. 
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Figure 16-9  Grooved Beak, Worn Beak Diagram  

 

Figure 16-10  Beak Profile Diagram ï Slot Type Ring Retention  
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Figure 16-11  Beak Profile Diagram ï Casing Type Ring Retention  

e. Check the jaws have not become excessively worn by the ring with repeated use (see picture 

below).  Excessive wear of the jaws can mean the ring is not held in the correct position so the 

beak may not engage the ring fully.  With extreme wear, or use of undersize rings, the ring may slip 

out causing an uncommanded release.  In some cases it may be possible to build up with weld and 

file to the original dimension; but usually a replacement release or new part will need to be 

obtained.  

 

Figure 16-12  Jaw Wear Inspection  

f. Lubricate only the pivots and bearings as excess lubrication will retain dirt.  
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16.4.3 OVERHAUL 

Tost releases require the main spring to be replaced at intervals described later.  When the spring is to be 

replaced, the release must be given an overhaul.  

Non-Tost releases do not require spring replacement at overhaul unless it fails the tests.  However, 2,000 

launches is a recommended interval to replace the spring and give it an overhaul. 

Overhaul involves:  removal from the aircraft, testing, disassembly, cleaning, inspection, repair or 

replacement of worn or faulty components, lubrication, re-assembly, testing and refitting in the aircraft. 

With Tost, these days, it is probably better to obtain a new exchange release from Tost if the beak, jaws 

or cage are excessively worn.  GAus only keep the common replacement parts: springs, because GAus is 

the only approved maintenance organisation.  Tost suppliers in Australia keep exchange releases and 

some parts. 

Procedure: 

a. Some types of release have multiple mounting holes and use different length bolts in specific holes. 

To ensure correct refitting to the aircraft, mark the mounting position before removing the release. 

b. Before dismantling, mark the parts first and/or take photographs to aid reassembly.  On many 

releases the toggle link and bell crank are reversible and as the limit stop usually contacts one of 

these components, a potential problem arises if incorrectly reassembled.  It is often best to remove 

the linkage mechanism from the casing and clean and lubricate the pivots with the hook, toggle link 

and bell crank left attached to each other.  

c. If the release includes a back-release mechanism, it can be removed and cleaned separately. 

d. Wash all components in solvent to clean them.  Check all components, especially pivots and 

bearings not normally visible, for wear.  Excessively worn parts will need to be replaced. 

e. Lubricate the mechanism components lightly before reassembly.  Tost recommend WD-40.  Some 

releases can be tricky to re-assemble and any extra lubrication will quickly get on your hands and 

all over the release making the job even more of a challenge. 

f. After any overhaul activity involving disassembly, the over-centre locking and main spring tension 

must be tested and in accordance with Tests 1 and 2 described later, plus Test 4 if it has a back-

release.  

g. Most GAus approved releases rely on over-centre locking and on some types the amount of over-

centre can change through incorrect assembly.  Examine your pre-dismantling notes and 

photographs and conduct the required tests ï get it right! 

16.4.3.1 REASSEMBLING TOST RELEASES  

Reassembling Tost releases requires a few tools such as spanners, screwdrivers etc plus a vice with soft 

jaws (aluminium pieces between the vice jaws and the release to protect the casing) to securely hold the 

body of the release. A small amount of wire is also useful to make loops to hold the spring ends. 

There are a few different techniques for installing the main spring.  Many inspectors who do a lot of 

inspections make up specialised tools to make the reassembling of the release easy. Australian Gliding 

magazine published details of such specialised tools in September-October 1998.  These are republished 

at Appendix C. 

The following method has been used successfully and has the advantage that no special tools are 

necessary: 

a. Assemble the release up to the main spring and bell crank fitting stage, leaving the hook pivot bolt 

out. 

b. Grip the casing in a vice (be careful not to crush it) so that the hook pivot hole is accessible. 

c. Manoeuvre the mechanism (through the hook pivot hole) so that the bell crank can be lined up with 

its pivot hole - try a dry run without the main spring. 

d. Mount the main spring on the bell crank and slip a loop of lock wire around both ends of the spring. 

Hook a screwdriver under the loop and lever the spring ends up as the bell crank is pushed into the 
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case. 

When installed correctly, actuating the mechanism tightens the main release spring.  It is possible to get it 

wrong, so take care.  The correct orientation is depicted in a diagram earlier in this chapter. 

16.4.4 REPLACEMENT OF THE TOW RELEASE ASSEMBLY 

If a new or reconditioned release is to be fitted to the sailplane, it should be inspected and tested before 

being installed and adjusted if necessary. 

16.4.5 AIRCRAFT NEW TO THE AUSTRALIAN REGISTER 

During the first GAus survey inspection, used release assemblies (ie >200 launches) are to be tested in 

accordance with the maintenance requirement for the type fitted. New releases need not be tested if they 

arrive with a Release Note (RN) from the manufacturer, in which case the RN number is to be recorded in 

the inspection documentation. 

16.5 RELEASE TROUBLESHOOTING GUIDE 

SYMPTOM PROBLEM POSSIBLE CAUSE  REMEDY 

Uncommanded 
release 

Release not 
locking 

Dirt in release Clean release 

  Excessive friction in 
operating circuit  

Inspect and overhaul if 
necessary 

  Operating circuit 
restricting release 
closure 

Check for control cables long 
enough, catching 
sleeves/turnbuckles, seized 
pulleys, etc. Adjust if necessary 

  Main spring weak or 
broken 

Replace main spring 

  Release not set over-
centre 

Overhaul, load test and adjust if 
necessary 

 Ring pulls out 
whilst release is 
locked 

Ring thickness not to 
specification  

Replace with new ring 

  Worn jaws and/or cage Replace release mechanism 

  Hook beak tip worn Repair or replace 

 Back-release (if 
fitted) not holding 

Back-release spring 
weak or broken 

Replace back-release spring 

  Hook beak tip worn File or grind hook beak to correct 
profile or replace hook 

Hang up under 
load 

Under tow load, 
the release did not 
release even 
though knob pull 
to stop 

'False stop' encountered 
because of wear in jaws 
and grooving in hook 
beak preventing beak 
sliding over ring. 

File or grind hook to correct 
profile or replace hook. Build up 
worn areas of jaws and file to 
original shape or replace 
component 

 Pilot unable to 
apply enough 

Release set too far over-
centre 

Conduct over-centre test and 
adjust as necessary 
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force to operate 
release 

  Excessive friction in 
release circuit 

Inspect, repair and lubricate 
circuit 

  Insufficient leverage in 
operating circuit 

Modify system - Consult RMA / 
EMA 

Table 16-2  Release Troubleshooting Guide  

16.6 SPRING REPLACEMENT 

16.6.1 TOST MAIN SPRING REPLACEMENT IN SAILPLANES 

Tost Technical Notice No TM 1-2001, removed the requirement for 4-yearly overhaul and mainspring 

replacement of its releases and instead based the replacement requirement on 10,000 actuations. Refer 

to MOSP 3 Section 13.3 for Tost Spring replacement intervals. 

Contact GAus Office for details of how to obtain replacement springs. 

16.6.2 TOST MAIN SPRING REPLACEMENT IN TOW PLANES 

Tost has not provided a specification for towplanes other than the 10,000 actuations limit.  Refer to MOSP 

3 Section 13.3 for Tost Spring replacement intervals. 

Details of how the main spring life was determined should be recorded on the GAus form ñTowplane 

Release AIR F010ò along with the test results to inform the LAME of the actions you have taken. 

16.6.3 NON-TOST SPRING REPLACEMENT 

For springs other than Tost main springs there is usually no guidance from the release manufacturer as to 

the springôs service life.  MOSP 3 Section 13.3 mandates all springs are replaced every 2,000 launches. 

16.7 TESTING RELEASES 

Prior to this version of BSE, the testing procedures for Tost and Non-Tost releases were different and 

detailed in GAus AD277 and GAus AD293 respectively.  With effect from 2017, the test procedure and 

acceptability criteria have been standardised in BSE, resulting in some subtle differences compared to 

past practices. 

To maintain flight safety, tow releases used for all types of launching procedures must: 

a. Be able to sustain the forces experienced during towing operations. 

b. Not be prone to uncommanded release.  

c. Release when commanded by the pilot, requiring a level of pilot actuation force that is within the 

capability of all pilots likely to fly the aircraft for up to the maximum tow load the sailplane may 

experience. 

To meet these 3 requirements, each release assembly and control circuit must be properly designed, 

installed, maintained and regularly tested. 

It is recognised that many of the "Ottfur", "Davies'' and other releases in-service, have historically had a 

large amount of over-centre in their mechanical function, requiring significant pilot pull force to operate.  

That feature can lead to the pilot having insufficient strength to operate the release under high towrope 

loads.  Compliance with these test procedures and the standards of acceptability will ensure óover-centre' 

travel is reduced and enhance pilot safety under high tow rope loads. 
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16.7.1 BACKGROUND TO TESTING ACTUATION UNDER HIGH TOW FORCES 

For safety reasons, the most important test for a tow release is proving that the pilot can activate a 

release of the tow rope using reasonable physical effort whilst the release has the maximum tow force 

applied.  Historically the test requirement has been specified in several different ways: 

GAus AD277 specification for Tost 
releases: 

No specification for maximum pilot actuation force but: 

6.75 kgf maximum actuation force at 450 kgf tow force (from Chart 
1 of AD277).  Note this is with release removed from aircraft and no 
main spring which adds about 4kgf and so effectively the force 
installed would be 10.75 kgf.  

Tost manufacturerôs operating 
manual 

When the release hook is under a load of approx. 150 daN (150 
kgf) you should still be able to operate the manual release lever in 
the cockpit with the same force, ie, 7.5 ± 1.5 daN (7.5 ± 1.5 kgf.). 
(ref Tost E85) 

GAus AD293 specification for non-
Tost releases: 

20 kgf maximum hand load with a tow load equal to the sailplanes 
rated weak-link, or 450 kgf if not stated. 

CAO 100.5  

(24 December 2015) specification 
for towplanes: 

ñPilot effort must be tested to ensure that it is less than 200 N (20 
kg force) with a 4.5 kN (450 kg force) load applied to the release 
anywhere in a 30-degree cone.ò 

Table 16-3  Historical Release Test Requirements  

When one considers that the average human, when standing and leaning back, can typically only pull a 

horizontal force of 30-40kgf and that this is enough to move a sailplane, then applying higher tow forces 

and anchoring aircraft is fraught with difficulty and risk.  But by using tools and levers this can be done 

safely. Be careful and do it correctly. 

In practice it is impractical and unsafe to conduct a test with the release installed in the aircraft and with 

tow loads of 450 kgf, or even 150 kgf, applied by pulling against the aircraft.  

High tow load testing of sailplane Tost releases in Australia has for a long time been conducted with the 

release removed from the airframe and utilising the purpose designed GAus 450 Release Tester (new 

hydraulic or the older spring tester).  This is a safe and practical means of testing a releaseôs integrity 

(ability to survive without damage the applied load) and the over-centre setting.   When combined with 

thorough inspection of condition (wear and cleanliness) of the release and the control circuit, this method 

has proved to be effective.  

Gliding Australia has adopted the strategy that high tow load testing is to be conducted with the release 

removed from the aircraft and installed in a suitable test rig (such as the GAus 450 Release Tester) 

unless a Gliding Australia approved in-situ adaptor is used.  

However, some actuation force testing is wise to ensure friction and actuation system errors are found 

and corrected.  This mainly occurs during design of aircraft but GAus have added a small amount of this 

testing as below. 

16.7.2 TOW RELEASE TESTS 

The tow release test regime for all sailplanes and towplanes comprises using the following tests at 

various times of maintenance: 

a. Test 1: Over-centre.  This test measures the actuation force required to activate the release at 

various levels of tow load.  When graphed, the data provides an indication of the level of over-

centre in the mechanism.  The test also proves that release of the ring is achieved when 

commanded and that the releaseôs beak can sustain a straight line pull of up to 450 kgf without 

premature release.  The test is always conducted with the release removed from the aircraft and 

with the main spring removed from the release.  The GAus 450 Release Tester (new Hydraulic 

release tester or the older Steel Stallion) enables testing up to 450 kgf which is sufficient to 

simulate the maximum tow load experienced by most modern sailplanes.  

b. Test 2: Main Spring Tension.  This test is to determine that the main spring is strong enough to 

return the actuating mechanism to the closed position and exerts sufficient force to hold the 
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mechanism over-centre and thus locked at all times to avoid uncommanded release. (As required 

for towplanes by CAO 100.5 Appendix 1 Clause 12.4c). 

c. Test 3: Pilot actuation. This test ensures the pilot is easily able to operate the release.  It measures 

the pilot actuation force required to operate the release with no tow load force.  The test is repeated 

with a small, humanly possible, tow load to ensure that the pilot effort has not increased 

significantly as it might if there was wear or excessive over-centre.  The release main spring is then 

checked for sufficient release restoring force to fully close and over-centre lock the release during 

hook up. Test 3 is to be performed on towplanes prior to Test 5. 

d. Test 4: Back-release. This test confirms that the automatic back-release mechanism (if fitted) 

activates within the specified angle range. 

e. Test 5: Towplane Pilot Actuation Force.  This test is a requirement of CAO 100.5 Appendix 1 

specifically for towplanes and is conducted after Test 3.  It checks that the release can be operated 

by reasonable human effort with the conceived highest tow load.  

Details of how tests are performed and result acceptability criteria are described in Section 16.8.  

16.7.3 LOGBOOK AND MAINTENANCE RELEASE ENTRIES 

When certifying compliance with the requirements of this chapter, the logbook entry should state: 

a. ñRelease check as per BSE Chapter 16 version xxò, where ñxxò is the version of BSE Chapter 16 

used as reference.  

b. ñTests 1, 2, 3, 4 completedò, as applicable.  

c. ñNext service due at next Annual Inspection if greater than XX launchesò (where ñXXò is the last 

service launch count + 200). 

d. If the main spring has been replaced, record:  

i. The source and tracking data (batch number etc) of the replacement spring. 

ii. The number of recorded launches at which main spring replacement is next due. 

e. Any other action taken. 

For example:  

ñRelease check as per BSE version 25.1.  Tests 1, 2 and 3 completed.  Next service due at next 

Annual Inspection after xxxx launches.  Main spring replaced, sourced from GAus, batch XYZ.  Main 

spring due next replacement at yyyy launchesò. 

The future required maintenance that may be required during the year is to be recorded in the 

Maintenance Release. For example: 

 

Item 
No. 

Recurring Maintenance Items  Due date 
or time in 
service  

Maintenance 
certified by  

Date 
completed  

1 Release main spring due next 
replacement at  

yyyy 
launches 

  

Table 16-4  Example Recurring Maintenance Entry  

The spring replacement requirement is before 10,000 actuations and therefore may be required before 

the next annual inspection.  At Annual Inspection it is wise to consider if the spring may expire before next 

annual and replace it early to avoid hassles. It is a low-cost item.  

16.8 CONDUCTING THE TESTS  

Release maintenance intervals and the tests required for sailplanes and towplanes are specified in a 

table in MOSP 3 titled óSchedule of Inspections and Maintenance Requirements for Tow Releasesô.   

Always check to see if a new AD has been issued on the topic before commencing tests. 
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The following procedures are derived from both manufacturersô specifications and local research. There 

may therefore be variations if direct comparison is made with manufacturersô publications.  

Use the óTow Release Maintenance Recordô form at Appendix B to record the test results (print the page 

from this document).  If the aircraft has two releases (eg nose and belly), then each release requires its 

own Tow Release Maintenance Record form.   Completed copies of the Tow Release Maintenance 

Record and Test 1 Chart (if applicable) should be retained with the sailplane maintenance records.  

Before commencing any of the tests: 

a. The tow rings used for the test must be dimensionally the same as serviceable genuine rings as 

specified by the release manufacturer.  

b. The release must be cleaned, inspected for wear (especially beak and jaws) and lubricated. 

16.8.1 NOMENCLATURE 

Throughout this chapter the following terms and names are used: 

Term Meaning  

X axis Direction of flight  

Y axis Spanwise direction  

Z axis 90° to the direction of flight (up)  

P Actuating Force on lever (kgf) 

PR Restoring force of the spring that acts to close the release (kgf) 

Q Load applied to beak (kgf)  

l Lever arm (standard arm has 68 mm lever distance but varies from 
35 to 120 mm on different sailplane types). 

Table 16-5  Testing Nomenclature  

 

Figure 16-13  Typical Aerotow Release  
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Figure 16-14  Typical Winch Release  

16.8.2 NON-STANDARD LEVER ARM - CONVERSION OF FORCE READINGS 

The interpretation of the data assumes that the lever arm is 68mm, which is the most common length.  If 

the lever arm of the release, or the total effective lever length created by an attachment specific to 

sailplane type, extends the lever then a conversion to the equivalent force must be made.  The calculation 

is made using the following conversion formula:  

Equivalent force = measured force x (arm length / 68) 

Example:  

A 3.3 kgf spring balance reading on a 140 mm lever arm: 

Equivalent force = 3.3 x (140 / 68) = 6.8 kgf on a standard 68 mm lever.  

Alternatively, the equivalent force can be interpolated from the chart below. 

 

Figure 16-15  Release Non -Standard Lever Arm Force Conversion Chart  


















































































































































































































































































































































































































































































































