
Southdown Gliding Club

Bronze Endorsement: 
Aircraft General 

Knowledge & Systems

Craig Lowrie



Southdown Gliding Club

Topics Covered

§ The Design Rules – CS22
§ Construction Materials & how each performs
§ How we measure performance and how we improve it
§ How gliders are constructed & what the key parts are for
§ Flight Envelope and consequences of going outside it
§ How gliders are controlled and the side-effects
§ How they are designed for better flying characteristics
§ Key Instrumentation types and how they work
§ Undercarriage systems & considerations
§ Electrical systems
§ Ancilliary systems
§ Historical & Emerging Navigation & Conspicuity gadgets 
§ Paperwork / Permissions and Controls
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The Sailplane Design Rules
CS22 (175 Pages !)
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Advances in Construction - Wood
§ Wood was typically used

on early gliders

§ The structures are complex 
and use lots of small pieces 
of wood to achieve a strong 
yet light structure

§ The structure is covered 
with fabric… originally 
cotton but now ‘ceconite’ is 
usually used

§ Wood gliders are manpower 
intensive to make and some 
glues fail with dampness 

Jose Weiss Glider

1909 Centenary Rally
It Flew !
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Advances in Construction 
Wood / Steel tube
§ Steel Tube replaced wood for 

fuselage

§ Structure could be ‘Jig’ Built
simplifying construction time

§ Structure was light and strong

§ Was suspectable to bending
following firm landings and did 
not provide much protection

§ Was prone to corrosion in areas 
near the landing gear  

K-13

K-18
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Advances in Construction - Metal
§ Metal looked like the ideal material 

in the 70’s / 80’s
– Very Strong yet light
– Could be left outdoors all year 

round
§ Various issued emerged such that it 

is not used for gliders anymore
– Fatigue problems which were 

sometimes difficult to detect and 
resulted in structural failure

– Some corrosion issues in key areas
– Thin skins easily damaged
– Wing profiles did not meet 

increasingly stringent requirements 
– Needed specialist repair

§ Metal is rarely used today

Blanik

Pilatus B4

IS28 b2
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Advances in Construction - Composite
§ Composites were perfectly matched 

to new and emerging requirements
– Allowed easy creation of smooth 

streamlined shapes
– Were strong yet relatively light
– Engineering development provided 

new materials like Carbon Fiber and 
Kevlar which could be used 
selectively for better properties

– No component fatigue detected 
following repeat tests, years apart

– Has allowed the creation of new and 
ultra thin ‘low-drag’ wing profiles 
and slender tailbooms to reduce 
form drag

§ Downsides…???...  Are there any..?
– Finish deterioration…?

Phoenix

Kestrel 19C
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And the Results…

Olympia 2b

But…what is L/D ? .. See next slide
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Glide Angle & Polar Curve

Glide angle = 42/1.9

                    = 22:1

Oly 2b



Southdown Gliding Club

Measuring the Performance on a real glider
Pioneered by Dick Johnson

52/1.44
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Minimum Sinking Speed
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How the Polar alters with Light & Heavy Loads
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Challenge between Performance & Strength

Aspect Ratio : 33.5
(span / chord ratio)

Aspect Ratio : 5.5
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Long / Thin wings put major pressures on how to make the glider strong enough
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How is a Glider made.?
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How are they Made 
Start with the Bit you sit in !

Cockpit area

Tail fin

Fuselage Moulds ‘Closed’
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How are these Gliders made ? 
Cross section through a WING (ASW 20)

Outer skin. (GRP/CFRP)
Foam Core

Inner skin. (GRP/CFRP)

Upper spar Cap
(Typically in compression*)

Lower spar Cap
(Typically in Tension*)

Shear Web

Outer finish
(Gel coat or Paint)

Degraded by Sun or moisture

* = in flight

Wing 
Spar
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Forces inside the wing

• When the glider pulls UP :-
• The Compression in the Upper Cap increases
• The Tension in the Lower cap increases

• The Shear web overcomes tendencies for 
two spar caps to slide relative to each other

Compressi
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Loads in flight

30m Wingspan Eta
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A Composite Glider SKIN
Is a Sandwich of Outer skin / Foam / Inner skin

This help to overcome twisting forces in the wing



Southdown Gliding Club

Spar Cap manufacture
How are they made ?

Carbon Rovings being drawn 
Through a resin bath

Caps made seperately

Caps made Directly into
The wing skin

Shark

TwinShark

Roving must be kept straight as they cure !
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Wing skins being fabricated
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Root Rib construction
Wrapping of the spar ends

Not just to make
It pretty !

Straight out of the mould
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How to test if it is strong enough..?

• It has to be proven by testing !
• A safety factor of 50% should be achieved
• The wing has to be broken

• This test may be done several times
• Each test costs many tens of thousands of 

pounds !

Twinshark
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Typical flight Envelope

Or
Flutter

Vd
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Risks of flying too Fast
§ Flutter is probably the biggest risk

§ Control surfaces can be ”left behind”and can amplify the 
oscillation

§ Adding Lead to the leading edge of a control surface can 
reduce its tendancy to flutter

§ Minimising play in control 
surfaces is critical as a plane
gets older

§ I have experienced this many
years ago and it was pretty
frightening !!
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Control Surfaces 
Where are they & how do they work?

Can be combined to make

‘Flaperons’

(OR SPOILERS)

Thanks to Richard Lancaster for the great diagrams
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Control Surfaces – How do they work
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Control Surfaces – Elevator
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Control Surfaces – Elevator
PRIMARY effect (PITCH)
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Control Surfaces – Ailerons
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Control Surfaces – Ailerons
PRIMARY effect (ROLL)
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Control Surfaces – Rudder
PRIMARY effect (YAW)

Airspeed Indicator could under-read
With excessive YAW Angles
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Primary Effects of Controls

Elevator                       Ailerons                      Rudder

PITCH ROLL                          YAW

BUT There are some side effects too. - We Call them Secondary Effects
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Control Surfaces – Ailerons
SECONDARY effect
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Control Surfaces – Ailerons
SECONDARY effect
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Control Surfaces – Rudder
SECONDARY effect
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Dihedral Stability
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Washout

• By ‘twisting’ the wing slightly, the inner portion of the wing will stall first
• This tends to reduce the tendency for a wing to drop at the stall
• Washout tends to reduce performance so it is a compromise
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Instruments - Altimeter
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Instruments – Airspeed Indicator (ASI)

Pitot

Static

Take steps to stop water
Getting into Pitot or static

Ports !
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ASI – Altitude Effects

Asi Reads approx. < 50kts
True Airspeed 66 kts !
(over 30% higher !!)

Photo from Sept 20
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ASI Colour markings
Most glider have these now
§ White Arc

– Acceptable speed range for 
positive flaps to be used

– Sometimes an ‘L’ indicates 
a slower speed for landing 
flap

§ Yellow Arc
– Can only fly here in smooth 

conditions
§ Red Line

– Maximum speed (VNE)

§ Blue Line
– Best climb speed

§ Yellow Triangle
– Minimum landing Speed
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Instruments - Variometer
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Instruments – Variometer
Total Energy Compensation

Some modern ‘Netto’ vario’s subtract the glider
Sink-rate to show you the ‘Airmass’ movement

TE Probe can also be on 
the fuselage tailboom (K21)
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Compass
The ‘basic’ navigation device

§ A compass uses the earths 
magnetic field to allow you to 
determine which way is North
– Once you know this basic 

navigation is possible
§ Compasses have some ‘issues’ 

that are worth knowing
– Variation

§ A compass points to magnetic 
north and not true north

§ The Variation varies over the 
earth and changes with time

– Deviation
§ A compass can have errors due 

to nearby metallic items
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Undercariage / Wheels / Tyres / Tubes

Retractable UC

Drum Brake

Disc Brake

- Wheel size is typically governed by sailplane Maximum All-Up-Weight
- Creative solutions have been developed for heavy / slender gliders
- Most tyres have tubes, but recently tubeless are being used (ie Shark)

Twin-wheel ASW22

Twin UC Stemme S10
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Glider Electrics
§ Normally based around 12v DC 

solutions (Battery)
§ Glider wiring is usually protected 

with Fuses or Circuit Breakers 
and without this could Melt !  -> 
See Video
– Fuses break the connection 

quickly but need to be replaced
– Circuit Breakers take longer to 

break the connection but can 
usually be reset

§ Wiring is ‘Rated’ to cope with 
peak currents

§ Main Battery fuse should be 
located as close to the battery as 
possible

These fuses and breakers are 
‘rated’ to protect the associated item

Ie : Radio, Transponder, Vario etc
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Control Integrity
§ Later gliders (ie LS4b, DG505 etc) use automatic control 

connections
– These are highly reliable, but mis-rigging can be done is the 

person is careless
– Even with Auto connection, ALWAYS check for normal control 

operation afterwards and do positive control checks

§ On earlier fiberglass gliders, L-Hotelier connectors are used 
and whilst these are excellent, it is essential that precautions 
are taken

§ If in doubt, ALWAYS ask for help from a more experienced 
member / instructor or Glider inspector

§ Some glider types are more prone to misrigging (ie Pegasus, 
ASW19, ASW20, Pik20
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L-Hotellier Connectors
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L-Hotelier Connectors 
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Wederkind locking sleeve instead or the R-Clip
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L’Hotelier Connectors – Potential Risks

§ L’Hotellier connectors are very reliable provided they are 
operated correctly and suitable checks are performed to 
confirm the connection is made and secure

§ It is recommended to get the connections duplicate inspected 
(is a policy for club gliders, and recommended for private 
ones)

§ Make sure the connector is locked 
– R-clip correctly through the locking hole. OR
– Wederkind sleeve in the correct place when this locking sleeve is 

used

§ ALWAYS try and pull the connection off the ball to make sure 
it is firmly attached
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Wederkind sleeve incorrectly located

https://www.youtube.com/watch?v=ydUy2Jx097o
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Ancillary Items - Parachutes

§ Parachutes give you a spare 
on-board personal plane !

§ They can save your life and 
should be treated carefully

§ Never let them get wet or 
damp

§ They should be repacked 
every year

§ They should be worn 
correctly

§ Like the Glider, they should 
be inspected Daily

§ They have a ‘Life’ or 15-25 
years

§ They are expensive !.. 
£2500 - £3000 each
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Ancillary Items – Emergency Location 
Transmitters (ELT’s)
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Some Supporting ‘Gadgets’ that pilots use
§ Navigation Aids

– Automatic Direction Finder
§ ADF Uses Non Directional 

Beacons (NDB’s) to determine 
bearing and heading

§ Is being slowly disbanded
– Very HF Omnidirectional Range

§ VOR Receives a ‘radial’ from a 
beacon and if two are used can 
determine aircraft position

§ Replaced ADF and used for 
decades but slowly being phased 
out

– Global Positioning System
§ Accurate position in X,Y and Z 

based on time-shift from 4 (or 
more) satellites.

§ GPS altitude has about 200’ error
§ Many systems use GPS, ie

Oudie’s

§ Conspicuity Aids
– Mode S Transponders

§ Allows controllers to see 
information about aircraft 
and its position

§ Can trigger on-board 
collision avoidance systems

– Automatic Dependent 
Surveillance – Broadcast
§ ADS-B is a development 

from Mode S transponders 
so aircraft can ALSO see 
what controllers can see

– FLARM
§ Onboard collision 

avoidance systems and 
allows other users to see 
nearby aircraft position

– OGN-R
– PilotAware
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Glider Manuals
All New Certified Sailplanes have these manuals

FLIGHT MANUAL

- General
- Limitations
- Emergency Procedures
- Normal Procedures
- Performance
- Weight & balance
- Systems Description
- Handling
- Supplements

MAINTENANCE MANUAL

- General
- Descriptions & Adjustments
- Inspections
- Maintenance
- Detailed instructions
- Weight & balance
- Instrumentation
- Special Tools
- Parts List

REPAIR MANUAL

- Minor Damage
- Tools & Facilities
- FRP repairs
- Types of Fabrics

In GREY indicated a non-approved section
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Airworthiness Requirements
(Not a complete set)

Certificate of Registration
Certificate of Airworthiness

Noise Certificate (if applicable)
Annual Inspection

Program
Airworthiness

Review Certificate

Done When New or something Changes                           Done Every Year 
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Airworthiness Directives
- Issued by Regulator in response to incident &/or manufacturers investigation
- Usually have an associated implementation schedule for a given glider type
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Pilot Owner Maintenance
What can a Pilot / Owner do themselves..?

§ The pilot/owner is responsible for any maintenance they do
§ They must satisfy themselves they are skilled enough 
§ They cannot do such maintenance on someone else’s glider
§ Any regular tasks should be included in the glider maintenance 

program
§ Pilot owner must NOT attempt an item which :-
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Questions…?


