
The Santos Dumont Flight Manual, printed out below, indicates the amount of detailed 
work done by Giles and me. No need to read it word for word. This document, apart from 
being useful for routine flying, was handed to the Civil Aviation Authority. They typed it 
out again and sent it back to Anthony saying it was his cherished ‘Certificate of 
Airworthiness’. Nowhere did the CAA document specifically mention ‘certificate’ but 
Anthony was given a (verbal) assurance that that is what it was. A few years later the 
CAA said they had never issued a C of A for the Santos Dumont. The key perpetrator of 
this cruel deception was, so it appeared, the ‘expert’ sent on many costly visits to 
Cardington to be taught mainly by myself and Giles everything he managed to learn 
about airships. He was, I believe, given some sort of lighter-than-air award for his 
matchless services to the lighter-than-air community of enthusiasts…   
 
The last C of A for an airship in Britain had been signed within a few weeks of the 
appointment in September 1930 of Hugh Dowding, later Baron Dowding of Bentley 
Priory, to the Air Council as air member for supply and research. He was immediately 
put under severe pressure to sign off, on the basis of dodgy optimistic technical reports, 
the airworthiness certificate for the new R101 airship. The R101 crashed on 5 October 
1930, killing forty-eight of those on board including Lord Thomson, secretary of state for 
air.   
 
TECHNICAL APPENDIX  
 1.  DESCRIPTION 
 1.1.  The airship G-BAWL is a pressure blimp of 33,000 cu. ft. capacity with a fore and aft ballonet each 
of 3,000 cu. ft. capacity. The envelope was constructed by Airborne Industries at Southend, of 2 ply cotton fabric with 
neoprene proofing. The envelope has a length of 72' and a diameter of 28'. This material is equally suitable for 
hydrogen or helium as lifting gas.  
 1.1.2.  The car was constructed by J. Tomlinson and G. Camplin. It comprises a g.r.p. reinforced plywood 
box with seats mounted on thwarts. The box is supported by steel cross-members and behind the box is mounted a 
plywood ballast and battery box supported by a third steel cross-member and behind that two Wankel Rotary engines 
with ducted fans supported by a fourth transverse steel angle section. The four transverse steel angle sections are 
supported by eight ('one ton') rigging wires (four on each side) that run tangentially to eight eta type patches glued to 
the envelope. The tension in these rigging wires is between 1 and 2 cwt.  
 1.1.3.  Lap straps are provided for each of the seats and are bolted to the appropriate steel cross-members:  
 1.1.4.  The engine and duct mountings are constructed of brazed or welded steel tube bolted to steel angle 
section.  
 1.1.5.  The dimensional stability of the components of the car or gondola are maintained by 18 and 16 
gauge aluminium (HD30) sections in the form of four longitudinal tubes 12' in length, braced with aluminium tubes and 
angle sections welded or bolted or fastened with jubilee clips as appropriate. A landing skid is lashed under the gondola 
with two inflated rubber tubes in between to absorb landing shocks.  
 1.1.6.  The rear end of the envelope is provided with two horizontal upper fins triangular in shape to which 
are hinged paddle-type control surfaces for pitching control. The control lines are run directly to the rear of the car and 
are operated manually by means of a capstan which is provided with a friction nut.  Two lower fins, rigged at 30o to the 
vertical, provide stability mainly in yaw and hinged rudders are provided for steering. The rudders, which are coupled, 
are operated by lines connected to rudder posts on the outside only of the rudders. The rudder bar in the gondola is foot 
operated.  
 1.1.7.  The envelope is provided with a standard rip panel for emergency deflation. The rip panel can be 
peeled off the outside of the envelope by a long and firm pull on the red cord on the starboard side. Before the rip peels, 
the cord has to be pulled out of four snatch clips.  
1.1.8.  A further small sleeve next to the pilot on the starboard side is provided with a small rip panel also operated 
by a red cord. This sleeve can be opened in the emergency event of the airship rising above its pressure height so 
rapidly that the gas valve does not dump gas at a sufficient rate. The sleeve can be tied off again after use in flight.  
1.1. 9. The gas valve is a standard 8" kite balloon valve and is operated by a tape on the port side of the gondola.  
1.1.10. The envelope has a sleeve attached along the port side to fill and empty the ballonets. The air supply for 
filling the ballonets is provided by scoops mounted behind the propellers. A control box constructed of plywood allows 
air to be blown into or escape from either ballonet. The necessary valves (four in all) are operated by lines that 
terminate just in front of and above the pilot on the port side. 



 
2.  MAINTENANCE 
2.1.  Before inflation  
2.1.1.  A thorough examination is made of the entire envelope, including ballonets, before each inflation.  
2.1.2.  An air inflation and pressure holding test is made not longer than one week before inflation.  
2.1.3.  All defects are repaired using approved sticking solutions and accidental chafe is covered with aluminised 
solution.  
2.1.4. All load bearing patches are examined for soundness.  
2.1.5. Loose grit inside the envelope is removed with a vacuum cleaner.  
2.1.6. Inspect internal rigging and gas purity tube.  
2.1.7. Inspect rip panel and rip line.  
2.2.  Every month - Envelope  
2.2.1. If flying with hydrogen an estimate of gas purity must be made.  
2.2.2. Inspection of load bearing patches including pad patches for fabric deterioration, evidence of undue wear or 
chafe.  
2.2.3. Visual inspection of hull for chafe, wear or accidental damage.  
2.2.4. Inspection of gas valve and all sleeves, using gas leak detector if available.  
2.2.5. Inspect all handling guys, rigging lines, suspension wires and control cables for undue wear or chafe. 
2.2.6. Ensure that sleeves for emptying and filling ballonets are sound and functioning well.  
2.2.7. Inspect mooring mast connection and check tightness of fastening bolts.  
2.3. Every month - Control surfaces  
2.3.1. Examine fastenings of fixed fins.  
2.3.2. Tauten stretched fabric surfaces if required.  
2.3.3. Ensure tightness of all aluminium structural joints, tightening bolts and clips where required.  
2.3.4. Examine movable control surfaces, paying attention to any structural deforming and to the correct alignment of 
rudder and elevator pintles.  
2.3.5. Check rubber band counterbalance for elasticity.  
2.4. Every month - Gondola  
2.4.1. Examine all structural elements for deformation or signs of damage.  
2.4.2. Check seats and lap straps and their fastenings.  
2.4.3. Examine ballast box and its fastenings, checking control pulleys and lubricating metal pulleys with oil.  
2.4.4. Examine skid, checking condition of inflatable tubes.  
2.4.5. Examine rudder bar for deformation and free movement of bearing and elevator capstan for secureness of central 
bearing and effectiveness of friction lock.  
2.4.6  Examine ballonet box and connection of all sleeves; check the rubber band springs for elasticity; examine flap 
valves for warp or damage.  
2.4.7. Oil metal pulley wheels for ballonet control cords and examine cords for soundness especially in the jamming 
cleats.  
2.4.8. Examine manometers and connecting tubes and adjust liquid levels, if required.  
2.5. Every 20 hours flying - Propulsion units, propellers and ducts  
2.5.1  Check propeller fastening nuts for creep and examine propellers and ducts for damage, wiping clean with damp 
rag.  
2.5.2. Examine ballonet scoops and check for security of fastening.  
2.5.3. Examine engine mounting frames for tightness of fastenings and look for any cracking or failure of supports, 
particularly at the brazed or welded joints. 
2.6. Every 20 hours flying - Electrics  
2.6.1. Examine electrical connections for overheating, corrosion, looseness of joints or damaged insulation.  
2.6.2. Top up battery.  
2.6.3. Apply grease film to battery connections.  
2.7. Every month - Fuel system  
2.7.1. Examine tank and fuel lines for damage or leaking.  
2.7.2. Empty tank by turning upside down to remove accumulated dirt or water.  
2.7.3. Clean in line petrol filters if signs of clogging.  
2.8. Every month - Engine controls  
2.8.1. Wax lubricate ends of Bowden cables and inspect all cable runs.  
2.8.2. Examine clips and connections of throttle and choke cables, paying attention to condition of return springs.  
2.9. Every month - Engines  
2.9.1. Clean air filters with petrol.  
2.9.2. Remove spark plugs and adjust gap, and inspect plugs for correctness of running mixture, adjusting according to 
engine manual if the plugs are not coffee coloured.  
2.9.3. Examine exhaust pipes and silencers when cold and check when running to ensure there are no leaks.  
2.9.3. Check engine running hours. Each 100 hours refer to engine manual.  



 
3.  PREPARATION FOR FLIGHT  
3.1.  Envelope 
3.1.1. The gas pressure is brought up to a positive pressure (i.e. 10 - 25 mm). The ballonet box auxiliary air port is 
sealed off and the ballonet box and air tube are examined for correct functioning.  
3.1.2. A visual inspection is made of the envelope by walking around the air-ship. Stabilising fins and control surfaces 
are visually checked for freedom from distortion and tautness of fabric. Stabilizer pads and their patches are observed 
for soundness. All tied off sleeves are inspected. 
3.2. Gondola 
3.2.1. The support wires, their patches and the D-shackle attachments to the gondola are examined.  
3.2.2. The gondola is examined for distortion or damage.  
3.2.3. The skid, its lashings and the inflated tubes are examined.  
3.2.4. The rip line is fastened correctly for flight.  
3.2.5. The pockets are opened to check that any required articles (e.g. tape, cord, tools, maps, notebooks) are carried.  
3.3. Propulsion and engines  
3.3.1. The propellers are inspected and are seen to be free for start up.  
3.3.2. The engines are made ready for start by connecting the fuel tank, checking the contents, opening the air breather 
and inspecting the filters. The battery is connected and the switches are tried to see if the indicator lights ... show.  
3.3.3. Ballast that is likely to be used in flight is stowed together with any other ballast required for ground handling.  
 
4. PILOT'S HANDLING NOTES  
4.1. Powered flight: controls  
4.1.1. Rudder 
4.1.1.1. Rate 2 turns are obtained with 4500 rpm and are easier to initiate to port because of the asymmetric drag of the 
ballonet control box and tubes.  
4.1.1.2. Differential throttle is useful especially when obstacles are to be avoided near the ground.  
4.1.2. Elevators 
4.1.2.1. The elevators operate positively at throttle settings at and above 4000 rpm and negatively at and below 3000 
rpm (i.e. at speeds above 20 mph and below 13 mph respectively),  
4.1.3. Trim  
4.1.3.1. Trim adjustment is effected by blowing air into the fore and aft ballonet or letting it escape from the fore or aft 
ballonet.  
4.1.3.2. The four wooden spheres in front of the pilot operate the flap valves in the ballonet control box. It is essential 
that the pilot should be absolutely familiar with the operation and effectiveness of this trim capability.  
4.1.3.3. The trim capability at ground level is maximum if the gas fill is such as to give just 30,000 cu. ft. of gas and 
3,000 cu. ft. of ballonet air for a 25 mm gas pressure at normal temperatures. The trim capability then decreases with 
altitude, becoming zero at the pressure height (3,000’) and decreases with temperature, becoming zero if the gas 
temperature rises 30 Co above normal.  
4.1.3.4. The trim is established by the pilot sighting the horizon with the marks provided. Trim is affected by throttle 
setting as the engine thrust lifts the nose. Thus if the throttle setting is altered the trim may need to be re-adjusted.  
4.1.4. Engine Controls  
4.1.4.1. An indicator light shows the ignition is on.  
4.1.4.2. The engines are started on 1/4 throttle setting with full choke. The choke is smoothly pushed forward while 
operating the electric starter until the engine picks up.  
4.1.4.3. Idling speed is 1500 - 2000 rpm and maximum is 4500 or 5000 rpm for short bursts of power. The ammeter 
should show a very small charge of 1-2 amps.  
4.1.4.4. To stop engines, switch off ignition preferably when rpm is 3000 or below.  
4.1.4.5. In case of fire switch off petrol and ignition and use fire extinguisher. If on ground disconnect petrol tank and 
remove if safe to do so.  
4.2. Controls for free balloon flight  
4.2.1. The gas valve is operated by a tape on the port side. The valve line may be tied off at the valve with break thread.  
4.2.2. The rip panel is operated by the red cord on the starboard side. There are four snatch clips before the panel starts 
to peel.  
4.2.3. A further red cord on the starboard side operates a small rip panel in a sleeve that when opened provides an 
appendix for the gas bag. This rip cord could be used in emergency if the gas pressure was excessive and the dump 
valve was not adequate. As it is within reach of the pilot it can be tied off in flight after use.  
4.2.4. Sand ballast for flight may be kept near the pilot's feet and a reserve supply can be kept in the ballast box. The 
battery can be readily released for use as ballast in emergency, as the terminals are secured with wing nuts.  
4.2.5. A grapnel is normally carried. 
4.3. Take-off 
4.2.1. Trim nose up.  



4.3.2. Ground crew weigh off (take-off is possible one sandbag heavy with maximum nose up trim in calm air. More 
weight is possible in wind).  
4.3.3. Check adequate gas pressure (20-30 mm).  
4.3.4. Ground crew adjust nose into wind and secure nose handling line.  
4.3.5. Set elevator 1/4 nose down, for initial 'reverse' control.  
4.3.6. Ground crew release all handling lines and heave car into air, simultaneously pilot opens throttle to 4500 rpm on 
the crew master's call of "up ship!"  
4.3.7. As ship gathers way, ease elevators backwards to give neutral elevator at 12 mph and progressively increase 
elevator nose up until full speed is reached. At about 12 mph as nose comes up apply starboard rudder to counteract 
swing to port.  
4.3.8. Release air from aft ballonet during climb to desired height then level off with elevators and adjust trim.  
4.4. Handling in flight  
4.4.1. Gas pressure must be watched constantly. Normally pressure is  
25 rrms - 30 mms. 50 mms should be considered very high. Particular care should be taken to avoid over pressure when 
ascending.  
4.4.2. Airspeed and throttle settings are related and measurements so far indicate the relationship shown on the graph.  
4.4.3. "Reverse" control below about 13 mph is a weak effect in unstable air.  
4.4.4. For positive climbing to avoid dangers power should be used.  
4.4.5. Ballast is jettisoned to avoid collision with objects on the ground.  
4.4.6. Full rudder turns through 90o or more cause the airspeed to drop right off: the airship will then descend or rise 
according to whether it is heavy or light until airspeed is re-established. This effect may be noticed with either low 
throttle settings or full throttle (i.e. "reversed" or positive elevator control).  
4.4.7. Because the wind-speed and airspeed are often of the same magnitude, remarkably high drift is experienced and 
the airship can track very rapidly at right angles to its heading. The pilot should try some sample calculations and 
compare these with flying experience.  
4.4.8. If the airship has been launched with the gas superheated by sunshine then the gas will cool in flight and 
considerable increase in weight is experienced.  
4.4.9. The usual vertical currents familiar to balloonists may be observed in connection with differential solar heating 
of various land surfaces. The greater the expected difficulties from vertical air movement, the more attention must be 
paid to keeping the trim adjusted.  
4.5. Fuel consumption  
4.5.1. The attached graph indicates fuel consumptions as a function of rpm or airspeed. The greatest consumption (i.e. 
almost 3 gallons per hour) will make the airship about one sandbag lighter in two hours. It is quite possible to land at 
least one sandbag light if the trim is adjusted sufficiently nose down.  
4.6. Approach and landing  
4.6.1. In calm air the "reversed" control can be used to make effective landings. If the airship is heavy or light, trim is 
adjusted accordingly, before commencing the approach. Overshooting is possible with full power providing the trim is 
not too heavily nose down. However, the condition for a heavy nose down trim is that the airship is very light. If very 
light then the airship will rise of its own accord if the throttles are shut right down and a steep turn may also be used to 
initiate an upward float.  
4.6.2. In windy conditions the airship is flown under full power, with positive elevator control, onto the ground. The 
trim should be as near neutral as possible. The reason this approach and landing is not recommended in calm air is that 
the high ground speed makes difficulties for the ground crew,  
4.6.3. Any crew or passengers are briefed not to unstrap themselves or alight until the pilot tells them to do so.  
4.7. Emergency procedures  
4.7.1 Should the airship be forced down into a field then a take-off can be effected without assistance from crew using 
nose up trim and full power. However there is a tendency to stick down while taxying because of the venturi effect of 
the slip-stream between the rudders. Ballast may have to be jettisoned.  
4.7.2. A grapnel is normally carried and trials have shown that the airship rides· with nose about 30o off the wind if 
attached by the mooring point. The grapnel would need to be dropped to lodge in a fence or hedge.  
4.7.3. The use of the valve, rip, and appendix sleeve rip have been mentioned elsewhere.  
4.7.4. Full operation of the gas valve can be expected to give a loss of lift of at least 40 lbs per minute.  
4.8.  Pilots check lists  
4.8.1. Pilots cockpit check list before flight  
* Briefing - everyone concerned  
* Fuel - sufficient and breather open  
* Trim - nose up  
* Weighed off  
* Ballast adequate and secure  
* Rudder and elevators working and set central  
* Altimeter set  
* Maps and tools  



* Wind direction and obstacles  
* Straps  
4.8.2. Pilots check list before launch      
* Straps         
* Trim          
* Weight         
* Elevator set        
* Pressure         
* Ballonets shut off       
* Wind        
 
5. GROUND HANDLING  
5.1. Crewmaster 
The safety of equipment and crew on the ground shall be the responsibility of the crew master.  
5.2. Safety rules  
Every crew member must be told never to let his feet leave the ground and never to wrap or wind a rope or handling 
line around hand, limb or body. A 'No Smoking' rule is required near hydrogen or petrol.  
5.3. Equipment 
5.3.1. Normally the airship is provided with a nose handling line, a tail handling line, and two forward guys, port and 
starboard.  
3.3.2. There is a mooring point, comprising three 'one ton patches' joined by a steel plate, on the underside of the hull at 
the front of the ballonet.  
3.3.3. Mooring can be achieved by connecting the mooring point to a vehicle or a mast (mobile mooring or static 
mooring respectively) at a minimum height of 8' above the ground.  
5.4. Mobile mooring  
5.4.1. Usually eight sandbags or their equivalent are carried in the vehicle to allow for superheating or windy 
conditions.  
5.4.2. Normally the airship is kept .light to allow the gondola to swing clear of the ground.  
5.4.3. The crew-master must decide on the deployment of the rip line.  
5.4.4. The crew-master must decide on the pressure required.  
5.4.5. The airship can be moved by two people in calm conditions (surface wind less than 5 mph); for windy conditions 
three or more people are desirable.  
5.5. Preparation for flight  
5.5.1. In calm conditions the crew-master requires an assistant in addition to the pilot in order to make ready, 
maneuver, launch and land the airship. An additional crewman may speed up the operations.  
5.5.2. In the maximum winds suitable for flying (e.g. 12 mph) surface wind with occasional gusts of greater intensity) 
the crew-master requires a crew of four in addition to the pilot. Further crew may speed up operations.  


