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Rev 2 - 10/01/08 P1
 Photo Orville (L) and Wilbur (R)
 attend an air show in New York in 1910 seven
 years after their first successful flight
 Wilbur Wright was Born on February 4, 1868
 Orville Wright was Born on August 19, 1871
 They lived with their Parents Bishop Milton
 Wright, his wife Susan and their sister,
 Katherine at 7 Hawthorn street in Dayton Ohio.
 Both were high school graduatesWilbur wrote church pamphlets for the Bishop
 Orville printed and published a newspaper Both ran the “Wright Brothers Cycle Shop”
 in 1899 Wilbur was 31 years old, Orville 28
 The Wright Brothers and the invention of the airplane

Page 2
                        

P3
 The Wright Brothers and the invention of the Airplane
 Wilbur becomes interested in mechanical flight
 1896 Lilienthal is Killed Wilbur concludes that control by shifting a pilots his weight is Not Safe
 Wilbur contemplates how control might be achieved
 Wilbur contemplates how a pilot might learn to fly
 Wilbur contacts the Smithsonian Museum to learn about other attempts
 Wilbur contacts Octave Chanute to learn of his achievements
 WILBUR TAKES A DIFFERENT APPROACH
 1 Airplane need not be STABLE ..It Must be Controlled by the pilot 2 Wilbur demonstrates Control in both Roll and Pitch with a kite 1899 3 Wilbur plans to fly stationary in strong winds on the crest of a slope 4 Wilbur seeks a location with strong winds, steep slopes, and soft sand
 Wilbur and Orville build their first glider 1900
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Otto Lilienthal Biplane Gliders 1891-1896 wing area 165 square feet
 P4

Page 4
                        

1896 Octave Chanute biplane Glider wing Area 165 square feet
 P5

Page 5
                        

1899 Wilbur flies Kite to test wing warping for roll control
 P6

Page 6
                        

1900 Wright glider - tested as a kiteWing Span 17 Feet, Wing Area 165 square feet
 P7

Page 7
                        

P8
 The Wright Brothers and the invention of the Airplane
 Flight Test Results 1900 Glider
 1 Lilienthal Airfoil lift data is wrong by almost 50% Wind Speed of 25 mph required (not 17 mph from tables)
 2 Lilienthal Airfoil Pitch data is all wrong Wing Airfoil is unstable .. The center of pressure moves the wrong way
 3 Wright Design works...pitch & roll can be controlled
 4 Flying Glider as a kite yields important data
 5 Flying as a kite allows Wilbur to learn to fly

Page 8
                        

1901 Wright GliderWing span 22 Feet, Wing area 290 Sq FT
 P9

Page 9
                        

Testing the 1901 Glider as a kiteThe angle of the strings show low lift and high drag
 Lilienthal’s data is wrong !!
 P10

Page 10
                        

Wilbur lands glider after successful flight
 P11

Page 11
                        

P12
 The Wright Brothers and the invention of the Airplane
 Flight Test Results 1901 Glider 1 Lilienthal Airfoil nearly uncontrollable in Pitch 2 Pitch is control regained when wright Airfoil Restored 3 Largest glider ever flown can still be controlled 4 Gravity is a reliable and steady source of power 5 lilienthal airfoil Data is most certainly wrong 6 Wilbur Presents paper before Aeronautical Society

Page 12
                        

The Wright Brothers and the invention of the Airplane
 Why the Wrights built a wind tunnel
 1 Glider Test of 1901 indicate errors in airfoil data Lift of the wing was much less than predicted
 Center of pressure moves in wrong direction
 2 Lift (pounds) = 0.005 Vsq x Area x CL
 0.005 = Smeaton’s Coefficient is wrong!
 V = speed in miles per hour
 A = Wing area in square feet
 CL = Coefficient of Lift P13

Page 13
                        

The Wright BrothersWrights mount a balance in front of bicycle to test airfoil data
 P14
 Conclusions reached from bicycle tests
 1 Lilienthal table showed balance at 5 degrees but the Wrights measured 18 degrees
 2 A flat Plate airfoil required 24 degrees to balance .... a curved surface produced more lift
 3 A long thin airfoil produced more lift than a square one
 4 The Lilienthal tables were wrong. He failed to take into accountthe pitch moment
 5 A wind tunnel would be neededto obtain reliable data

Page 14
                        

Wright Wind tunnel Balance using Dual ParallelogramsThe Wrights measure small forces accurately by balancing the force
 of 60 different airfoils to a fixed size flat plate in their wind tunnel
 P15
 Drag Force on the flat plate
 The Lift force on the test airfoil will rotate the parallelogram in a clockwise
 direction
 The drag force on the flat plate will tend to rotate the parallelogram
 counter clockwise restoring a balance with the angle of rotation equal to the
 ratio of lift to drag

Page 15
                        

1901 The Wrights build wind tunnel to obtain reliable aeronautical data- 60 airfoils tested
 P16
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P17
 The Wright Brothers
 and the invention of the Airplane
 Wind tunnel test Results 1902 1 Over 60 airfoils tested 2 The effect of Aspect ratio determined 3 the effect of multiple wings is determined 4 a simple way to test wing efficiency is found 5 The best airfoil for the 1902 glider is chosen 6 this is the best data available for the next ten years

Page 17
                        

Flying 1902 glider as a kiteWing Span 32 feet, Wing Area 320 Square Feet
 near vertical ropes show that lift is now much larger than drag
 P18
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Orville Learns to fly on 1902 flyer
 P19

Page 19
                        

October 18 photo of Orville and Dan Tate launching Wilbur on 1902 Flyer
 P20

Page 20
                        

1902 Wilbur glides above over the sands
 P21

Page 21
                        

P22
 The Wright Brothers and the invention of the Airplane
 Flight Test Results 1902 Glider
 1 the Glider performs as designed..Wind tunnel data OK
 2 the new glider is more efficient and easier to fly
 3 The movable rudder solves problem of adverse yaw 4 Orville Learns to fly
 5 The wrights are ready to add motor & propeller

Page 22
                        

P23
 The Wright Brothers and the invention of the Airplane
 Building the flyer 1 wing area increased to 500 sq ft: weight to 750 pounds 2 Motor and propeller to weigh no more than 180 lbs 3 Motor to develop 8 hp, propellers to yield 90 lbs thrust 4 Orville & Taylor build motor, 12 hp is achieved 5 Wilbur builds propellers. 120 lbs thrust @ 12 hp 6 Flyer is assembled at kitty hawk

Page 23
                        

Early Otto Cycle four stroke internal combustion EnginesIn 1876 when Wilhelm Maybach designed the first production Otto Engine it began a revolution in the development of the internal combustion engine. This 1250 pound 4.4 HP engine replaced current designs weighing over 4000 pounds. Six years later, after both Gotlieb Daimler and Wilhelm Maybach had left the Deutz Company to develop engines for automobiles, Maybach designed the first “ high speed” four cylinder motor. Both motors used Vacuum operated intake valves as was common the practice at the time. Both used hot tube ignition which limited rpm.
 1876 First Deutz Otto Cycle Engine 4.4HP @ 160 RPMDisplacement 372 Cubic Inches Weight 1250 Pounds
 1893 Daimler 5HP @620 RPM 146 Cubic Inches Weight 331 Pounds

Page 24
                        

In 1894 Daimler, concerned about the fire hazard caused by the hot tube igniters, switched to spark ignition which had been invented by Robert Bosch. This new ignition system removed the RPM limits of the hot tube igniters and allowed the development of more powerful high speed motors. In1901 the new Daimler 4 cylinder motor had a displacement 366 cubic inches and was producing 35 HP @ 1000 RPM. This motor made of cast iron weighed 535 Pounds. In 1903 Wilbur Wright and Charlie Taylor designed and constructed the first Wright aircraft motor in only six weeks. With a displacement 201 Cubic Inches it produced 12 HP @ 1200 RPM and weighed 180 pounds. (IN 1906 a modified version produced 24 HP @ 1300 RPM with no increase in weight)
 Orville builds engine for 1903 flyer
 The initial Wright design weigned 15 pounds per horespower by 1906 this was improved to 5 lbs per hp

Page 25
                        

1902 Wilbur Develops the first Aircraft propeller
 P26
 Prop Diameter = 28 inchesBlade Width at tip = 7 inchesFan Speed = 1600 RpmFan Thrust = 12 pounds Drive Power = 0.8 HP
 The thrust was found to vary as the square of the RpmWind Speed = 25 mph
 Prop Diameter = 8.5 feetBlade width at tip = 6 inchesBlade Area = 2 sq. ft.Prop speed = 245 RpmSpeed at C.P. = 61 mphNormal pressure = 12.4 lb./sq. ft.Thrust = 18.75 lbs.CL = 18.76/24.8 = 0.756Angle for airfoil #31 = 7.25 degMeasured torque = 3.5 lbsMeasured power = 0.58 HPL/D of propeller airfoil = 5.4
 The Wrights Estimated that the thrust required to fly the 925 pound 1903 Flyer at 24MPH was 90 Pounds. The speed at 330 Rpm at the center of pressure of the 8.5 foot wright props would be about 80 mph. The dynamic pressure on the blade would be 11 times that of the wings. The thrust required was estimated at 9.7% of the aircraft weight. The required blade area of both props would then be 0.88% of the wing area or 4.5 sq. ft. The 1903 Wright Propellers were 8 inches wide and had a total blade area of 5.4 sq. ft. The 12HP 1903 Wright Motor turned the Propellers at 350 rpm and produced 120 pounds of thrust.

Page 26
                        

Drawing of 1903 Wright Flyer
 P27
 Wing Span 40 ft
 Wing Area 503 sq ft
 Length 28 ft
 Weight 710 lb.

Page 27
                        

P28
 The Wright Brothers and the invention of the Airplane
 Modern analysis shows that The 1903 wright flyer produced enough thrust to accelerate to 31 mph against a 24 mph wind. It would not have been possible to accelerate to flying speed without a strong wind down the launch rail. Early tests in 1905 showed that a catapult was necessary to insure a consistant launch.

Page 28
                        

Wilbur’s first flight Dec 14 1903Stalled on takeoff - slight damage to forward structure
 P29

Page 29
                        

Wilbur takes off on historic flight dec 17, 1903
 P30

Page 30
                        

Wilbur Lands at end of historic flightHe flies 59 seconds at an average speed of 31 mph
 P31

Page 31
                        

1904 Flights resume at Huffman Prarie OhioIncreases in fuel and cooling water raised flyer weight to
 The engine cylinders were bored out 1/8 inch and both a fuel and oil pump were incorporated. This 16Hp motor produced 21 HP by the end of 1905
 P32

Page 32
                        

Nov 9, 1904 wilbur circles the field four timesUnable to count on the steady winds of Kitty Hawk
 The wrights Design a catapult to take off even in calm air
 P33

Page 33
                        

Three View Drawing of Final 1905 flyer On July 14 1905 Orville Crashes on takeoff. The rebuilt 1905 Flyer is now easier to fly.
 The wrights double the size of the elevator and move it 12 ft ahead of the wing. This change vastly improve the stability of the Machine
 P34

Page 34
                        

During a flight on Sept 28, 1905 Orville discovered how to get out of a spin. Now they could fly as high and as far as fuel allowed The Next day they proved to a
 large crowd of spectators that they had mastered the dynamics of flight.Within a week flights up to 38 minutes were achieved.
 P35

Page 35
                        

The Wrights build an aircraft motor
 1908 Wright Production motor 40 HP@ 1500 RPM Displacement 238 Cubic Inches Weight 200 PoundsThis new Motor was more reliable and acheived an impressive 5 lbs per hp

Page 36
                        

Wilbur flies in France August 1908All doubts about their first flight in 1903 are dispelled
 P36

Page 37
                        

Sept 1908 Orville Flies at Fort MyersOn his first flight Orville flew 57 laps of the field in 57 minutes
 P37

Page 38
                        

1909 Wilbur flies past the Statue of Libertymore than a million people witnessed the flight
 P38

Page 39
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 P39
 The AuthorRoland A. Boucher Irvine CA
 Mr Boucher is a Retired Engineering manager and licensed California Professional Engineer. He holds the patent for an electric powered aircraft and designed and developed and Demonstrated both an electric electric powered model aircraft in 1971 and a solar powered model aircraft in 1974. This Power Point Presentation was developed from the many view graph presentation Mr Boucher has given since 2003.
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The Wright Brothers and the invention of the Airplane
 P40
 1 First Flight - The Wright Brothers and The invention of the airplane2 Background3 Wilbur takes a different approach4 Otto Lilienthal 1895 Biplane Glider 5 Octave Chanute 1896 Biplane Glider. 6 Wright Kite 1899 Test of wing warping 7 1900 Wright Biplane Glider # 1 Wing Area 165 square feet 8 1900 Flight Test Results9 1901 Wright Biplane Glider # 2. 290 square feet 10 1901 Wright Glider - Flying it as a Kite to measure of lift and drag 11 1901 Wright Glider - Wilbur lands after successful glide12 1901 Wright Glider - Flight Test Results13 1901 Why the Wrights build a Wind Tunnel14 1901 Bicycle Wheel used to test lift of airfoil lift vs drag of flat plate 15 1901 Balance used to measure Lift and drag of a Number of airfoils16 1901 Wind Tunnel used to test both lift & Drag of 60 airfoils 17 1901 Results of Wind tunnel Tests18 1902 Glider New Design has much better Lift drag Ratio19 1902 Glider in September Orville learns to fly 20 1902 Glider October 18, Orville & Dan Tate launch Wilbur 21 1902 Glider Wilbur glides above the sands. 22 1902 Glider- Flight Test Results
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The Wright Brothers and the invention of the Airplane
 P41
 23 1903 Designing and Building the Flyer24 1903 The Internal Combustion Engine25 1903 Orville and Charlie Taylor Build Engine for Flyer26 1903 Wilbur Develops first Aircraft propeller27 1903 Drawing of 1903 Wright Flyer28 1903 Modern Analysis of Wright Flyer Performance29 1903 Wilburʼs first flight December 1430 1903 Wilbur takes off on historic flight dec 1731 1093 Wilbur lands at end of Historical Flight
 Developing a practical Flying machine32 1904 Flightʼs resume at Huffman Prarie With improved Flyer33 1904 on Nov 9 Wilbur Circles the field four times 34 1905 The Flyer is redesigned after Orville crashes 35 1905 Sept 28 Orville discovers hoe to get out of a spin
 Teaching the world to fly 36 1908 Wilbur Flies in France-all doubts are dispelled 37 1908 Orville flies at Fort Myers 38 1909 Wilbur flies past the Statue of Liberty 39 The Author & References
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Comparison of Otto & Daimler motors from 1876 to 1902 Wright motors from 1903 to 1908
 In 1903 Orville Wright and Charlie Taylor designed and built a light weight 4 cylinder aircraft engine which
 produced a power to weight ratio equal to some of the best race car engines in Europe. Over the next
 three years they would improve this motor, doubling its power to 24 HP without any increase in weight.
 In 1907/1908 the Wrights designed and built the 40 hp motor for their 1908 two place demonstration
 aircraft. This new motor produced more than three times the power of the original 1903 motor with only
 a modest 10 percent increase in weight.
 Year & Model Cylinders DisplacementCubic inches
 CompRatio
 Rpm PowerH.P.
 WeightPounds
 Lb/HP
 1876 Otto-Maybach
 1893 Daimler-Maybach
 1893 Daimler-Maybach
 1900 Damiler-Maybach
 1901 Damiler-Maybach
 1903 Wright Flat
 1904 Wright Flat
 1906 Wright Flat
 1908 Wright Vertical
 1 372 2.65 160 4.4 1250 284
 4 146 2.65 620 5 331 66
 2 49 2.65 800 4.2 183 20
 4 336 4.0 950 26 706 27
 4 366 4.0 1000 35 535 15
 4 201 4.5 1200 12 180 15
 4 208 4.5 1300 16.9 180 11
 4 201 4.5 1300 24 180 7.5
 4 238 4.5 1500 40 200 5.0
 P A10
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