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To Lee Kennedy and the men of his jolly green ship.
Who once set course for Black River,
And passed through fog and a sort of hail,
To bring a man a chair.





Acknowledgments

To my family: Chris, Ben, Jeff, and Kevin for their deep well of patience, and for supporting the project in all respects. One day we will fly together.

A snappy salute to my editor, John Flicker, who as a scout with the Eighty-Second Airborne has had his boots in the air as well as on the ground.

To my agent at William Morris, Jay Mandel, who over more than a year kept encouraging that “Helo” proposal to shape up and ship out.

To historians and helicopter experts, among them E. K. Liberatore, Marat Tishchenko, Jean Boulet, Bruce Charnov, Pete Gillies, Wayne Brown, Lester Grau, Jay Spenser, Michael Lynn, Patrice Bret, Roger Connor, Gordon Leishman, Ray Prouty, and Shawn Coyle.

To Dan Rudert, the first to open up the subculture of professional helicopter pilots for me.

To those who knew Igor Sikorsky—son Sergei, Harry Nachlin, Bob Kretvix, and others—and who told me of his life and times.

To Benjamin Harrison, Hank Emerson and his Recondos, army aviators, and civilians who lived through the Vietnam experience and who passed along their recollections.

For helicopter wranglers at the U.S. Bureau of Land Management, Haverfield, Angel City Air, and the 160th SOAR for giving me a chance to see a day in the life.

And finally, to Link Luckett, John Miller, and all Great Sticks: may your tribe increase.





CONTENTS


	
	Acknowledgments


	
	Introduction: “Why the Birds Sing”


	
	Chapter One: Preflight


	
	Chapter Two: The Icarian Sea


	
	Chapter Three: A New Natural Power


	
	Chapter Four: Breakout


	
	Chapter Five: Automobile of the Air


	
	Chapter Six: Jules Verne in a Suitcase


	
	Chapter Seven: Filling the Sky


	
	Chapter Eight: The Race


	
	Chapter Nine: The Tyrant


	
	Chapter Ten: Operation Chopper


	
	Chapter Eleven: Last Man Out


	
	Chapter Twelve: Back in the World


	
	Chapter Thirteen: Chariots of the Gods


	
	Chapter Fourteen: Something to Watch
Over Me


	
	Chapter Fifteen: The Great Stick


	
	Chapter Sixteen: Conclusion


	
	Appendix I: Timeline of the Helicopter


	
	Appendix II: Cast of Notable Helicopters


	
	Notes


	
	Bibliography








Introduction

“Why the Birds Sing”

Late in 1909, Wilbur Wright was in the process of training two army lieutenants to fly at College Park, Maryland. He took time on the morning of October 27 to offer a ride to a friend of his sister’s, Sarah Van Deman. It would be a historic opportunity, because no woman had yet flown from U.S. soil. Wilbur had already turned down a similar request from President Teddy Roosevelt’s daughter. After the four-minute flight, and after untying the twine around her ankles that had kept her skirts from billowing, Wilbur’s passenger alighted primly and told friends, family, and Army Signal Corps men, “It was delicious. Now I know why the birds sing.”

A little more than three decades later, pioneer helicopter designer Igor Sikorsky predicted in the Atlantic Monthly that helicopters “will destroy space for millions of people.” The phrase may have sounded ominous, but Igor was a man of peace and he only meant that distance would become irrelevant: in time almost anybody would be able to go about anywhere and helicopters would play an important part in that liberation. Throngs would work in the city, and at eventide would disband to homes in the country, some riding helicopter buses and perhaps a million families using private helicopters. The family copter could even have a balcony on the front. That way all those on their way to the countryside could enjoy the kind of breathtaking view that only helicopter front-seaters enjoy. The industrial and the pastoral would coexist in rotary-winged harmony. As Sarah Van Deman had phrased it, helicopter lovers—I call them helicoptrians—would learn why the birds sing.

We know now that a million families never went out and put money down for a helicopter; only a few thousand families have ever owned such a pleasure craft since the first private helicopter sold in 1946. Still, just about anyone with the money can rent a seat and ride along.

And sometimes we can thumb a ride, to a place like Alaska’s Lookout Ridge. Well north of the Arctic Circle, this silent, wind-burnished ridge is topped with orderly polygonal slabs of shale and tiny lichens. There are no trees, and little to block the view except more such ridges and rilles. Looking north, feeling the chilly June wind off Alaska’s vast northwest shoulder and with the cloud-shrouded foothills of the Brooks Range brooding behind us, I feel safe in saying that this JetRanger turbine helicopter has gotten the three of us rather far into Sikorsky’s wilderness. It’s a hundred miles from here to our base camp at Ivotuk and the camp is itself another two hundred miles from the nearest paved road. Twenty-three years earlier, I had spent a full week hiking and rafting a hundred miles through the Brooks Range. Today a hundred miles took one hour of flight time.

The helicopter costs the Bureau of Land Management $355 per hour in the air, plus a flat fee of $2,000 per day. That’s not counting the sky-high cost of fuel, which has to be flown up in bladders or barrels from far away. Technician Rachael Shields has come here to set up a small radio transmitter that will boost signals from distant archaeological field crews. Pilot Mel Campbell, Vietnam veteran and native of small-town Nebraska, removes a scuffed flight helmet with Mad Mel painted on the front and lugs bags and boxes from the cargo compartment to help. Sightseeing is not on the mission orders, but nobody’s stopping me from admiring the way that sunlight sweeps across the lowlands, which are striped with snow and bare patches of gravel. Caribou are closing in from the east and west. Other than we three, a heap of electronics, and the magic carpet sitting on a rocky outcropping, there is nothing in sight indicating that humans have left a mark on the Earth.

As the two raise the antenna mast and secure it with white ropes and stakes hammered into the shaly ground, the two rotor blades of the Bell flop in the cold wind. The turbine ticks softly as it cools. I hear frustrated remarks from the pair. Something is balking deep within the circuit boards of the repeater box and Shields cannot raise anyone on the North Slope using her plug-in radio. We load the tools into what passes for a trunk in a helicopter and climb in. Mel starts the turbine and spins up the rotor in a scrupulous sequence, using a digital timer on the instrument panel to let the turbine warm up, though he has started turbines thousands of times. We lift off and head south for camp. I ask him to explain what he is doing along the way, over the intercom. I will be training over the summer—learning why the birds sing and how helicopters do what they do, and want to vacuum up as much wisdom as possible.

While a helicopter can leap over lakes and mountains in a single bound delivering supplies or assistance, this happens mostly out of the public eye. The pro-helicopter crowd feels that the public didn’t appreciate the helping hand of helicopters until Hurricane Katrina, and will forget too soon that 200 private and government helicopters swarmed into southern Louisiana to lift 35,500 people from flooded roofs and streets in an effort that was heartwarming but also, at least during the early stages, fraught with danger from midair collisions.

“I’ve never witnessed anything like it,” military pilot Mike Chapman told the New Orleans Times-Picayune. “It was the busiest helicopter operation I’ve ever seen in the world, including Vietnam, including Iraq.” Helicopters were so critical, and ordinary affairs so upended, that for a few weeks their operators enjoyed a holiday from the kind of noise-driven public protest that had surrounded an effort earlier that year by New Orleans’ Ochsner Hospital to relocate its heliport to a residential area.

Well before Hurricane Katrina, the willingness to reach down from helicopters with that god-like grip included many other volunteer pilots. On his own initiative, news-copter pilot Bob Pettee rescued people during a 1992 flood in Southern California. Afterward he told the Los Angeles Times, “I was in Vietnam and I don’t need any hero’s song for this. There’s not a helicopter pilot anywhere that is not spring-loaded* to help somebody.” Which is not to say that all such impulses turn out well. In an incident the same year, private helicopter owner Harold Arbeitman crashed while trying to reach an injured boater on the Mississippi River. Safety experts call these White Knight crashes.**

Helicopters allow rescues once unthinkable, such as a December 1994 mission that required two Pave Hawk rescue helicopters to fly far from Nova Scotia, into a storm, after a distress call from the sinking cargo freighter Salvador Allende. No other aircraft or ship offered a timely chance of retrieving sailors from the fifty-foot waves of the North Atlantic. This fifteen-hour record-setting mission, reaching out 740 miles from shore and requiring ten midair refuelings (eight of them considered “critical”), recovered one survivor.

Sometimes helicopters go to sea with something else in mind. Late at night in late October and 100 miles north of Cartagena, Colombia, a fiberglass-hulled boat of the type known to international drug-busters as the “go-fast” was crashing through waves at speeds approaching fifty miles per hour. The three 200-horsepower Yamaha outboards could have pushed the boat when empty well past sixty miles per hour, but this one was loaded with nearly a thousand gallons of gasoline and 4,300 pounds of pure cocaine in mailbag-sized bales. The tropical night was a perfect cloaking device: moonless, thickly overcast, and therefore starved even of starlight. The five smugglers on board looked like a sure bet to deliver their $140 million cargo to a lawless stretch of Guatemalan coast for the transfer to truck or air transport. Such boats had been making runs out of Colombia with impunity through 1999. But this was 2004, and the boat’s position had already been picked up by distant radar and relayed to the cutter Gallatin. Now a deep blue light appeared off to the side of the boat, illuminating a U.S. Coast Guard logo on an Agusta-Westland MH-68 helicopter. The helicopter’s crew sent commands via bullhorn and radio, in English and Spanish, for the boat to heave to.

It didn’t stop. Using authority vouchsafed to him by radio and crouching in the open left-side doorway, gunner Jason Murphy fired warning shots from a light machine gun, placing the burst well ahead of the boat. The captain didn’t respond to that Morse-like message either, so Murphy picked up his next option: a gray, heavy bolt-action rifle. This was a Robar sniper rifle, firing standard .50-caliber rounds identical to those used by heavy machine guns. Murphy took aim at the engine block of one of the outboards. After Murphy’s first shot, the boat’s captain put the boat into a tight circle to throw off his aim. The helicopter followed the boat closely, at one point settling toward the ocean when it got caught in the downwash of its own rotor blades. The helicopter backed off. The helicopter’s fuel exhaustion, or some other in-flight emergency, was the go-fast’s only hope of escape now.

It didn’t happen. With nine deliberate shots, using a laser sight to fix his aim on the outboards despite the spray shooting up around the stern, Murphy destroyed each engine in turn. Each direct hit, causing a gusher of hot engine oil, showed up clearly on the side-looking infrared screen. The helo-sniper technique combining radar detection, helicopters, rifles, and a boat with a boarding party has worked every time, so far. At last report, the street value of all drugs intercepted this way was $8.5 billion.

Because of the aplomb with which helicopters pull people out of danger and strike down enemies near and far, they have become a real-life match for the Greek theatrical gadget known as the mechane.

No ancient mechane has survived the ravages of time, but we know from drawings that it was a counterweighted, pivoting crane whose tip went up and down when muscle power was applied at the other end. It was adapted from a device called the geranos, which Greek builders used for raising stone and wood. The mechane’s lifting arm was probably twelve feet long when first used at the theater of Dionysos Eleuthereus in Athens. Historians believe that the first play to employ it was authored by Aeschylus, a war hero among the Greeks for his role at the battle of Marathon. Precisely which production saw the first appearance of the special effect is unknown,1 but it could have been Prometheus Bound or Psychostasia.



The subsequent tragedian Euripides locked on to the mechane as a plot-changer also, even more so than had Aeschylus. In Euripides’ play Medea, the title character sets up a vengeful scheme to poison the new love interest of her husband (Jason, of the Argonauts) and then goes on to murder their own children in Corinth to torment him further. As Jason takes the stage to confront his wife, she appears overhead in a chariot marked with the sign of the god named Helios. Her chariot takes off for Athens, carrying away the corpses of their children as she gloats over Jason’s grief. The gullible among the ancient audience may have believed that the sun god Helios really had come down to Earth and was assisting the stage crew, but the stunt was due to the counterbalanced crane arm of the mechane.

Since the English word machine derives directly from the Greek term, this theatrical gadget is arguably the mother of machines. Roman playwrights embraced the device also and gave us the Latin phrase deus ex machina, meaning “god from a machine.” In fiction-writing parlance today it means any last-minute resolution or rescue.

Helicopters are the modern-day mechane. To be a god means to wield power, to change fates, to see into lives, and to have freedom of action. Helicopters facilitate all of these.

The biggest helicopters, which are the size and weight of semitrailer trucks, have pulled oceangoing freighters out of trouble. A chartered Russian Mi-26,2 the biggest rotorcraft in action, has gone into the mountains of Afghanistan to haul back a downed CH-47 Chinook.

A great deal of work was required to harness such energies while preserving the subtle touch that the controls on any helicopter must offer a pilot. Proof of difficulty is that 140 years passed from the first spring-powered model helicopters until the flight of a human-carrying helicopter. It’s ironic that the gestation of helicopters was so very slow compared to airplanes, because a pair of rotating wings was mankind’s first flying machine. The earliest example is an object unearthed at Oblazowa Park in present-day Poland. Radioactive carbon testing of the two-foot-long object, which was carved out of mammoth tusk, indicates that it was crafted 23,000 years ago. While the average citizen seeing the image of the Polish artifact might think “That’s a boomerang,” it was most likely a hunter’s weapon, thrown straight out to kill birds and small animals. To experts this device was a “throwing stick.” A boomerang, by contrast, is a recreational device that is shaped and weighted to follow a long looping path. If thrown overhand with sufficient skill, or luck, a boomerang will circle back to land peacefully at the thrower’s feet. If not, it can loop back energetically and whack the thrower on the head, even as he turns to run for shelter. Henry A. Wallace, initially secretary of agriculture to Franklin D. Roosevelt and later his vice president, loved boomerangs. Once he broke several fingers while catching one on the return flight.

Multiple ancient cultures independently created throwing sticks or boomerangs, including Egyptians, Paleolithic Dutch and Austrians, and Native Americans. The aborigines of Australia took the ancient technology to its highest level. According to the nineteenth-century missionary Henry Haygarth, a skilled boomerang-wielder could consistently hurl one around a house without it touching the walls.

Throwing sticks and boomerangs all possess wing-shaped ends, which generate a finely balanced lift as the device spins around its center of mass. Inventors of the boomerang may have been inspired by seeds of the maple tree. Maple seeds prove that a rotating wing can descend to a gentle landing, and more reliably than any parachutelike device. Similarly, all helicopters are designed around this “au-torotation” principle, so they can flutter to a landing even after the engine fails.

It is striking that for a field so ruled by unforgiving physics, a distinct streak of quirkiness, even obsession, runs through the biographies of many helicopter pioneers, such as V. V. Tatarinov, who in 1909 received money from the Russian War Ministry to build a helicopter. His craft had the shape of a small car with an airplane propeller on the front, topped by a crane-like affair that supported four lifting propellers. Upon looking the machine over, Russian war minister Vladimir Sukhomlinov decided to cut Tatarinov loose. A year later, Tatarinov—driven to “psychic disturbance” by criticism from the press—burned down his laboratory and the Aeromobile along with it.

Another who dreamed powerfully of helicopters was Irish-born inventor Louis Brennan. Even though his prototype helicopter of 1925 crashed during official British tests and eventually proved unable to keep up with advances by others, his story is relevant because he was keenly interested in the strange physics of rotating machinery—much more so than most helicopter tinkerers.

Brennan’s middle initial might as well have been “G,” for Gyroscope, since rotating toys captivated him as a child and they never lost their allure. Early in his career Brennan sold a gyroscopi-cally stabilized torpedo design to the British Royal Navy. It made him financially secure. As a gentleman inventor so typical of the age, Brennan went on to invent the Gyro-Car, a self-propelled railroad carriage that wowed onlookers during trials in England by balancing and running along a single rail. Whether moving or at rest, Brennan’s Gyro-Car was held upright by the cunningly exploited gyroscopic action of two massive, high-speed flywheels.* In one demonstration at his estate he placed his small daughter on a five-foot-long model and sent her out on a tightrope suspended over a small valley to demonstrate its poise.

Brennan also predicted that giant fortress-helicopters would one day shield the great cities of Britain from bomber attack. Such a rotationally obsessed person deserves honorable mention in a helicopter history because the single most important principle in understanding the helicopter’s behavior, which can seem bizarre if not controlled, is rotation. Hanging a fuselage under large, spinning blades allows humans to hover, but it’s only safe if someone pays close attention. Without special provision, helicopters are unstable when hovering and therefore take much time to master. When a helicopter is hovering under an experienced pilot’s fine control, parked in the air as if held by ropes, it may appear fully subdued but in fact is carrying a great deal of energy.

In August 1948 aeronautics expert Alexander Klemin published an article in the Scientific Monthly titled “The Helicopter Problem.” The purpose of his article was to explain why the craft had not yet taken to the skies in great numbers now that the war was over. His title is equally descriptive of the entire subject’s history. Experimenters spent many decades getting progressively larger helicopters to behave themselves in the air. They tackled early problems and solved them, but each resolution allowed a new set of difficulties to take center stage. Hovering an early helicopter off the ground for more than a few seconds was reason to celebrate, but freeing that aircraft from the surly bonds of earth allowed severe vibrations to take over. Over time this string of challenges changed from technical ones to tactical ones, and even to those of public relations. In that spirit, the sixteen chapters of this book are organized around a specific helicopter problem and its resolution. These are followed by a timeline of helicopter milestones.

The first chapter, “Preflight,” is an introduction to the working parts of the machine. The next two chapters cover the prehistory: the working models, balloons, gliders, and engines, along with the dreamers who laid the foundations. Chapter Four, “Breakout,” describes how experiments and understanding came together in the 1920s to yield workable if clunky machines. Then helicopters seemed to lose their momentum to a radically new rotorcraft from Spain (“Automobile of the Air”). At long last, travel-worthy helicopters arrived in the late 1930s, culminating in a streamlined design by Igor Sikorsky (“Jules Verne in a Suitcase”). Chapter Seven profiles inventors who began manufacturing true helicopters during the war, and Chapter Eight (“The Race”) describes how all those makers planned to churn up a huge demand and then satisfy it. As it turned out, the public loved to read stories about helicopters but didn’t line up to buy them. By late 1949 the industry was in a downward slide.

The following year the Korean War opened, and solved the problem of demand. Almost any production helicopter, even those with two or three seats, was bought in quantity for testing or, in some cases, for immediate use. Chapter Nine (“The Tyrant”) describes how the marines greatly expanded the usefulness of helicopters on the battlefield by delivering troops and supplies in the heat of battle. Helicopters offered commanders a chance to rise above the fog of war. “Operation Chopper” explains how in Vietnam the American military tried to apply lessons from Malaya and Algeria. Before the United States cut back its war effort, certain infantry units, such as the forces led by Colonel Henry Emerson, discovered new ways for helicopters to meet their combat potential. The following chapter, “Last Man Out,” leads to the helicopter’s final dramatic role in Vietnam: an escape vehicle for American citizens, their guards, and selected allies.



The chapter “Back in the World” narrates the spread of military-designed helicopters and military-trained pilots into the civilian market following Vietnam. The results were sometimes inspiring and sometimes tragic. Public opposition to heliports grew. “Chariots of the Gods” looks at the high costs of helicopters and the consequences. The next chapter (“Something to Watch Over Me”) argues that while some citizens worry about domestic misuse of government helicopters, their alter egos, called news-copters, are providing a way for citizens to keep a watch on government in turn, as those eyes in the sky go about their bread-and-butter work of gathering news about house fires, kidnapper-versus-SWAT standoffs, and car chases. The skills that distinguish the best pilots are the subject of “The Great Stick.” The conclusion compares the early predictions of mass helicopter use to the way things turned out.

In the end, chapters in a book are nothing more than stories flying in close formation, and helicopters can’t be grasped without spending lots of time with those who fly them. Whole bookshelves could be filled with helicopter technical manuals and manufacturers’ pilot handbooks, but much wisdom would still be missing. The culture of helicopter pilots moves via word of mouth: Which is the best helicopter on which to train? Can piston engines be as reliable as turbines? Can helicopters chop out their own clearing in a grove of trees? They recount the story of a big twin-rotor Chinook, an experimental gunship positively bristling with cannons and machine guns, that shot itself down over Vietnam. Of a gunship pilot who landed on his enemies to squash them when he ran out of ammunition. Of a “longline” helicopter pilot who forgot he was trailing a steel cable and cast himself into a river. Of a helicopter that lost power while hunting oil in the mountains and lodged perfectly in the fork of a tree.

The machines that catch our eyes now, so capable and powerful, so liberating to some and so awe-inspiring to others, all grew out of prototypes that, despite decades of trying, did not want to put anybody into the air. The few that rose off the ground tried to shake themselves apart. Inventors learned immediately that the job of transforming these wobbly endangerments into a chariot for gods would be an Olympian proposition.




* This expression among Vietnam-era helicopter pilots refers to a spring-loaded switch and warning horn on “Huey” helicopters indicating the main rotor was turning too slowly.

** In one particularly fateful turn of events, Senator John Heinz of Pennsylvania was killed in a collision after a helicopter flew close underneath his airplane. It was an attempt by the pilot to determine whether the Heinz airplane’s landing gear was down and locked in position.

* In one trial, 107 passengers crowded aboard the Gyro-Car. Brennan predicted that hotel-sized versions of such vehicles would cruise at 150 miles per hour between California and New York, vaulting canyons and rivers on single-rail trestles.




Chapter One
Preflight

Of all birds, winged mammals, and insects, very few have mastered the skill of pausing in midair and going backward as well as forward, so anything capable of such flight is, ipso facto, a rare beast. The ruby-throated hummingbird, which can hover with sewing-machinelike precision and also fly more than 500 miles across the Gulf of Mexico without a rest, is one such improbability. Helicopters are another unlikelihood. Explaining how the parts work together to do the unlikely is best approached by treating the helicopter as terra incognita, exploring it from the headland of its cabin to the archipelago of its tail boom.

This particular helicopter is white, and composed mostly of high-strength steel and aluminum. It is thirty-one feet long and seats two people, typically a wary instructor on the left and a trainee on the right, but it is also suitable for aerial photography and other daily errands. Anyone renting a Schweizer 300C for weekend travel will be traveling lightly, because there is no trunk for baggage.



I required a formal introduction to the Schweizer, because I would be flying one. The instructor I secured from Hummingbird Aviation, John Lancaster, had been a professional skiing instructor for twenty years in Vail, Colorado. Skiing injuries and a love of flight prompted him to seek out a new, and statistically safer, profession. He learned to fly helicopters in Florida at the world’s largest privately run helicopter school1 and came to Minnesota to share his knowledge. Typical students were those planning to fly for police departments, tourist outfits, or offshore oil companies. He favored shorts and sport shirts and, before getting down to business, displayed the cheery demeanor of a camp counselor. But he also had nearly a thousand hours of helicopter time and we were both mindful that I was not here to interview him; he was now my instructor. As when dealing with any rookie, his first job was to explain important parts of the ship.

Lancaster began my first lesson in the flight-school office by picking up a black-and-white toy police helicopter from a shelf and explaining basic principles of flight. Then he sold me a set of pilot books out of a glass showcase that looked to have been bought from a going-out-of-business sale at a jewelry store.

The helicopter he would train me to fly is of recent vintage but a lineal descendant of a 1956 model invented by the Aircraft Division of Hughes Tool. Beginning in 1964, the army used a military version called the TH-55 Osage* to drive thousands of new pilots through eighty hours of basic flying at Fort Wolters, Texas. The TH-55 was a light piston-engine helicopter and cost much less than a turbine-powered model to operate.

This session lasted an hour and was devoted to a four-page inspection checklist. It required a close look at every side of this helicopter, including the underside. It was so thorough that we might as well have been hunting for a small bomb that someone had tucked away on the aircraft. With this guidance, Lancaster said, I would know how to check out the machine for my own flights. It seemed to this novice that the whole machine is so small and so open to view that it can be taken in with a quick glance followed by a nod or a frown, but this is considered bad form.

Still, an open-minded, undistracted glance from thirty feet away is not a bad way to begin a preflight, Lancaster said. Sometimes it reveals immediately that something is out of whack, or missing, and a mechanic can be summoned sooner rather than later. We folded our arms and took it in, top to bottom. For all the publicity about helicopters black and deadly, this ranked no more than a 1 on the intimidation scale. It has the look of a dragonfly carrying saddlebags, which in this case are twin fuel tanks. It also doesn’t look radically more elaborate than a car, so I had to wonder why it costs a quarter-million dollars if purchased new. With an instructor, each hour in the air costs $300 in rental fees. Since helicopter pilots need to fly regularly to stay on top of their skills, winning the license is comparable to buying a fancy boat: the initial expenditure is steep and leads to still more spending.

The Schweizer sits on tubular landing skids that hold it high off the ground, giving it a poised and alert look. Above the cabin is an elaborate-looking hub gripping three airfoils that droop slightly. Each airfoil is a rotor blade, taken together they make a rotor. The extreme engineering challenges that are posed by spinning such large weights atop a hovering aircraft came as a complete surprise to the early inventors. When in operation the rotor rotates nearly eight times every second. Unlike airplane wings, which have a more generous curve on the upper side than the lower side, the cross-section of each rotor blade at the end is nearly symmetrical.

[image: ]

[image: ]

Pointing to the rear is a slender, tubular tail boom with a second set of rotor blades at the end, much smaller than the big blades on the main rotor. The tail rotor looks like an afterthought, but it is a technological survivor despite many attempts by helicopter innovators to get rid of it. The tail rotor’s side-thrust overcomes the powerful twisting force that would result if a helicopter had only one rotor atop its fuselage and nothing to oppose it.* Single-propeller airplanes would also have a torque problem were it not for the fact that their wings have enough leverage in flight to keep the comparatively small propeller under control.

Lancaster closed in to work the checklist. He squatted to point out the engine and its associated parts, nestled in a stout tubular frame under the cabin. It’s an aircraft engine, built for dependability and costing much more than a car engine. It burns eleven gallons of aviation gasoline per hour.2 We drained a pint of blue fuel into a plastic jar, checked for water that could kill the engine, then poured it back into the gas tank. Lancaster rapped on the tank, starting high to low, stopping when the sound changed from boom to thump. This verified the actual fuel level. He warned me not to place all my faith in the fuel gauge inside the cabin.

Of all the mistakes helicopter pilots can make, leaving the ground with too little gas for the trip is among the most embarrassing and avoidable. Despite the early freewheeling style of helicoptrians of the 1950s, who felt they could land about anywhere, today it is not acceptable to plan on refilling at a convenience store. That leaves mostly airports, except for the very few cities in the nation offering public heliports. A highly modified helicopter has flown without refueling for fifteen hours, but more typical is two to three hours of operation on a full tank.

We peered into the cabin to make sure the fire extinguisher and paperwork were where they belonged. The view of the outside world is impressive from the pilot’s seat, which in helicopters is on the right side of the cabin. The reason is that most pilots are right-handed and this arrangement allows these pilots to control the cyclic lever, which requires the most finesse, with their favored hand. In many conventional airplanes the pilot’s visibility is narrow, comparable to looking out from a foxhole with a low roof, but not so with helicopters. The control panel and instruments are kept to a minimum so they all can be packed onto a pedestal in the center. Everything else within sight is a plastic bubble or just open air, since pilots prefer to fly without doors whenever the weather permits. The seat belts are comparable to those in race cars.

Lancaster prompted me to check the engine oil, the transmission bolts, the emergency transmitter, the door hinges, and even the welds in the landing gear. We lit up the beacons and wiped the housings with rags. We wiggled cables, belts, rods, and ball joints. We looked at a frame holding the belts for the transmission; Lancaster recalled a case from the National Transportation Safety Board files where that frame broke and killed the pilot. Unlike gasoline-powered airplanes, where the propeller is bolted directly to the crankshaft, all helicopters must have reduction gears so that the rotor turns only a tenth as fast (or even less) as the engine. The reason is that slow-turning rotors are more efficient than fast rotors.*

Reading through the NTSB cases makes for an instructive evening,” said Lancaster, “but it can dampen your enthusiasm.”

We proceeded along the tail boom to the rear of the aircraft. Lancaster stopped for a lengthy discussion about the health and well-being of the tail rotor, which from our first glance at a distance looked to be little more than a set of striped lawn-mower blades. It’s not, said Lancaster. There are little rods and bearings that allow the tail-rotor blades to change their angle a little, or a lot, as the pilot steps on the tail-rotor pedals. It has its own gearbox and oil supply.

The tail assembly is so delicate and essential to flight that pilots have to order passengers to be mindful of anything that wind might scour from the cabin, in flight, when the doors are off. Murphy’s Law dictates that the slipstream will carry any such object straight into the tail rotor rather than allow it to tumble ineffectually to the ground. While there are verifiable wartime stories of Huey pilots who slashed through branches, even four-inch limbs, with their main rotors on the way down to a landing zone, no sane pilot would plan on chopping or even brushing anything lightly with the tail rotor.

Now fully two pages into the checklist, we reversed course and worked back toward the nose, along the right side of the helicopter. Lancaster pointed out a little window built into the tail boom and prodded it with a finger. It’s there for inspection of the tail-rotor driveshaft dampers. These are doughnut-shaped bearings that keep the tail-rotor driveshaft from wobbling, which was one of many problems to vex early helicopters. This brings up a principle applying to helicopter components and helps explain why everything in this avocation costs so much. Let’s say Part A is vital to flight. But Part A vibrates if left to its own devices and will crack if neglected, so we need a little Part B nearby, keeping Part A safe. But Part B is dogged by problems of its own, so we need a Part C, and sometimes even a Part D, to guard Part C.



Lancaster had me slide my fingers along a skein of steel control cables under the cabin to see if they had unraveled since the last pilot checked them an hour ago. They hadn’t. Now it was time to clamber up the rotor mast. Lancaster showed me where to put my feet so I could get a good look at the rotor hub without snapping something by stepping on it.

Sometimes places and machines are said to have a “heart,” which in a home could be a cozy kitchen. If helicopters have a heart, something that is unique and important to them in the way that a nuclear reactor is to a ballistic-missile submarine, it would be the rotor hub.

At the high point of this Schweizer, eight feet above the ground, three rotor blades are held in the bolted grip of a metal hub. Each nut has a little loop of safety wire to prevent it from wiggling loose. The white blades have the shape of long, slender wings, which is exactly what they are. The hub not only holds on to the blades despite extreme centripetal forces at full speed, the hub also allows the pilot down in the cabin to alter the angle of each blade in flight with extraordinary delicacy.

[image: ]



The hub is arranged so that commands from the cyclic and collective controls can pass through a rotating mechanism called the swashplate and out to the blades. The idea of the swashplate originated with windmill builders in the nineteenth century. If the lower swashplate pushes straight up or down, that changes the collective pitch of all the blades. If the lower swashplate tilts to one side, each blade must change pitch while it goes around.

[image: ]

The notion of two plates rotating against each other and forcing the upper one to follow the tilts and pushes of the lower one sounds cumbersome, but in a well-maintained helicopter the linkage is so precise that even imperceptible hand movements of the pilot have a prompt effect.

During flight, the entire loaded weight of the helicopter hangs from the hammer-forged assemblage of parts called the rotor hub. Turbulence or extreme maneuvers multiply that weight by G-forces, such that the hub of the massive Mi-26 cargo copter must be able to tolerate more than 100 tons hanging below. As Igor Sikorsky once said to a reporter who asked him what would happen if the rotor came off in flight: “That is not recommended.” The importance of a light, intricate, and yet strong rotor hub is another reason why helicopters cost ten to twenty times more than a car.

There was only room up here for one person to stand and Lancaster called up for me to shove the rotor around by hand, looking for anything wrong with something called the lead-lag dampers. These look like small, black hydraulic cylinders and sit near the base of each rotor blade. These humble devices keep the rotor blades from finding synchrony with the landing gear. Without them the helicopter would be at risk of going into a manic dance and rolling over on its side while just sitting on the ground and idling its rotors. Missing or failed dampers would pose a risk in the air also.

We finished the preflight in a little less than an hour. This seemed like a lot, but never fear, said Lancaster: After I gain more practice in peering, tugging, and wiggling, a thorough inspection at the start of a flying day will take only fifteen minutes. According to veterans, any time spent by a pilot in knowing every part of his or her aircraft will not be wasted. “They say you can teach a monkey to fly, but to know the systems is very important,” Alaskan pilot Mel Campbell told me while steering across the North Slope. “If you know what the aircraft will do in all circumstances you can save yourself.”

Lancaster escorted me to the school’s trailer-sized computer flight simulator, which at $100 per hour costs only a third as much as a real helicopter. We climbed into the miniature cockpit and I buckled my seat belt on the right side. The buckling amused Lancaster because the simulator offers no fancy actuators to make the little cabin rock and roll, as in an amusement ride. It has no more inclination to roll over than does my easy chair at home. The big image of a simulated Chicago O’Hare International Airport was bright and the computer was prepared to make the controls realistically frustrating to the novice. My job, he said, would be to maneuver around a simulated white bus, not hitting anything and not touching the ground.

The three main controls in the simulator’s cabin are laid out identically to the real thing. On the floor in front of each seat are two foot pedals, which turn the helicopter left or right. In front of each seat is a joystick coming up from the floor, called a cyclic. The cyclic controls horizontal motion by fine-tuning the pitch of the rotor blades as they go around. This tilts the helicopter slightly, sending it sideways, forward, or backward. In medium and large helicopters pilots would be quickly exhausted by the sheer physical effort of changing the blade pitch, so hydraulic power helps them out, similar to power steering in a car. Some early helicopters such as the
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Sikorsky S-51 had long sticks to give the pilot more leverage, for the same reason that big old Buicks and Fords once had big old steering wheels.

At the left side of the seat there is a black lever called the collective. This lever, which looks like a glorified version of the emergency-brake handle found at the side of drivers’ seats in some cars, sends the helicopter up or down by changing the pitch of all the main rotor blades at once. A twist-grip throttle, on the end of the collective lever, helps the pilot make sure the rotor’s rate of revolution stays within a “green” range. Bad things happen outside this range, particularly if the rotor speed drops too low in flight.

Flying near the computerized Chicago O’Hare went fine until I had to fly slowly and hover. I lost control in just seconds and the helicopter spun, climbed, scooted, and dropped. “Now you’re starting to see what you’re in for,” said Lancaster.

When Lancaster told me to make a wide circle around a bus I backed away from the vehicle unconsciously. This accelerated in an alarming fashion, as if I were caught in a repulsor beam, until I ran tail-first into a terminal building. After several of these incidents the simulator shut down—to cool off, according to Lancaster—but it could have been showing apprehension. I wondered how the real thing would go.

Lancaster said one of the first tasks of the rookie is to learn how the controls work in isolation; how they work together would come later. To begin, it helps to know that the pedals link only to the blades on the tail rotor. The cyclic and collective levers are connected only to the blades on the main rotor overhead. But everything is connected to the same engine; therefore, what happens to one moving surface must affect the others by increasing or decreasing the power available.

The secret of the tail-rotor pedals is easy to explain. Pushing on the left one makes the tail rotor dig deeper into the air. This adds a rightward thrust at the tail, which forces the helicopter nose to the left. Pushing on the right pedal makes the tail rotor ease off, and produces an opposite effect.

The cyclic and collective controls are a bigger challenge to explain, but an analogy helped me remember what they do. Imagine borrowing two canoe paddles. Stand with a canoe paddle in each hand, arms extended, and try to hold each paddle straight out, but only by holding the end of the handle. The paddles will droop despite your strongest exertions because no force is helping you hold them up. Those paddles act much like helicopter rotor blades at rest, which would also droop if not supported. Now go to a playground and stand at the center of a merry-go-round. If a friend begins spinning the merry-go-round, you will find that the ends of the canoe paddles rise up, as centripetal force draws them outward. You are imitating a two-bladed helicopter like the Huey.
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As the rotation speed increases enough, centripetal force will hold those paddles horizontally. Centripetal force is very important on helicopters too, since it supports the blades despite the weight of the helicopter they are holding up. If for some reason the engine was to produce too little power, the blades would hinge upward at the hub. The playground analogy also shines a light onto what helicopter controls do. On the merry-go-round you could twist your wrists just a little so that paddles bite more steeply into the air, or less steeply. On a helicopter the amount of twist is called blade pitch.
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Twisting both canoe paddles in the same fashion simultaneously— which has the effect of raising them up or lowering them together— is what the collective control does for a helicopter pilot. When the pilot pulls up on the collective stick, the pitch on all blades steepens and the helicopter goes up. Nothing is free in aerodynamics, and the extra drag acts like a brake on rotor speed, so the engine must work harder to keep the blades turning fast enough. The pilot’s cyclic lever also changes rotor-blade pitch but does it selectively: by causing the blades to have more lift on one side than the other, the cyclic makes the helicopter tilt a little and slide off horizontally.
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A rescue at the Ocean Express drilling rig shows how powerful yet precise these three controls can be with the right hands and feet on board. No other type of aircraft could have pulled it off, no matter how skilled the pilot. And this pilot was very good. Commander John M. Lewis of the U.S. Coast Guard got the distress call at 8:00 p.m. on April 15, 1976, while at Corpus Christi Naval Air Station. The Ocean Express had been under tow as a gale came up, but one of the tugs had been disabled and now the rig was listing and about to sink. It was a jackup rig, meaning that it had three giant legs built of steel lattice, something like giant crane booms. The 312-foot-long legs had been raised from the seafloor and now towered high over the rig. These three towers would loom like giant claws for any aircraft attempting to get in close. Lewis flew his Sikorsky HH-52 Sea Guardian, a single-engine helicopter, to the site forty miles east of the Gulf Coast. He made slow orbits, trying to make sense of the scene in the darkness and to calculate his odds of getting in and out. Only one man, Pete Vandicraft, the master of the rig, was still on board. Lewis made two attempts to get a rescue basket within Vandicraft’s reach, each time avoiding the three legs, which shifted as the rig slowly rolled over. Salt spray from the storm waves blew into the helicopter. Captain H. B. Thorsen, piloting another Coast Guard helicopter, turned on his spotlight. Vandicraft’s helicopter went out of sight in the spray and Thorsen thought the waves had claimed Lewis’s Sea Guardian entirely. The scene may have called to mind the legendary credo of the United States Life-Saving Service in the days of wooden lifeboats: “The regulations say you have to go out; they don’t say you have to come back.”

But the Sea Guardian appeared out of the spray like a surfacing submarine. Witnesses said they had never seen anything like it. Lewis made a third attempt, and came away with Vandicraft in the rescue basket. In departing, Lewis used the controls like so: He pulled the collective lever up to gain altitude, he pushed the tail-rotor pedals to maintain his direction as the rotor blades dug in, and he nudged the cyclic stick to move horizontally away from the wreck. “Piece of cake,” as pilots like to say. The rig sank thirty seconds later.


* It was a trainer version of the Hughes 269. Many pilots called it the “Mattel Messerschmitt.” When a small tornado passed over the Downing Heliport at Wolters on April 13, 1967, the storm damaged or destroyed 179 of them.

*One way to see the effects of uncompensated torque is by firing up a rotary lawn mower in the wintertime and pushing it out onto a sheet of ice. The lawn mower will spin in a direction opposite to that of the rotating blade inside.

* Helicopters will never match airplanes for speed and fuel efficiency. The reasons for helicopters’ lower efficiency include air resistance from the rotor mast and the rotor hub, and the fact that the rotor blades can’t pass through the air as smoothly and uniformly as airplane wings. And some power must always be wasted as a result of the fact that a portion of every rotor blade spends part of its time flying backward.




Chapter Two
The Icarian Sea

In 1714 the French writer known as Marivaux gained a measure of fame with a short novel whose title translates as The Coach Stuck in the Mud. In the book, five men and women are riding via stagecoach to the city of Nemours. On the way the coachman hops off to do some drinking, which leaves the horses to steer themselves. The coachman wrongly assumes that the horses will manage fine until he catches up on foot. But in time the horses stray off the road in search of grass, which plants the vehicle immovably in mud. Unable to locate their coachman, the passengers walk off to an inn, where they spend all night telling stories.

Marivaux’s plot device, along with many such tales of mishap and misery by coach, rang very true for European and British readers through the end of the eighteenth century. Though sailing ships crossed five hundred miles with speed and dispatch, anyone expecting to travel such a distance by land faced weeks of travail, even when taking the express vehicles called flying coaches. Railways and train stations lay years in the future.


The onset of manned balloon flights in 1783, organized by Joseph and Jacques-Étienne Montgolfier, appeared to open another avenue for travel, but balloons moved at the whim of the winds. During a test flight the previous winter, their hot-air balloon had broken from its tether and landed a mile away, terrifying onlookers. Therefore, not long after manned balloons began rising majestically over the cities of Europe and capturing the public imagination in a way no other breakthrough ever had, a handful of experimenters in Europe began thinking about alternatives to the classic balloon.

One of those possibilities was a mechanically powered air-carriage, literally a “flying coach.” Experiments in Russia at the middle of the eighteenth century suggested that devices topped by spinning rotors might one day be able to raise themselves off the ground.*

Unfortunately, Mikhail Lomonosov’s “aerodromic machine,” as demonstrated to the Russian Academy of Sciences in 1754, couldn’t do more than dangle on a string and demonstrate a modest amount of lift. The hotheaded1 Russian had too many other projects underway to perfect his model, but two Frenchmen took up the challenge during the heady months just after the first balloon flights and before the Reign of Terror.

What the two men built was approximately a foot wide, and had two counterrotating rotors, one upper and one lower. Each rotor had two blades made of wood and silk.** It was powered by a small bow, made of whalebone, which when bent stored up energy like a wound steel spring. The energy was delivered to one rotor through a bowstring. The two inventors, named Launoy and Bienvenu, demonstrated their gadget in front of a committee of the French Academy of Sciences on April 28, 1784. A member wrote this in a report filed four days later: “The unbending bow rotates rapidly, the upper wings one way and the lower wings the other way, these wings being arranged so that the horizontal percussions of the air neutralize each other, and the vertical percussions combine to raise the machine. It therefore rises and falls back afterward from its own weight.”
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Though not many people paid attention to non-balloons during the excitement of the Balloon Age, it was the first workable helicopter in history, and it also made the first verifiable free flight of any power-driven aircraft.*

The toy-like device of Launoy and Bienvenu was even more important in the way that, years later, it drew certain people into aviation at an early age. Helicopter history books have no more to say about these two other than to list their last names and say that Launoy was a naturalist and his partner was some kind of mechanic. No first names or any biographical details are given in these brief references.

Fortunately, more information than that can be teased from the manuscripts, periodicals, and books of pre-Revolutionary France.

Bienvenu was the artisan-entrepreneur François Bienvenu, born in 1758. Bienvenu kept a shop at No. 18, Rue de Rohan, in Paris.2 He was in the business of making and selling scientific instruments, electrical gear, and gadgets appealing to the public’s love of science. It was an immensely exciting time, when people from all economic strata sought to understand, or at least be cocktail-conversant with, the latest discoveries in science and nature. One of Bienvenu’s popular products was a suitcase-sized physics-experiment kit targeted at wealthy Parisians who wanted to amuse guests at their country retreats.

For a modest price Bienvenu offered popular lectures on physics, which he convened in his shop as a way to draw floor traffic for his goods. Such courses were extraordinarily popular at this time of the Enlightenment. Other mountebanks set up tables and held their scientific demonstrations in the street: for a small charge, some would administer an electric shock, or demonstrate how a jar of hydrogen sulfide gas would reveal invisible writing, or allow a peek through a telescope or a microscope. While most street-side science displays had the look of carnival acts rather than lectures, ordinary people expected some useful information along with the entertainment, even to the point of attending long talks about mathematics.

Considerably less is known about Bienvenu’s partner. In all the publications that he is known to be connected with, including a receipt he signed in January 1785, he declined to provide a first name. Nowhere did the helicoptrian Launoy write down a place of residence, a hometown, or any other details of his origin. Though he listed his profession as naturalist, Launoy is not listed in directories covering French naturalists of the era. A newspaper advertisement that Launoy published in 1784 indicated that he could be contacted through the Bureau of Mineral Waters in Paris, an agency that policed mineral-water spas to block false claims and sales of bad water. However, the records of that bureau and its parent organization show no such employee.

The enigmatic experimenter may have been a nom de plume of Claude Jean Veau de Launay (1755–1826), a naturalist and scientist who was active in Paris at the time. There is circumstantial evidence that Veau de Launay had a connection to François Bienvenu: Veau de Launay grew up in the town of Sainte-Maure en Touraine; this was also Bienvenu’s hometown. Bienvenu was a builder of electrical instruments; Veau de Launay had a strong interest in electrical instruments and published a catalog that mentioned Bienvenu’s gear.


In June 1784 François Bienvenu and the mysterious Launoy arranged a public showing of a device with the redundant name of the Machine Mécanique. The locations were Bienvenu’s shop and a coffeehouse in a center of entertainment and shopping known as the Palais Royal. (The Palais Royal was something like a shopping mall for the Ancien Régime, though bawdier. In July 1789, this same neighborhood would see the Revolution ignited, hearing the first infuriated cries for liberty, equality, and fraternity.) At the price of a few coins the two men sold a promotional brochure, which was written to generate backing for a larger, man-carrying model. The sales pitch did not bring in the money required, but the Launoy-Bienvenu helicopter model began making its mark on aviation history by catching the interest of a young man in Yorkshire, England.

His name was George Cayley, born in 1773. Just as the young Wright brothers would later be pulled into aviation by a similar tiny helicopter model, the Launoy-Bienvenu helicopter model inspired this youngster to take a lifelong interest in flying machines. At the age of twenty-three, in two hours of work he assembled a whalebone-bow-powered helicopter styled along their creation. As Orville Wright said, this country squire “knew more of the principles of aeronautics than his predecessors, and as much as any who have followed him up to the end of the nineteenth century.”

Cayley had the time to work out principles of unmanned flight, along with many other speculative subjects, because he had inherited a stretch of farmlands in Yorkshire and Lincolnshire, along with the title of baronet, from his father. Others in his position might have dawdled away the pleasant days in comfort, but Cayley devoted his life to the goals of a group of idealists called the Non-conformists. Non-conformists believed that people in a privileged position had a special duty, perhaps a right, to move civilization forward. In a long career of invention and discovery in the hinterland that makes him look like a character out of a novel by H. G. Wells, Cayley invented caterpillar tracks for tractors and tanks (he called it “the universal railway”), self-righting lifeboats, and an artificial hand. He drew up seat belts and automatic signals to make railway crossings safer. While working on landing gear for his aircraft, Cayley created lightweight spoked wheels that in time would lead to bicycle wheels. He also served as a member of Parliament and helped found the Polytechnic Institute in London.
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Cayley was a methodical man who desired to take the measure of things, such as the number of wing strokes per second for pigeons. In March 1808 a neighbor in Brompton might have seen Squire Cayley sprinting for fifty yards in knee breeches and shirt while gripping a stopwatch. He wanted to measure the maximum velocity that an average human could contribute toward the takeoff of a man-powered aircraft.* Cayley once recorded the growth of his fingernails to determine the time to grow one full thumbnail: it was four months. Cayley was a fly fisherman and upon examining his catch one day, surmised correctly that the proportions of trout bodies would be a better shape for the fuselages of aircraft than bird bodies. From his examinations of birds Cayley drew conclusions about the best profile of an aircraft wing. He turned to the whirling-arm rig, testing a wing modeled on the crow. Later helicopter inventors Principal helicopter-types
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Single main rotor (Bell JetRanger) Side-mounted rotors (Focke-Wulf FW 61)
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Coaxial rotors

Tandem rotors (Boeing CH -47)

Intermeshing rotors would use whirling-arm rigs in their day also. Today’s researchers depend on computers and wind tunnels.3

Cayley was the first to apply a whirling-arm rig to study how air flows past objects, called aerodynamics. When using the rig, the object to be tested is fastened at the end of a pole. The experimenter stands back and sets the rig to spinning with the help of a falling weight (as Cayley did) or, for larger rigs, with waterpower or a steam engine. Using such a rig, Cayley could check for lift and air resistance under varying speeds, wing shapes, and wing angles. He used the information to improve his first scale-model glider, which he tested in 1804. Cayley realized that the undersides of glider wings should be curved slightly, in concave fashion, because bird wings worked this way. Beginning in 1809, drawing on his experiments, his correspondence with other scientists, and his exhaustive reading in the field, Cayley published a set of papers titled “On Aerial Navigation,” now recognized as the first scientific description of aircraft flight. Cayley identified four distinct problems and went on to sort them out mathematically: they were lift, drag, weight, and thrust.

Cayley built two human-carrying gliders, the first ever to fly. One swooped down a hillside at Brompton Dale in 1853, carrying a servant not named in his otherwise copious notes.*

Cayley knew from his experiments that something would have to replace steam engines before aerial navigation would be practical. In 1807 Cayley experimented with an internal combustion engine that burned one pound of gunpowder fuel per minute, but mechanical problems prompted him to drop the work.

While Cayley made more progress with airplanes than he ever did with helicopters, he reached out to that field as well. In the April 8, 1843, issue of Mechanics Magazine, Cayley published a detailed design for a boat-framed, beak-nosed helicopter, which he called the Aerial Carriage. He proposed one set of rotors for lift (called the elevating fliers) and a smaller set for propulsion once aloft. It would bring freedom to roam throughout the atmosphere.4

When Cayley died in 1857, helicopter designs were multiplying rapidly—so rapidly that the only way to make sense of how development proceeded is by grouping the helicopters in the way that biologists sort through fish and fowl. A simple taxonomy will help keep the profusion of proposals straight.

Any functional helicopter must have rotors for lift and control, some kind of engine, a mechanism for controlling altitude and direction, and a frame to hold everything together. A rotor is a set of blades mounted on a hub that spins, whether or not it produces lift. A ceiling fan is one type of rotor; a lawn mower is another. There are five ways that helicopters can combine these elements and still hop into the air. The five types of helicopters are single main rotor, coaxial, side-rotor, tandem, and intermeshing.

The single-main-rotor helicopter is the most common. News helicopters, medical helicopters, and personal helicopters are all of this type, meaning that one main rotor provides all the lift.

If there is to be more than one main lifting rotor, these must come in pairs, and furthermore each member of a pair that is driven by an engine must turn opposite to the other. Otherwise, in a demonstration of wrathful physics, the aircraft will spin out of control because every action has an equal and opposite reaction.

The subject of paired rotors leads to the second major type of true helicopter, the coaxial one. Coaxial refers to rotating items that share a common center of rotation. Take the face of a mechanical alarm clock: the minute and hour hands have coaxial spindles. To understand how the coaxial design might work on a helicopter, think of modifying a standard beach umbrella like so: slip a short metal tube over the wooden shaft of the umbrella and attach a second canopy to the upper portion of that outer tube. Now there are two concentric shafts, capable of rotating independently, each with an umbrella canopy, spaced about a foot apart. With a little gadgetry and gearing it would be possible to make the stacked, coaxial umbrellas spin in opposite directions. A helicopter with two rotors in a coaxial layout doesn’t need a tail rotor, so it is more compact. This is good. But engineering is trapped in a world of trade-offs, and coaxial helicopters have other difficulties, such as a tendency for the upper rotor to throw unwanted turbulence on the lower rotor. Also, coaxial rotors, if placed too closely, can crash together.


Side-rotor helicopters rely on pairs of lifting rotors mounted on wings or side-booms. Cayley and many others assumed this was the most stable arrangement. The first successful German helicopter was of this design.

Tandems are the fourth class of helicopters. A tandem helicopter has a pair of lifting rotors spaced front to back. The CH-47 Chinook and CH-46 Sea Knight are tandem helicopters.

If the rotors are brought very close together it is an intermeshing-rotor helicopter, the fifth class of helicopter. If the two rotors are angled slightly outward, the hubs can be located just a few feet from each other without their long blades colliding. Intermeshing designs are now rare.

Using this taxonomy to classify the many helicopter designs after Sir George Cayley primed the pump, the great majority of designs that appeared were side-rotor helicopters. This seemed the stable and logical way to go. Such aircraft appear more symmetrical than single-main-rotor helicopters do, and this is perhaps why they held a strong attraction for engineers up through 1900. To novices, having a pair of lift rotors may also appear to offer redundancy, a chance for a safe landing in case one rotor breaks away, but that’s an illusion. If any lifting rotor fails in flight, a multiple-rotor helicopter will go fatally out of balance unless it has so many main rotors that losing one or two won’t make a difference. While Jules Verne dreamed up such a many-rotored aircraft, the Albatross, no helicopter has flown with so many rotors.

Despite the general agreement on the need for multiple lifting rotors, the details remained elusive. Early inventors including Paul Cornu assumed that pilots could control their ships by changing the speed of the rotors with a throttle or by using rudder-like vanes below the rotors to deflect the airflow. Neither method yielded a controllable helicopter.* Adding or cutting back on a throttle acts too slowly to offer the pilot good control, because the rotor has too much momentum. While vanes can control a hovering helicopter, they work poorly after the helicopter begins moving forward through the air. But there were older ideas about how to operate a helicopter with exquisite control. These concepts would come forward in due time. One of the most promising concepts came out of the windmill business.

Following the bowstring-powered helicopters popularized by Launoy and Cayley, the next set of models experimented with tipjet designs, whose rotors were powered by thrust coming out of nozzles. Horatio Phillips of England relied on combustion gases generated by burning a gunpowder-like mixture inside a chamber. Witnesses said his coaxial model of 1842 rose into the air and traveled some hundreds of feet before crashing; if so, it was the first helicopter to operate on chemical rather than stored mechanical energy.*

The potential of new fuels interested Mortimer Nelson of New York City, who won a patent for his Aerial Car in 1861 (a side-rotor design) and immediately set off in search of $10 million in capital. Nelson held in his hand the first American patent issued for a heavier-than-air flying machine.5 He was a printer of greeting cards in lower Manhattan, located at 444 Broome Street, a few doors off Broadway. His business prospectus is of interest because he was one of the first in the field to give serious thought to the practical problems of rotary-winged flight.

Nelson planned an aircraft about thirty-three feet long, weighing a half
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