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     CHAPTER 1


    




    Early Experiments




    The Genesis and Practice


    of Low-Level Attack,


    1910–18




    In trying to trace the origins of dive bombing, one is immediately faced with a mass of conflicting evidence. Just as it is almost impossible to find anyone who agrees on the diving angle at which dive bombing begins, so no two historians agree on who invented this method of attacking surface targets. The majority of published sources conclude that the U.S. Marine Corps should be given the credit. My own research suggests that this widely held belief is false, and my case is set out in the following chapters.




    No study of dive bombing can exclude the concept of low-level attack in general. The two are so intertwined, especially in the formative years, that a basic outline of low-level bombing is essential for a complete understanding of dive bombing. I do not, however, intend to look closely at ground-attack aircraft and methods, but only to record those initial operations and experiments from which dive bombing evolved. For those seeking further information on ground attack, there are several excellent books on the subject.




    What angle of dive is required for true dive bombing? This is perhaps the most vexing question of all and that which provokes the most discord. The British Air Ministry produced three definitions, all of which were accepted by other nations at one stage or another. Shallow glide bombing: the bombs are released while the aircraft descends at an angle not greater than 20 degrees. Steep glide bombing: the bombs are released while the aircraft descends at an angle of between 20 and 60 degrees. Dive bombing: the bombs are released while the aircraft dives at an angle of between 60 and 90 degrees.




     But to confine these studies to operations meeting only the third definition would exclude a number of significant developments. For example, perhaps the most famous dive bombing attack by a British force was the sinking of the German light cruiser Königsberg. Under the RAF’s rules, we would have to ignore this watershed completely, since the Fleet Air Arm (FAA) Skuas that carried out this daring and successful assault approached at angles between 40 and 70 degrees. Again, can one ignore the operations by aircraft designed solely as dive bombers, but which were in fact carried out in the traditional ground-attack manner, as with the U.S. Marine Corps’ SBD missions in the Philippines in 1945? Overlap is unavoidable. Hardly known as a dive bomber, the British Spitfire carried out important sorties in this role, diving at angles above the 60-degree mark. The prewar RAF tested the Fairey Battle and even the Hand-ley Page Hampden at angles of 30 to 40 degrees to see how they would perform as dive bombers.




    Who invented dive bombing? The most accurate answer is probably that of historian Lee M. Pearson, who said, “No one knows who first turned his plane nose down and dove nearly into the ground to hit a pinpoint target with bombs.” There are still books that claim that the U.S. Navy invented dive bombing in the 1920s, but we can dismiss such assertions as parochial wishful thinking rather than history.




    Although an earlier reference to the issue of a “dive bombing patent” on December 9, 1911, in Great Britain to Alexander von Willisch of Wilmersdorf was investigated, examination revealed it to be a red herring. More significant was the subsequent issue of Patent No. 15,871 on July 9, 1914, to Henri Coanda. This French engineer filed a patent for what was, in fact, an automatic bomb-or projectile-discharging tube designed particularly for air attacks on ground targets. Although clearly not specific to dive bombing, this so-called “complete means for discharging projectiles from aerial machines” is of great interest as a pioneering ground-attack system. It was probably far too heavy and cumbersome for application to aircraft of that period, but it was a far-sighted effort at a time when bombs were often dropped by hand.




     A more primitive means of enabling the missile to reach its target from the sky was being practiced in the Mexican Civil War (1913–15). An American aviator, Leonard W. Bonney, was scouting around Mexico City, Yucatan, and Tampico using a Moisant aircraft. But he by no means restricted himself to scouting and has one of the best claims to be the father of the dive bombing technique. He carried out bombing missions with spherical dynamite bombs designed by Mexican engineers. The explosive was fired by a pin, which exploded a rifle cartridge.




    His usual method of attack was to fly at between 1,200 and 1,600 feet to avoid clouds. He thus learned the major lesson of aircraft vulnerability, for his machine was frequently shot up by rifle fire. He returned from one trip with eleven bullet holes in his aircraft and a severed spark plug wire. But it is the eyewitness descriptions of his bomb-dropping methods that are of the greatest interest, for they state quite clearly that Bonney dropped his bombs himself at the end of a dive, before he leveled out and that he employed no sighting or other device to assist in this.




    Early in World War I, the French War Office reconnoitered the German airship hangars at Metz in preparation for their destruction. When the attacking aircraft arrived over the target, its engine failed at 8,000 feet. Some quick thinking followed, and according to a contemporary account, the pilot, not wishing to fall before executing his mission, volplaned—i.e., descended by glidiing without the engine—and while doing so, he dropped his bombs. Smoke from antiaircraft fire obscured the results, but it was believed at the time that the French pilot had hit his mark.




    One of the most daring and successful of these early attacks was carried out by Flight Lieutenant R. L. G. Marix of the Royal Naval Air Service (RNAS) against the Zeppelin shed at Düsseldorf on October 8, 1914. Piloting a Sopwith Tabloid, one of the most advanced aircraft of the period, Marix took off from Antwerp armed with 20-pound bombs and arrived over the sheds in misty conditions. Once in position, he dived to an altitude of only 600 feet and released his Cooper bombs. Direct hits were scored, and the shed collapsed, with the flames rising to a height of 500 feet. Despite a barrage of defensive fire, Marix managed to withdraw safely from the target, although his aircraft was hit. This brilliant attack was later found to have resulted in the destruction of the new Zeppelin Z-IX, which had only just been completed and placed in the shed.




     A contemporary assessment of the raid concluded that the results showed the advantages of Marix’s approach and, therefore, that aircraft had to descend at a perilous attitude to achieve accuracy.




    The same methods were used with similar success in an attack the following month, again by the Royal Naval Air Service. The aircraft used were Avro 504s belonging to a special unit formed at Manchester. Carrying four 20-pound Cooper bombs in improvised racks mounted under their lower mainplanes, the four aircraft flew 120 miles from Belfort to the Zeppelin sheds at Friedrichshafen, Lake Constance, on November 21. Although one aircraft had to turn back, the remaining three—piloted by Squadron Commander E. F. Briggs (873), Flight Lieutenant S. V. Sippe (874), and Flight Commander J. T. Babington (875)—continued to the target. After a low-level approach across the lake, at five miles from the target they climbed to 1,200 feet to deploy for the bombing run. Once in position, the three aircraft dived down to about 700 feet and released their bombs. One bomb failed to release, but all the others fell within an area of 700 yards around the works and sheds. Two fell on the sheds themselves, one greatly damaging a Zeppelin under construction; a gas works was also destroyed.




    As early as December 1914, a writer in a British magazine was discussing the merits of diving attacks as a means of achieving accuracy, arguing that when gliding from a height, with the aircraft under power, the tangent to the trajectory and the axis of the machine would gradually become parallel and therefore accuracy of aim would be increased when flying low and at high speed. He concluded that for the best results, the bomb should be released at the end of a dive of 500 feet, right when the axis of the aircraft was pointing at the target.




    That diving attacks were far from rare is illustrated by the following journalistic reports describing sorties of this kind:




    French and British pilots did some very daring bomb dropping in the first year of the war. Arriving over their objectives, they dive to a height counted by a few hundreds of feet with engines full on, reaching almost incredible speeds as speeds were then regarded, and releasing their bombs at what they thought the crucial moment before making the best of their way out of the danger zone.




    An English warplane hovered over Zeebrugge and, defying the concentrated fire, made a sudden dive to within 300 feet of the ground... the airman coolly dropped his bombs at short range on a submarine moored alongside the mole.




    Despite the above examples, it was not dive bombing that developed as the principal aerial tactic of World War I, but rather strafing, low-level ground-support missions by fighters and light bombers. Although it was again the British who first developed this form of warfare and later perfected it with great effect, Germany, France, and later the U.S. all experimented with the method and made extensive and effective use of it during 1916–18.




    Perhaps the first indication of this use was contained in a memo originated at Royal Flying Corps (RFC) headquarters in October 1914 and sent to Major Musgrave: “Several instances have occurred lately in which targets suitable for attack have been passed over without any action being taken. In future all aeroplanes carrying out reconnaissances will carry bombs and whenever suitable targets... present themselves they should be attacked by dropping bombs.”




    The momentum soon increased. A directive from the same source in February 1915 stated: “Accuracy to within fifty yards is essential. If it cannot be obtained from heights of 5,000 to 6,000 feet, the target must be attacked at low level—500 feet.”




    From the time of the Somme offensive (1916) onward, the mass use of fighters for strafing missions had become firmly established. The results were often spectacular, as with No. 43 Squadron during the Third Battle of the Scarpe on May 3, 1917.




    One historian noted how, at the battles of Ypres and Cambrai in 1917, strafing had become a significant factor in the fighting. This was emphasized by the part the fighter-bombers played in breaking up the German offensive that began in March 1918, when the RFC’s attacks often prevented the British retreat from becoming a rout.




    Nor were the Germans slow in adopting such measures, and at Verdun in March 1916, their own scouts were employed in a similar manner. Formed into special Schlachtstaffeln, the German scouts were used en masse during the 1918 breakthrough. The Germans also developed special aircraft with armor protection for low-level attacks, an idea that the British copied after the war with the Salamander.




    When the fledgling U.S. Air Corps arrived on the Western Front, General Billy Mitchell was profoundly impressed by these methods and formed strafing units, which made their debut at the St. Mihiel salient in the summer of 1918.




    Farther afield, the British gave striking demonstrations of the potency of this form of attack against unprepared troops, and three of the most notable incidents took place at the end of the war. The Turkish troops trapped in the defile northeast of Nablus on September 21, 1918, were subjected to five hours of concentrated strafing, at the end of which they had become “a dispersed horde of trembling individuals, hiding for their lives.” The armies of Austro-Hungary broke and fled after the battle of Vittorio Veneto, and a similar retribution overtook them on October 29–30, 1918, when their fleeing columns were caught on the Conegliano-Pordonone road. Finally, again on September 21, 1918, the ill-fated Bulgarian Army met the same fate in Macedonia’s Kosturino Pass.




    As effective as this form of attack proved to be, it was also extremely expensive to the attacker in terms of men and machines. Wing Commander Slessor made this very point between the wars when explaining in a series of lectures just why the RAF was at that time no longer interested in following such a policy in future wars. He said that at Cambrai casualties in the British strafing squadrons averaged about 30 percent per day, and similarly ghastly losses were incurred during the low-flying attacks carried out during the March retreat and the Amiens offensive of 1918. He cited the example of No. 80 Squadron in 1918, which he said was almost continuously in action from the beginning of the March retreat until the armistice in November. Their average strength was twenty-two officers, and during those final ten months of combat, no fewer than 168 officers were struck off the strength from all causes, an average of about 75 percent per month.




    It is therefore obvious why the policy lost its appeal after the war. Its fall from favor was accelerated by the embracing of Hugh Trenchard’s conception of future warfare, which the British general saw as being won by the heavy bomber unaided by armies or navies. This doctrine, the cornerstone of interwar RAF policy, saw little need for any kind of ground-attack capability. The dive bomber, although not strictly a ground attacker, suffered for the same reasons.




    Nonetheless, the RFC and the infant RAF had done much to test the dive bombing concept in the latter stages of World War I, even if they subsequently turned away from it.


  




  

    




     CHAPTER 2


    




    Birth of the Dive Bomber




    British Pioneering Work, 1915–18




    The number of individuals claiming to have originated the dive bombing form of attack is probably exceeded only by the number of nations and air services claiming that honor. Some of the British pilots who flew on the Western Front have described in their memoirs how they used diving techniques for bombing attacks, and they have as good a case as anyone.




    One of these was Lieutenant Duncan Grinnell-Milne, who was flying BE2cs with No. 16 Squadron from Lys in France in the early winter of 1915. The BE2c was to gain an unenviable distinction in the months ahead, when heavy losses earned it a reputation as the main course of “Fokker fodder” (a reference to German planes man ufactured by the Fokker company). A single 70-horsepower Renault engine pulled this two-seat biplane through the air at a stately 72 miles per hour. Though these were still early days for bombers, the aircraft was fitted to carry two 112-pound or ten 20-pound bombs under the wings. Aiming these weapons was a hit-or-miss affair, and No. 16 Squadron was given the task of trying out a newly developed bomb sight in the hope of improving matters. Grinnell-Milne took off on his bombing mission on November 27, 1915, after a mere two days’ instruction on this “rather complicated apparatus.” The target was known to be well defended by antiaircraft guns. The new sight demanded a straight and level run in, but on arriving over the target, he found a throng of aircraft jostling for position and being heavily fired on. Grinnell-Milne therefore decided to adopt his own method.




     Putting his aircraft into a dive with the engine at half throttle, he lined up on the target, a rail junction. He dived from 10,000 feet to 2,000 feet and released the bombs, missing the target but hitting motor transport instead. He returned that afternoon, when the sky over the target proved to be less crowded. Nonetheless he attacked in the same way as before, this time pressing in much closer. The first bomb hit a building, and he circled the area before diving to drop the second. “I watched the bomb go down, diminishing rapidly to a pinpoint, then suddenly expanding again as it struck a building in the goods yard. A flash, bricks and dust, and lots of slow-spreading smoke... I flew home humming a tune.”




    The results of these attacks, in which the RFC dropped four tons of bombs on one small railway station in the course of its biggest raid yet, were in fact very disappointing. But the raid showed the advantages of dive bombing versus level bombing. Only if a specific target could be located and pinpointed were the results worth the effort, and the destruction of an ammunition dump, ship, or Zeppelin required a degree of accuracy which only dive bombing could provide.
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    BE2c aircraft of No. 13 Squadron lined up on their airfield in France. This improbable mount saw some of the first experimental dive bomb ing experiments in combat during World War I.




     Another attack deserves mention. Lieutenant Arthur Gould Lee, flying with No. 46 Squadron from Izel-le-Hameau, west of Arras gave a graphic description of an attack he carried out on November 30. He had to attack one particular house in the village of Bourlon with four 20-pound Cooper bombs. The original plan called for four separate attacks dropping one bomb each time, but the flak proved too heavy for that to be attempted. Instead, Lee went into an attack down to 200 feet in a steep dive into the concentration of fire. His first attempt resulted in a near-miss by himself and his wing-man, and Lee had to return for a second attempt alone.




    This time his steep dive was carried down to 100 feet, and the remaining three bombs were released at this height. He made his escape at the suicidal height of 20 feet and, despite the opposition, escaped with but one bullet which shattered the handle of his throttle control, while another almost ignited his Verey pistol cartridges.




    These then are typical examples of unofficial dive bombing attacks. But in my opinion the strongest claim is held by 2nd Lieutenant William Henry Brown, RFC, who staked his claim with No. 84 Squadron in France in March 1918. The attack is well-documented and was, significantly in the light of what was to come, directed against a ship target of sorts.




    No. 84 was operating standard offensive patrols (OPs) with the SE5a fighter from Flez near St. Quentin. The SE5a was an unlikely contender at first sight for a dive bomber, but as one historian later recalled, it was a very versatile fighter, both strong and capable of being dived steeply.




    Experiments were conducted early in March to ascertain the most accurate methods of utilizing this machine as a bomber, and Brown, being the smallest pilot in his unit, was the “volunteer.” No bombsight was utilized and the target was a 100-foot circle. He used wooden bombs and found that with a diving attack he could hit the circle every time. On March 14, 1918, he was allocated a live target, four ammunition barges located on a canal near Bernot.




    The mission was described as “Special Mission (Low Bombing Attack)” in No. 84 Squadron’s combat reports, and his SE5a (No. 5384) was equipped with four Cooper bombs to perform the task. Early morning mist delayed the sortie until midday, and it was still foggy when he finally got airborne. Nonetheless, only twenty minutes flying time sufficed to bring him to his target from his base. At Bois de Savy he climbed to 5,000 feet and soon reached Bernot and the barges. He made two dives and scored near-misses each time. The third attempt was different: “I dived straight for the barge.” His bombs struck it amidships from a release height of 500 feet and it exploded very satisfactorily indeed. Within a week all his squadron had been similarly equipped and, added one magazine, “a new word was added to the vocabulary of aerial warfare... dive bombing.”




    The arguments about which pilot, squadron or nation invented dive bombing will undoubtedly continue into the future. But it can be claimed with complete confidence that it was the RAF (formed in April 1918 from a merger of the Royal Flying Corps and the Royal Naval Air Service) that carried out the first air tests of the new method under carefully controlled conditions, at the RAF Armament Experimental Station early in 1918. The RAF’s subsequent vigorous opposition to the dive bomber tends to obscure the fact that it was Britain that first conducted controlled tests of the method. For example, one historian states clearly:




    Another interesting manifestation of the Camel was as the world’s first dive bomber. The Camel had been so widely used for land attack that dive bombing seemed a logical development. Not many modifications were made to the Camel fighter which was tested in action. Some armor plating was added to protect the pilot from ground-fire. A mechanical airspeed indicator was fitted to the inter-plane struts to assist him in his attack.




    But the Sopwith Camel was not the only aircraft to be used in the trials, which took place at Orfordness. Lieutenant Brown’s exploit with his SE5a in March 1918 may or may not have been the first real combat dive bombing, but the type was actually used in dive bombing tests several significant weeks before his action.




     The work was carried out by Section 6, under Captain C. E. Fairburn, with Major B. M. Jones as chief experimental officer. Five different pilots were employed on this series, one of them being Oliver Stewart, who subsequently explained why the Sopwith fighter, with its reputation as a killer of inexperienced pilots, should have been chosen as a test-bed for such experiments: “The Camel set a new standard in powers of maneuver, and even today it probably remains the most highly maneuverable aeroplane that has ever been seen.” Fine praise from a veteran pilot for a plane that almost killed him on the lonely Suffolk shoreline during these tests.




    For the first tests the SE5a was employed. A small yellow flag was planted in the shingle as the target. A bomb rack was fitted under the left-hand wing of the aircraft and four dummy bombs were carried on each flight. The placing of the bomb load off-centre now appears strange, but it was done to avoid interference with the flying gear and this position was simplest. Further tests were carried out later to find out whether the SE5a could more usefully accommodate such a bomb load centrally under the fuselage.




    Once in position over the target marker, the pilots were to dive their aircraft from about 1,500 feet at 110–130 miles per hour with the engine throttled back. The bomb was to be released at 800–1,000 feet. This seems quite high for the period and size of the bombs, but was no doubt determined by safety factors.




    It was found that the pilots adopted the following method. After a few preliminary dives to get the feel of it, they would look along the left side of the engine cowling while diving at the target, the bomb being released when the target just passed out of sight under the cowling. This method was used generally after the first few attempts and worked quite well.




    In all the tests the SE5a was dived upwind “very approximate ly.” The trials were run in varying weather and, particularly, wind conditions, again to give an average result. The tests produced no startling results, though fully 26 percent of the bombs fell within 10 yards of the target. No sight of any kind was used, and it was found that, as expected, the pilots’ shooting rapidly improved with practice.




    According to the report, these tables gave a good indication of the amount of practice needed to become “moderately proficient” in this form of bombing. The final verdict was that the lower the release the more accurate the bombing with the SE5a.




     Because the tests with the SE5a had been based on “eye shooting” only, it was suggested that the degree of accuracy, already impressive, would be much increased if the normal machine-gun sights were used in the dive to locate the target. Using the same target specified for the first tests, it was proposed that “if a bomb be released from a Camel dived at about 160 miles per hour when the Aldis gunsight bears on the target a good aim will be obtained.” It was specified that bomb-release height should not be more than 1,000 feet. The 130-horsepower Clerget-engined Camel was the version used by all the pilots in these second tests.
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    Bomb racks were fitted one under each wing of the Camel and carrying one twenty-pound bomb each for the trial. It was decided not to place the racks under the front fuselage lest the bombs foul the undercarriage bracing wires. Placing the racks under the fuse-lage farther aft would have upset the trim too much.




    Three different pilots worked on these trials, dropping a total of twenty-eight bombs on the flag marker used for the SE5a tests. Once again, the pilots were chosen for their wide range of flying experience. The most experienced, Captain Stewart, had logged about 1,000 hours, his colleagues 600 and 250, respectively.




    The Aldis sight was used exclusively in the first tests, by Captain Stewart. On runs two, four, six, and eight, the Aldis was aimed well ahead of the target to compensate for the shortfall found to be common when using the sight thus.




    On the second of these runs, after the bomb had been released at 400 feet, the Camel suffered engine failure, crashing into the shingle and rolling over. Stewart survived the impact, but was left upside down in his straps for more than two hours, jammed in the cockpit, with petrol dripping on him before the rescue party could reach him.




    The most inexperienced pilot, No. 3, aimed at the target with the sight for every shot except for the last one, which proved to be the most accurate of all. This last bomb was dropped by eye in the manner of the SE5a tests.




    Pilot No. 2, seeing that the bombs would always fall short of the target when aimed with the Aldis sight, deliberately aimed well over, gradually increasing the distance of the “aim-over” all the time. The difference in bombing accuracy was immediately apparent.




    The three pilots reached the same conclusions:




    1. Dive bombing with the Aldis sight was very unsafe as a result of the high speed called for at a low height while carrying bombs, “more especially if the air is at all bumpy.” The use of the Aldis sight made the technique even more hazardous, preventing the pilot from getting a true impression of his closeness to the ground.




    2. It was far easier to drop the bombs in a vertical dive with no sight at all. It could be put to limited use, not by looking through it, but by sighting along the top of it. This method indicated the target quite well if the aircraft was directed straight at the target.




    3. At speeds of 120–130 miles per hour the sighted and unsighted methods were equally accurate, though the former required more practice. The sight was also found to require lower bomb-release heights and the safety factor was nowhere near as high.




    They concluded that use of the Camel with the Aldis sight was “quite unsafe” for an average pilot and that the results expected would not be worth the expenditure in machines and trained pilots. Thus RAF opposition to dive bombing was to be deeply set early on. They also stated that there was no advantage to be gained from using the Aldis sight at slower speeds than those specified, except in improving line errors by the pilot looking along the sight when approaching the target.




     These trials, although proving the greater accuracy of dive bombing, had the ultimate effect of turning the RAF against it. The service was convinced that use of the method in combat would lead to casualties for little return. In much the same way, wartime experience had turned the RAF against “strafing,” as the Slessor lectures of the 1930s were to confirm.




    By 1919, there was little RAF enthusiasm for any form of ground attack. Despite continued testing, and calls for specific aircraft to fulfill this role, dive bombing was relished least of all. This naturally affected army cooperation, and in the twenty years between the wars, the rift was to open into a chasm. One very distinguished general noted: “Between the wars the former cooperation between the army and the air force, close, intimate and effective in the Great War, ceased when the air force became a separate service.”




    This indifference to dive bombing was also to have a crippling effect on the Royal Navy. Control of all RN aircraft had passed to the RAF in 1918 and the allocation of funds to that part of the service meant that the Fleet Air Arm was very much a Cinderella in both aircraft and designs.




    Strangely enough, despite his experience during the trials, Stewart himself remained a dive bombing enthusiast. Over the years he was to become the major critic of the RAF’s neglect of the method, conducting a campaign that culminated in a series of pointed articles during 1942. He remained convinced that dive bombing was a valid and valuable method of attack at a time when the official line was very different.


  




  

    




     CHAPTER 3


    




    The Momentum Falters




    Immediate Postwar Developments,


    1919–22




    We have seen how by the end of World War I the air forces of the major powers were using aircraft to support their armies, mainly by means of ground-attack operations. This was true of Brit-ain, Germany, France, and the United States, though Britain was unique in studying dive bombing as such. But the end of a highly destructive war was followed by a strong reaction against all forms of warfare, armaments, and military experiments, leading to a heavy cutback in manpower, equipment, funds, and research.




    This applied to those powers that were allowed the rest of peace. But other nations were not so fortunate: in particular, Poland and the Soviet Union fought a murderous war in 1919–20 before Polish independence was secured. As this was more or less a continuation of World War I in that troubled area of Central Europe, the lessons were similar to those learned elsewhere in 1918. Both nations soon recognized the value and the appalling dangers of ground-support operations.




    Italy, influenced by the RAF’s example at Vittorio Veneto in 1918, made similar advances and followed the same road. In Germany the ban on all armaments, especially aircraft, simply acted as a spur, and the re-creation of an effective air force was soon underway. Dominated, as the new force was, by ex-army flyers, it is not surprising that close support found high favor. Ironically, it was at this low point in German fortunes that the first tentative moves were made, in Sweden and the Soviet Union, towards the Stuka of a decade later, the means by which a resurgent Germany turned the tables on the victors of 1918 in a campaign of only a few weeks duration.




     In America the situation was more complex. As in Britain, two strands of thought began to emerge: the naval, which favored dive bombing for accuracy, and the air force, which saw the heavy bomber as the decisive factor in any war. But this polarization did not take effect immediately, and it was the army air force that was to provide the spark, which rekindled the whole dive bomber fire.




    Immediately after the war France led the world in the development of some dive bombing techniques for use against warships. But this proved a flash in the pan, and although the French Navy maintained an interest in this method of attack, it was so short of funds and had so many obsolete warships to replace that little could be done to follow through her early postwar advances.




    Japan was in a similar state. Still nominally an ally of Britain, her growing designs on the Chinese mainland were rapidly drawing her into conflict with China and the Western powers. A British naval mission was, however, sent to Japan soon after the war to assist in the building up of Japanese naval air power, which was then almost nonexistent. This tuition was to come home to roost with a vengeance in the South China Sea twenty years later!




    This is the background to the years 1919–22. Let us now examine in more depth each nation’s problems and ideas in this period, to see how the seed began to germinate in some and was neglected in others.




    During the grim campaigns fought in 1919–20 to defend the newly established state of Poland against a variety of opponents, the Polish air force, equipped with surplus aircraft from all over Europe, made a lasting impression on friend and foe alike with the effectiveness of its ground strafing. As a result, ground-attack aircraft predominated in the Polish air force from the mid-1920s onwards, culminating in the production of the purpose-built PZL P23 Kara. No interest was shown in the dive bomber until the mid-1930s.




    The Red Army had been on the receiving end of most of Poland’s strafing attacks and had suffered grievous infantry and cavalry casualties. As a result, the Soviet Union adopted this form of attack wholeheartedly in the late 1920s, developing the technique into the 1930s and largely perfecting air/ground coordination. Out of this grew the famous Shturmovik units, but the USSR came even later than Poland to dive bombing design and no development took place before the late 1930s.




    Japan’s embryo army and navy air arms followed the general European trend. The first dive bombing experiments did not take place until the late 1920s, influenced by developments in the USA. Not until the early 1930s did detailed design and testing of dive bombers take place.




    As early as 1917 the German air arm was using to great effect units specially trained in ground attack, the “battle flights.” After the war all efforts were concentrated on evading the limitations of the Versailles Treaty, which prohibited Germany from maintaining any military arm. The signing of the Treaty of Rapallo with the Soviet Union in 1922 cleared the way for the first exhaustive tests of combat aircraft. Here again the first experiments were directed at development of the strafing role, Dutch-built Fokker D-XIIIs and Heinkel HD17s and HD21s being used as fighter-bombers when they failed to perform well as fighters. Work on true dive bombing was hardly possible at this stage in Germany, but it was soon to develop.




    One of the three nations which were experimenting with dive bombing was Britain; research was continuous, but much curtailed by the strict economic measures adopted by successive governments. The continued wrangling between the Royal Navy, which wanted the dive bomber, and the RAF, which had little time for it, also caused constant delays. The RAF saw the strategic bomber as its ultimate goal and regarded army cooperation more as a reconnaissance than an attack function, using aircraft like the Audax and similar types. On the other hand, FAA fighter squadrons, under RAF control, but with mixed personnel, developed a form of light dive bombing with the biplane fighters of the period.




    Britain’s dive bombing units in the 1920s operated the Nieuport Nightjar (1922–24) and the Parnall Plover (1923–24), the former finally being sold to Japan and renamed the Sparrowhawk. By 1926 these types had been replaced by the Fairey Flycatcher, vehicle of the continued development of British dive bombing. Carrying four 20-pound bombs on underwing bomb racks, the Flycatcher was used to develop such tactics as the “converging” attack. By 1928 exercises in the Mediterranean had shown that the “natural” targets for light dive bombing attacks at sea were aircraft carriers and this continued to be the role of these units in the 1930s.




     The earliest French experiments owe much to Lieutenant Pierre Henri-Clement La Burthe. He served in Escadrille FSO of the army based at Dunkirk and he put forward, as a means of obtaining accuracy, a diving attack placing the bombs plumb on the target, “like a hand.” His ideas were taken up by Lieutenant Teste who modified them in a series of trials in 1920–21 with the ACI Squad ron 1 based in the south of France at the St. Raphael School.




    The most vulnerable part of a modern warship, even a battleship, was known to be the underwater hull; shockwaves from near misses, the “hammer-blow” of General Mitchell, were able to fracture the hull seriously in the right conditions. To achieve the near-miss effect required detonating these “undersea bombs.” Teste car ried out a series of trials using the modern battleship Bretagne as a live target. In the first attack, conducted by Teste flying an HD R39 aircraft, he dived from 5,250 feet on the port side of the vessel at an angle of thirty degrees then flew horizontally for 330 feet before releasing his bomb. The missile struck the sea about 100 feet from the target, which Teste put down to too long an approach. He began his second attack at an angle of 70 degrees and pressed down to 1,970 feet, but found that the steepness of his dive prevented him from operating his bomb-release. He tried a third time at an angle of 30 degrees again from a height of almost four miles. Unfortunately, when he tried to open up the throttle again, the engine would not respond and he finally crash-landed in the water close to the Bretagne, his aircraft capsizing and sinking. Teste himself was picked up unharmed by the destroyer Potet. Although he did not have time to work out completely the cause of the accident, the loss of his aircraft did not stop his enthusiasm for the method. He reported that such diving attacks were quite simple to achieve and that great accuracy could be achieved, especially against targets the size of 23,000-ton battleships. He wanted to continue the tests. The C-in-C, Mediterranean Squadron, Vice Admiral Salaun, agreed strongly, stating that the method used appeared interesting and that it could be improved upon.




     Teste’s experiments led to further and more exacting trials at St. Cloud by a commission studying bombing methods for use against targets at sea. The Commission d’Etude Pratiques d’Aviation carried out practical trials of three types of attack: “point-blank,” low-altitude, and high-altitude. It is the first named—attaque a bout portant —which concerns our story.




    It was described as follows: a fast aircraft armed with a delayed action bomb approached at high altitude before diving towards the bows of the target ship. On release of the bomb the aircraft escaped by flying at wave-top level across the ship’s bow. The bomb was activated by the shock of striking the water and with a four-second-delay fuse exploded against the hull of the ship underwater.




    Preliminary trials flown by nine different pilots gave very encouraging results, and the commission asked for material and funds for further work, saying that the method should be carefully studied. Although money was tight, the French Navy remained interested in this method. Pending development of an aircraft designed especially for the role, further tests were conducted with a variety of types, principally the Levasseur PL7, a single-engined biplane that first flew in 1920. The whole design was a leftover from World War I, with a maximum speed of only 90 miles per hour. These antiques kept on flying until the late 1930s, so starved of money was the French naval air arm.




    It was the U.S. Army Air Force, rather than the Navy or Marines, that kept the dive bombing concept alive in the immediate postwar years. The U.S. had in turn been influenced by what it had learned of British methods during 1918. The American Air Service Journal of the period reveals the depth of this influence. Commenting on the lessons of World War I, it said: “There were in use by the British two methods of aiming bombs... one of which... was to dive directly at your target and release the bombs the instant you are pulling out of your dive. The bombs continue in the line of flight of your dive, which is aimed at the target.”




    In a discussion with Marine pilot “Rusty” Rowell in the early 1920s, Lieutenant (later Brigadier General) Tourtellot of the USAS made the following statements about dive bombing at this time, as recalled by Rowell some years later. Asked his opinion of where the dive bombing idea had originated, Tourtellot said that he had learned the method while flying with the British. In one of the later phases of World War I, when the British had gained air superiority, they had made frequent patrols over German lines without encountering the enemy. To avoid wasting fuel on such missions, two light bombs were attached to the fighters, to be dropped wherever they would do the most good. Tourtellot said that the British pilots found that they could dive on German staff cars and other objectives not protected by AA batteries, and attack by diving their aircraft to low altitudes and drop their bombs by guesswork. These ideas had been adopted by the American pilots working with the British.




    Major Norbert Carolin, referring to the period when he was commanding officer of Air Service Troops at the Aberdeen Proving Ground in late 1919, recalled the following test in the September of that year. He was approached by 1st Lieutenant Lester B. Sweeley, Air Services Reserve, who asked permission to carry out a vertical bombing test. This was granted and the test was witnessed by Lieutenant Colonel R. R. Studler and Colonel Stribling.




    Sweeley used a DH4B carrying a 300-pound bomb in a Mark XVI bomb rack. From between 4,000 and 5,000 feet Sweeley dived nearly vertically to within 1,000 feet of the ground before releasing his bomb. Although the bomb hit the landing gear and was knocked off its trajectory, it continued towards the target and exploded.




    A more persuasive demonstration of dive bombing was de-scribed by “Rusty” Rowell after he had completed an advanced course of instruction at the army air force base at Kelly Field in May 1923. It was here that he first heard of the experiences of army flyers during the air border patrol of the Mexican frontier during 1919–21. The 3rd Attack Group, flying old de Havillands, had assembled a group of highly drilled pilots who had successfully flown over the desert terrain and in the high altitudes of the border country. When Rowell arrived at Kelly this organization had four squadrons equipped with DH4s under the command of Major Lewis H. Brereton (later Lieutenant General Brereton, commander First Allied Airborne Army, Europe), and was using typical dive bombing techniques of the period. Rowell describes these as follows.




     A pilot-operated bomb release was fitted in the cockpit of the DH4Bs, a novel idea for a two-seater, and the American Type A-3 bomb rack developed just after the war. Each plane carried ten small bombs in racks on each wing, and despite the strains imposed on these old aircraft, by diving steeply and at modest speed, they operated with accuracy and no casualties from accidents whatsoever. The pilots selected a sighting point over the engine using any convenient projection for this purpose according to their eye height above their seat. Using their own judgment, they attacked in dives of between 60 and 70 degrees with “most impressive” accuracy. Not surprisingly Rowell was impressed by the scope this method gave for attacking similar moving targets, but at sea.




    U.S. Marines had first been sent to Haiti in 1915 to restore order to that chaotic island under the U.S. Senate’s interpretation of the Monroe Doctrine. The 4th Air Squadron of Marines, under Captain Harvey B. Mims, was stationed there from the end of March 1919, disembarking at Port-au-Prince. They were to remain there for fifteen years, operating against the rebel leaders of the “Caco” group and the like. In 1919, one Marine pilot contributed his own method to the history of the dive bomber.
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    In the Virginia Capes bombing trials against old German warships in 1921, Lieutenant Tourtellot made low-level runs on the destroyer G-102 in an ex-British SE-5 armed with 25-pound bombs. These attacks were later described by him as dive bombing attacks, but they were not strictly so. One of the planes can be seen just below the smoke of the sinking ship.




     At this time the 4th Air Squadron was equipped with de Havilland DH4B-2Bs, which were not fitted with bomb sights. The inaccuracy of level bombing prompted Lieutenant L. H. Sanderson to develop his personal ideas of increasing precision by diving on to the target. A canvas mail sack strong enough to take the weight of a bomb was tied at one end to the fuselage and the bomb loaded into it. The sack was then closed by ties of the draw rope leaving it horizontal. The rear end was eventually tied to the rear cockpit so that it could be dropped open in flight.




    On reaching his target the aircraft was put into a 45-degree dive down to 250 feet. At the judged moment the rear end of the sack was released and gravity carried the bomb down and out, just clearing the propeller. Despite the primitive method it worked quite well, and although subsequent claims that this constituted the true “invention” of dive bombing are silly in the extreme, it is worth recording these experiments in combat as one interesting sidelight on the development of the technique.




    In a series of tests laid on by General Mitchell in an attempt to prove his concept of air power as the only defense needed by the U.S., a succession of captured German warships were sunk by bomb-ers on July 13–21 and September 23–26, 1921, off Virginia Capes, among them the old battleship Ostfriesland. Although mainly high-level attacks and not dive bombing, one attack was made by “Turk” Tourtellot who subsequently claimed it did constitute real dive bomb ing. He flew a British SE-5 fighter aircraft with Cooper 25-pound bombs in a single rack under the fuselage with a bomb release in the cockpit identical to those used at Kelly. He dived on the Ostfriesland in an attempt to prove that by such methods fragmentation or gas bombs could be accurately delivered against exposed personnel aboard such warships. Although he was successful, he concluded that such an attack against a well-armed target would be too risky in real life. This is an argument we shall be hearing a great deal of later.




     Thus the spark of dive bombing was kept aglow, albeit dimly, in the immediate postwar years by the Army and Marine Corps in America, the Fleet Air Arm in Britain, and the French Navy. Rowell himself was to take the story on to its next stage with a dramatic flourish. Before turning to that watershed, let us take a brief look at the U.S. Navy’s opinion of dive bombing in 1924, as revealed by the following points from the Naval War College lecture, Aviation, for that year.




    Another use for fighting planes is ship strafing. The object to be gained is the reduction of morale of exposed personnel, such as those who might be in antiaircraft gun crews and unprotected tops. However, both material and personnel damage may also be done on the lighter surface craft. Bombing will probably be done at an altitude above 6,000 feet. To bomb accurately it is necessary for bombing planes to be making good a course directly over their target at the instant the bombs are released. Pattern bombing will usually be employed, rather than individual bombing.




    Such thinking was commonplace the world over in 1924, but the U.S. Navy’s experience over the next few years was to alter that picture in a most dramatic way.


  




  

    




     CHAPTER 4


    




    Re-forging the Weapon




    The U.S. Marines and U.S. Navy Flyers


    Take Up the Running, 1925–29




    The first flush of American postwar enthusiasm for the dive bombing techniques taken home from the European battle-fields by U.S. Army Air Service flyers, died with Mitchell’s change of heart under the all-pervading influence of Trenchard. Luckily, Marine Corps Major Rowell had not forgotten his lessons on the method at Kelly Field, and it was he, almost alone, who nursed the flickering flame. Breathing new life into the technique by gaining actual combat experience, he converted the Corps. The U.S. Navy also began to show interest once again, and by the end of the decade the dive bomber was poised to become the major air warfare development of the 1930s.




    Although I cannot go along with the many historians who claim that the United States Marine Corps “invented” dive bombing, I would certainly agree that the Marines should receive most of the credit for keeping the techniques at the fore and for its remarkable renaissance in the late 1920s.




    When Rowell’s period of duty with the 1st Pursuit Group ended, he was assigned to the command of VO-1-M, which at that time, the late summer of 1924, was on its way to the mainland after the withdrawal of U.S. occupation forces from Santo Domingo. The squad ron was the first Marine aviation unit to be established on the west coast. Based at Naval Air Station San Diego from August 1924, it was equipped with the old DH4B Liberty. Rowell immediately decided to train his squadron as a dive bomber unit, reasoning that the technique would prove highly effective in support of Marine ground troops.




     “I wrote to Lieutenant Walter Peck,” recorded Rowell, “and asked him for sample assemblies of the remote-control gun gear, and at the same time I made requisitions on BuAer [U.S. Bureau of Aeronautics] for the A-3 bomb racks which the Army was then using but which the Navy had not yet procured.”




    Although an old-stager like the DH4 might be thought a strange mount for dive bombing trials, the British could claim to have already used the type for this purpose during World War I. One British veteran wrote: “Even in an aircraft of the last war I remember finding myself actually below ground level, down inside a lock, on the termination of a dive-in attack. Because of the lack of airbrakes and the consequent mush in halting and diverting, the speed built up in the dive. That was in a DH4, a very lightly loaded aircraft by modern standards.”




    Rowell described how he personally trained his squadron in dive bombing methods, using miniature racks of the Navy type until the Type A-3 arrived. He recalled that at this time, the spring of 1925, many of the west coast cities were beginning to open their own airports and that there was a great demand for the air services to give flying displays at the opening ceremonies. This gave Rowell an opportunity to train his unit in the new art and to show off the technique to a far larger audience.




    Their combined formation flying and dive bombing exhibitions with smoke bombs went down well and he gained the definite feeling that some naval air officers present were much taken by this form of attack and began to practice it themselves, at North Island base.




    It may indeed have been like that, but it is also certain that the Navy ran the Marines very close in this period of experimentation. Another extremely valuable firsthand account of this time comes from Admiral F. D. Wagner, one of the pioneer Navy pilots. He stated that in 1925 Captain Joseph Mason Reeves took command of the Aircraft Battle Force on the west coast and in the summer of the following year had concentrated all Pacific Fleet aircraft at North Island, San Diego, for trials. He originated a large list known as “Reeves’ Thousand and One Questions” and Lieutenant F. W. Weed began collating their responses. “To dive down, drop a bomb on a ship and pull away before her guns could be manned became an objective, while a bomb sight accurate enough to make such an attack really effective was still a sort of will-o’-the-wisp,” wrote one historian of this era.
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    The driving forces behind the U.S. Navy’s dive bomber development in the 1920s: Rear Admiral Moffett (left) and Captain Reeves (right), aboard the USS Langley in 1925. Reeves developed the dive bomber concept, and Moffett showed what it could do in exercises.




    Admiral Wagner recalled how dive bombing came to appear high on the list of experiments. Reporting to Captain Reeves in June 1926, when he was in command of VF-2 equipped with Curtiss F6C fighters, Wagner found that one of the questions being considered was how to repel a force trying to land on a beach. Strafing seemed the obvious answer, and VF-2 was investigating a combination of low flying and machine-gun fire. But accuracy proved poor and losses from antiaircraft fire seemed likely to be high. Wagner found that




    The answer to the problem lay in approaching at high altitude [above 10,000 feet] to attain surprise and avoid anti-aircraft fire, before diving at steep angles [70 degrees or more] to attain very high speed in the dive and to obtain the optimum of accuracy in hitting and in changing the emphasis from machine-guns to bombs.




    The squadron knew it had developed a very important form of attack that would be effective against the strongest of targets and one that in no way resembled the old strafing conception of attack. We also appreciated the fact that attacks must not all be made from the same direction and that the formation from which the attack started must be a flexible one so that entry into the dive could be made promptly after sighting a target. Accordingly, the Vee of echelon and the ABC formations were developed.




    Full of enthusiasm at their “discovery,” the squadrons carried out prolonged trials in the back country of San Diego that summer.




    The young pilots, having satisfied themselves that they had perfected their art, were eager to give a demonstration in the hope of convincing others of the value of their new tactic. Accordingly, they persuaded Captain Reeves to take up position in the center of North Island and to act as the “target” for a simulated attack. This he agreed to do, and the spectacular results made a lasting impression on those there, including Felix Stump (later a vice admiral). So impressed was he that Reeves had no hesitation in giving his squadrons permission to use their tactic in front of a bigger audience, the U.S. Pacific Fleet.




    This was done on October 22, 1926. The fleet had sailed from San Pedro for exercises at sea and VF-2 flew to Long Beach to join in. They arrived over the battleships at 12,000 feet undetected and began their dives at exactly the time the fleet had been told to expect an air attack. Screaming down in their dives the aircraft were not spotted until the final stages of their near vertical approach. They leveled off and, while the battleships were still sounding off “General Quarters,” were landing back at their base.




     At the same time, and independently of Reeves and his men, Rear Admiral A. C. Davis and Lieutenant George Cuddihy on the east coast had been working along similar lines. They reported dives against destroyer targets, flying aircraft equipped with gun cameras to record estimated hits. These trials were conducted by Lieutenant O. B. Hardison, and Lieutenant Commander Davis of the Bureau of Aeronautics set up improved bomb rack purchases and better equipment for the aircraft generally to take advantage of the technique. The dive bomber had re-emerged, and many old rules had to go overboard as a result. As Wagner recalled, prior to 1926 there had been no provision for dropping bombs from fighters, but that changed completely the following year. The F6C had proved to be well equipped in this respect. Wagner made two other points. First, the fighters that followed the F6C proved to be less sturdy, resulting in some fatal accidents when the aircraft dis-integrated during dive bombing. Secondly, the film Hell Divers, made by VF-1 and VF-2, was made mandatory viewing for Japanese aviators. The British were equally impressed by it, especially Flight magazine and its contemporaries, according to Wagner.




    Both Wagner’s points were introduced to reinforce his claim that the U.S. Navy had invented the tactic of dive bombing in 1926. Although this is not so, there is no disputing that by the summer of that year the U.S. Navy had passed an historic milestone on the dive bomber road.




    Turnbull and Lord record in their history how not all the members of the bureau shared Commander Davis’s enthusiasm for the new concept. Some had reservations about the suitability of existing aircraft for dive bombing while others opposed the resulting diversion of fighters away from their primary defensive role. A series of tests was ordered in an attempt to settle the matter. These tests proved that dive bombing gave unprecedented results with regard to accuracy and converted many doubters. Dive bombing of unarmored warships like carriers or destroyers with gas, fragmentation, and demolition bombs up to 100 pounds was considered practicable as a result.




     In the 1926 Bureau of Aeronautics tests, a Chance Vought sea-plane, the UO, was used because it was the only airplane that could be fitted with small bombs. The success of VF-1 and VF-2 changed all that and bomb racks were soon fitted on VE-7s, Boeing FBs, and the Curtiss F6C. During the initial trials, the aircraft dived at 45 degrees from 1,000 to 400 feet. The length and steepness of the dive were based on the structural limitations of the aircraft, while the minimum altitude was set to keep bomb fragments from hitting the aircraft. When other aircraft were fitted for dive bombing, the length and angle of the dive were determined by the CO in the light of structural limitations.




    This work led to a feeling that there was no need to develop a specialized dive bomber, since the fighters then available could do the job, and in March 1927 such a view was put from the fleet. But a more realistic approach came from the Taylor Board, which recommended, for the first time in the world, that such an aircraft should be built.




    Tests were carried out at Hampton Roads, Virginia, in October 1927 by VF-SS commanded by Lieutenant Wallace M. Dillon. The target was a platform towed at twenty knots behind a destroyer. The results, confirmed with camera guns, again completely vindicated the dive bombing method and supported the previous year’s findings.




    There followed further investigations of the bomb-carrying potential and diving capabilities of other types of aircraft, even though the F4B-1 and O2U-2 were strong enough to carry a 500-pound bomb and dive with it. By December 1928 a large variety of aircraft had been equipped as bomb carriers by the U.S. Navy.




    Also well under way was development of a generation of true dive bombers, as distinct from adaptations from other types. The Bureau of Aeronautics began the development, at the end of 1928, with the XF8C-2 for carrying a 500-pound bomb, and, even more significantly, the XT2N-1 for carrying a 1,000-bomb. The XF8C-2 was designed to show whether an aircraft especially designed for dive bombing would in fact be better at the job than a strengthened fighter.
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    This transformation of tactics within such a brief period as demonstrated in the air and on the Bureau of Aeronautics drawing boards by the end of 1928, was matched with the formation of the first tentative theoretical doctrines about the uses and advantages of a dive bomber force in a modern fleet. In this the U.S. Navy undoubtedly established a substantial margin over the other leading powers of the day. By 1928, they were, in fact, very nearly a decade ahead of the British and Japanese Navies in this field.




    This new-found doctrine can be found expounded in a lecture delivered at the time at the Naval War College by Lieutenant Commander B. G. Leighton, of which brief extracts will serve to show that the trend of thought had radically changed since the Bellinger paper of a few years before.




    From the point of view of the defense of surface ships against air attack Leighton pointed out that hitherto considerable confidence was held in the ships’ ability, especially battleships with their heavy antiaircraft batteries, to protect themselves against level bombing attacks. The steady and level approach which was vital to accuracy in this form of bombing could be accurately predicted by the ships’ fire control and could be met by long-range antiaircraft fire and massed automatic weapons at closer ranges. But this did not apply to dive bombing:




     Many of you are familiar with the so-called “strafing” form of attack which is now being used by light fast planes in delivering machine-gun, or light bomb attacks against ex posed positions on surface ships. In this form of attack the conventional fire control system breaks down, for the plane approaches on irregular courses with rapid and irregular changes in altitude throughout the approach; settling down to a straight flight path in a steep dive for considerably less than ten seconds before actually releasing the bomb. Bombs are released at an altitude of 1,500 feet or less. Target practice conducted against targets towed at a speed of twenty knots in the open sea, indicate an accuracy of about 30 percent hits on four destroyer target, in the neighborhood of 50 percent on light cruiser targets and approximately 60 percent on battleship targets.




    As if this was not sufficient food for thought he also pointed out that this was combined with almost complete invulnerability to the attacking dive bomber.




    The speed of approach of the plane, due to her diving approach, is upwards of 200 miles per hour (or about 300 feet per second). This form of attack gives to the plane unrestricted freedom of movement throughout the approach and until it has reached the final point of release; it makes accurate prediction of future positions impossible; and, if conducted by several planes in concerted attack renders barrage fire completely ineffective.




    Leighton then went on to preempt claims that light bomb loads, such as those carried by contemporary aircraft, could never be effective against anything other than superstructure and could not sink ships, only damage them. In the case of battleships with their powerful armored decks this point was still valid, and would remain so, but against all other types of warship it might well apply currently, but would no do so for very much longer. As the bomb loads were bound, on development, to increase in size, so would the lesser ships’ vulnerability increase. In fact he told them that work was even then proceeding on just those lines:




     The diving form of attack is now being extended to use of heavier bombs up to 500-pound weight. We are now putting into the fleet a new type of two-seater machine to replace the old two-seat observation machines, which have been operating from battleship and cruiser catapults. These new machines are fitted to be operated as seaplanes from catapults or as straight land planes with arresting gear from the decks of carriers.




    The potential of the dive bomber against ship targets was clear for all to see, although a decade of development lay ahead before it was able to prove itself. The equally high factor of the effect of the dive bomber on the morale of land forces, as expounded by Stewart in Britain at the same time, was also being graphically demonstrated in actual combat conditions by the U.S. Marine Corps, even as Leighton was giving his lecture.
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TABLE 1: THE SE5a DIVE BOMBING TRIALS

Date

Feb 27

Apr7

Apra2

Apr2s

Apr 26

AT ORFORDNESS, 1918 (con'd.)

Height
at Start
of Dive

(f)
1,500

200
100
1,500
500
150
150
1500
2,000
1,800
800
800
200
800
1,000
1,000
1,000
1,000
1,000
1,000
1,000
700
800
1,000
1,000
500

Bomb
Release
Height

()
500

500

500
700
700
200
200
200
200
500
500
500
500
200
200
100
200
250
100
100
200

(mph)
120

120

120
115/25
115/25

105

105

100

100

110

100

110

120

120

120

100

110

115

180

180

105

Wind
Speed  Speed
(mph)

10

10

10

Distance Off
Target
(fe)

108, 88, 104,
150, 83, 85, 44,
45,52, 31,45,
26. 17, 21,20
30

15

36

8

175

55

55

52

50

44

87
10
175
21
39

6
215
18
25
14
32
55
5

* Direct hit on minute target from 300 feet on second day of tests.
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TABLE 2: THE SOPWITH CAMEL DIVE BOMBER TRIALS

Pilot

AT ORDFORDNESS, 1918

Height Bomb
atStart Release Wind  Distance Off
ofDive Height Speed Speed Target

() (f)  (mph) (mph) ()
1,800 400 160 17 705,18
1,500 200 140 20 143,55, 91, 24, 21,

188
1,200 150/50 120 20 92.18,78,33,43,
10,16,32,34,7,7,

15 747
2,000 1,000 140 9 328
2,000 800 180
2,000 500 175
2,000 400 89
2,000 400 140

1,500 100 13
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TABLE 3: U.S. NAVY ATRCRAFT TYPES CAPABLE
OF CARRYING BOMBS, 1928

Aircraft Type Size of Bombs Number Carried
F4B-1 20 10
F4B-1 500 1
02U0-2 30 10
0z2U0-2 50 1
F6C1/5 20 5
F7C1 20 5
FB-1/5 20 5
FZB-1 20 5
F3B-1 20 5
0cl1/2 100 4
oD-1 100 4
OL6/8 20 10
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TABLE 1: THE SE5a DIVE BOMBING TRIALS
AT ORFORDNESS, 1918

Pilot Date
1 Feb27
1 Feb 28
1 Mar2l
1 Mar2l
1 Apras
2 Feb24
% Feb 26
3 Apr2
3 Apr6

Height
at Start
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(£0)
1500

1500

1500
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1,000

1500
1500
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400
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(f)
500
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1/200

500
3/600

5/600
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Speed  Speed
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120 10
120 20
120 10
120 10
130/40 15
110/30 20
110/30 20
110/30 10
110/30 #

Distance Off
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()

108, 88, 104,
150, 83, 85, 44,
45,562,381, 45,
26, 17,21, 20
28,8,6,6, 19,
0%, 16,

11

14,7,18, 25,
PRI 1S
14,9.28, 7.7,
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8,17,20,22,
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9
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