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Preface

As a professional naval officer, and a humble World War II buff, I wanted to research U.S. carrier-based aviation in the Pacific Theater.  Specifically, I wanted to know how and why the U.S Navy decided on the aerial attack methods it developed for engaging and defeating an enemy fleet at sea.  In researching the project, I also became interested in the effectiveness of these tactics, especially if one tactic or method fared better than the other in three and a half years of combat.  To answer these questions, I focused my analysis on the tactical development, the capabilities of the delivery systems, and their employment in the six major carrier battles of the war.  I hope that this paper provides the reader with the answers, and sheds a more light on the heroic effort naval aviation contributed to the defeat of the Imperial Japanese Navy.

I owe several thousand-pound bombs and a couple of Mk-13 torpedoes (1944 version) worth of thanks to Dr. Rich Muller for his assistance, patience, and mentoring in the writing of this paper.  I have sincerely enjoyed his class and our discussions of the war.  I owe much thanks to the librarian staff at the Air University Library for their assistance in hunting down those hard to acquire source materials.  I am also indebted to Mr. Goodspeed and the volunteers at the National Museum of Naval Aviation Emil Buehler Library.  Thank you for the information on naval aircraft operating procedure and the discussion on attack tactics.

au/ACSC/647-14/2002-04

Abstract

This paper researches the development, application, and effectiveness of carrier-based attack aviation by the U.S Navy in World War II.  Three questions are proposed and investigated: 1. Why did the U.S. Navy develop multiple methods of attack in parallel?  2. How and why did the tactics and doctrine of employment change during the Pacific War?  3.  Did one tactic prove more effective than the others?  Question 1. is answered by discussing the evolution of offensive carrier-based airpower, the pre-war development of attack tactics, and a comparison to developments by the other naval powers.  Question 2. is answered by investigating the aircraft and tactics employed in carrier battles of two periods (1941-1942 and 1943-1945), and the doctrinal and tactical changes that occurred.  Carrier battles are specifically chosen because they were the most defended targets and required the highest level of coordination by the attackers.  Question 3. is answered by studying pre-war expectations, coordinated and uncoordinated attacks, and the roles aircraft, weapons, and the course of the war played.

The results of this effort reveal that multiple methods were chosen because, together, they offered the best chance of success against a defended target at sea.  The introduction of new aircraft, with increase capabilities, during the war changed the application of the attack tactics, but each continued to be used throughout the conflict.  Effectiveness in attack was found not in one particular method, but in the coordination of bombing and torpedo attack, supported by fighter escort.

Introduction

World War I demonstrated the potential for aviation to play a significant role in warfare.  During the interwar period, U.S. Navy (USN) aviation leaders sought to develop the offensive employment of carrier-based air power to contribute to the decisive fleet engagement.  To achieve this goal they had to answer an important question: what would be the most effective doctrine and tactics for attacking an enemy fleet with aircraft?  Through focused aviation policies, keen air-minded leadership, and an institutional system of exercises, the USN developed operational doctrine, aircraft capabilities, and tactics for war at sea.  During World War II, U.S. carrier-based aviation proved decisive in defeating the Imperial Japanese Navy (IJN) in the Pacific Theater.

To study the effectiveness of this accomplishment, this paper will investigate three questions.  First, why did the USN develop and employ several tactics - dive-bombing, horizontal/glide bombing, and torpedo attack - instead of concentrating on one method of attack?  This will include a discussion of how the offensive use of naval aviation evolved during the interwar period, what tactics were developed, and how the USN’s efforts compared to those of the other naval powers.  Second, did the tactics or doctrine of employment change during the war, and if so, why and how did they change?  To answer this I will look at the aircraft capabilities and battles fought during two periods of the war (1941-1942 and 1943-1945), and compare the tactics and doctrine of the two periods.  Finally, did one tactic prove more effective in contributing to the defeat of the IJN, and if so, why?  For this question I will compare how the tactics fared in inflicting damage on Japanese carriers in coordinated and uncoordinated attacks, and consider other influencing factors.

Question 1: Why did the USN develop multiple methods of aerial attack in parallel?

During the interwar period, several tactics for attacking a ship emerged within U.S. naval aviation.  Although each had its origin outside the United States, the USN spent considerable effort in the 1920s and 1930s developing these tactics and integrating them into its concept for offensive action against an enemy fleet.  Understanding how the offensive concept evolved, which specific tactics were developed, and how the USN’s decisions compared to what the other naval powers of the day were doing is important to answering the proposed question.

Evolution of Offensive Carrier-based Air Power

The military application of air power came of age in the Second World War.  World War I lessons of employment in observation and reconnaissance, control of the air, and offensive attack evolved into close air support, strategic bombing and fast aircraft carriers.  For the USN, the interwar years served as a testing ground for the integration of air and sea power.  Theories developed from the simple use of floatplanes to spot for naval gunnery.  These evolved into discovering the need to protect one’s own aircraft while denying an enemy the ability to spot for his gunnery.  Once control of the air was addressed, naval aviation leaders began to consider the possibility of attacking enemy surface ships directly from the air with bombs and torpedoes.  On the eve of the Second World War, naval aviation doctrine had matured into a concept of mass, coordinated attacks against an enemy fleet.  Understanding the events that drove this process helps explain why the USN chose the particular tactics that led to victory in the Pacific Theater.

Several key figures played an important role in keeping naval aviation as part of the USN, and advancing its development within the service.  Air-minded naval officers recognized the importance of aviation after World War I.  In June of 1919, the General Board, an advisory board of senior naval officers reporting to the Secretary of the Navy, recommended that, “A naval service must be established, capable of accompanying and operating with the fleet in all waters of the globe.”
  Shortly afterward, General Billy Mitchell of the U.S. Army Air Service demonstrated his claim that surface ship vulnerabilities to air attack made them obsolete by sinking a captured German battleship off the Virginia coast.  Partly in response to this, and to General Mitchell’s attempts to control naval aviation by creating an independent air force, the Chief of Naval Operations established a Bureau of Aeronautics within the Navy Department.  This was a significant step in that it gave naval aviation equal status with the other navy branches, including navigation, ordnance, and gunnery.  In August of 1921, Rear Admiral William A. Moffett became the first chief and served until his death in 1933 in the crash of the airship Akron.  In the 1920s, Admiral Moffett made important contributions to the development of policy on the role aviation and aircraft carriers would play in the fleet.  He also had an impact on legislation that required naval aviators to be assigned command of aviation units.

Admiral Joseph M. Reeves was a battleship sailor famous for tactical innovation.  In 1925, he was assigned as Commander, Aircraft Squadrons, Battle Fleet, with the responsibility for developing doctrine and training squadrons aboard USS Langley     (CV-1), America’s first aircraft carrier.  During this tour, he began to address issues of increasing the number of aircraft operating from the Langley, expeditious launch and recovery of aircraft, and how to employ carriers as a weapon.  He organized flight deck personnel by function, assigning each group a specific colored jersey for easy recognition, a practice that still exists today.
  Admiral Reeves foresaw the need for offensive tactics and in 1926 his squadron demonstrated a dive-bombing attack against the fleet as it sortied from the west coast.  He was a proponent of multipurpose aircraft with offensive capability.  As a carrier commander, he led carrier employment during the Fleet Battle Problems of the early 1930s with strikes against land targets and fleet engagements.  Although a “Johnny come lately” to naval aviation, receiving his flight training as a Captain, his leadership greatly advanced offensive carrier doctrine in the fleet.

Others officers played key roles in early naval aviation development, but the exercises conducted by the fleets in the 1920s and 1930s were crucial to the evolution of tactics employed in World War II.  In 1923, the navy began its series of Fleet Battle Problems to study the tactics and doctrine of the fleet.  Many American strategists of the time felt that Japan would be the most likely opponent in a future war.  The vastness of the Pacific Ocean dictated the requirement for carrier-based aircraft.  The first few exercises used the Langley or battleships to simulate carriers operating in support of the main battle fleet.

By Fleet Battle Problem VII in 1927, the USS Lexington (CV-2) had entered the fleet bringing the ability to carry more aircraft to sea.  Then-Captain Reeves employed dive-bombing attacks during the exercise and demonstrated their usefulness in overwhelming enemy air defenses.
  Battle Problem VII also showed the need for carrier mobility, necessary for defending against an enemy air attack.  One of the post-exercise recommendations was that the carrier commander be given complete freedom of action in employment.
  At this stage, more and more naval aviation proponents felt that the aircraft carrier and its squadrons could be much more than just the fleet’s cavalry.

Fleet Battle Problem IX of 1929 saw the first use of multiple carriers with the Langley, Lexington, and Saratoga (CV-3), which also entered the fleet in 1927.  This exercise demonstrated the power projection capability of carrier aircraft with a coordinated attack by Saratoga and Langley against the Panama Canal.  The carriers operated independent of the battleships with a fast cruiser for support.  The two carriers also conducted strikes against the Lexington, which was defending the canal, and were attacked by her air group as well.  Although this exercise answered some important questions about how carriers could be used offensively, it also exposed several shortcomings in aircraft attack capability and the vulnerability of carriers to air and surface attack.

By the early 1930s, the battleship leaders of the navy still saw the carrier as nothing more than the “eyes of the fleet.”
  Naval aviation leaders, however, consistently advocated the attack role.  Early fleet battle problems in this decade demonstrated both the potential of carrier aviation attack and the carrier’s vulnerability, as opposing air groups continued to “sink” each other’s flattops.  There was a growing consensus that control of the air was paramount to fleet operations.  In Fleet Battle Problem XIII of 1931, carrier commanders continued to exercise their forces independent of the main fleet with the primary task of finding and destroying the enemy’s carriers.  It became apparent from this and later exercises that if carriers were to become the primary target at the outset of naval engagements the USN was going to need more of them.
  The navy would also need more capable aircraft with better-defined roles and missions.

At the inception of sea-based aviation prior to the First World War, the utility of aircraft was not considered much beyond serving as an observation platform for spotting for naval gunnery.  Early aircraft procurement fielded floatplane designs that could be carried by surface ships, and launched from and recovered on the water.  Through some rudimentary means of communication, these aircraft could locate and warn of the enemy fleet’s approach, and call in adjustments to friendly naval gunfire.  But, as demonstrated in land-based aviation during World War I, it became obvious that these observation aircraft could be vulnerable to enemy air attack.

As early as 1919, Lt. Cmdr Kenneth Whiting contended that control of the air over the fleet was paramount and that it could not be maintained by seaplanes.
  Carrier-based aircraft were needed not only for observation, but to protect one’s own aircraft and deny the enemy the same opportunity.  By 1927, fighting, or air superiority, had overtaken spotting as naval aviation’s primary mission.  That same year a board reviewing naval aviation policy directed the procurement of aircraft for fighting, scouting, and some means of offensive attack.
 

The potential for aircraft to search for and find the enemy fleet, and then attack it, was recognized early in the evolution of naval aviation.  Aircraft and weapons of the late 1920s and early 1930s lacked the capability to sink or cripple a heavily armored battleship or cruiser.  Fleet surface tactics called for destroyers and cruisers to conduct torpedo attacks against the enemy battle line prior to the main engagement.  An aerial strike in coordination with this preliminary attack would further the chances of slowing the enemy capital ships and provide an advantage to U.S. battleships.
  Once it was decided that enemy carriers should be the primary targets at the outset of any battle, it became necessary to devise a method of attack that would, at minimum, affect the enemy’s ability to launch and recover aircraft.

Pre-war Development of Attack Tactics

As American naval aviation leaders experimented with the potential of naval aviation in attacking enemy fleets at sea, several tactics evolved.  From the earliest stages of aircraft use in battle, they were fitted with bombs and flown straight and level in an attack profile.  This method was fraught with difficulties and inaccuracies when employed against ships at sea.  Torpedo attack was viewed as having great potential for damaging or sinking an enemy ship, and was in keeping with the institutional thought of the USN.  Pre-war activities focused on a search for the most accurate means of delivering a weapon and the most effective way of coordinating tactics in the attack.

The USN began serious development of dive-bombing in 1926 with a demonstration of the tactic by LCDR Frank Wagner.
  The British first used the tactic in World War I against German frontline positions.  In 1923 and 1924, the U.S. Army and United States Marine Corps also experimented with the diving attack.  The tactic called for planes to dive from an intermediate altitude, releasing the bomb low, with a high G-force pullout.  U.S fleet exercises in 1926, conducted by several carrier-based bombing squadrons, resulted in average hit scores of 67 percent, nearly double that for conventional level bombing.
  A year later, dive-bombing was proven to be more accurate against a maneuvering target, and aviators observed that the steeper the dive, the better the result.  This test also showed the difficulty in defending against the dive, making the tactic survivable as well as accurate.  Airframes of this period, bi-planes with fabric-covered wings, had limitations due to the high stresses involved in recovery and in carrying an effective bomb load.  Later models, designed around an all metal mono-wing airframe, were equipped with dive brakes that allowed the aircraft to achieve a stable 70-degree dive at a terminal velocity of 240 knots, with a release at approximately 2,500 feet and a 4-5 G pullout.
  Bomb loads were increased to 500 and 1000 pounds, making the tactic formidable.  By 1940, dive-bombing was considered to be the primary strike weapon of U.S. carriers, and Bombing (VB) and Scouting (VS) squadrons routinely practiced the tactic.

Horizontal, or level, bombing was also practiced as a primary tactic in the fleet.  The famous Norden bombsight was actually developed for the USN, beginning in 1921.  Later models of the gyro-stabilized sight were designed with a capability against maneuvering targets, and were installed in the TBD-1 “Devastator” and the TBF-1 “Avenger.”  The delivery tactic called for the aircraft to be flown straight and level on a steady course prior to release.  Better accuracy was achieved by releasing at a low altitude, but this would place the aircraft well within the target’s anti-aircraft artillery (AAA) envelope.  High-altitude release was also required for generating the appropriate terminal velocity for armor-piercing bombs to penetrate heavy armor.  From 1932 to 1941, annual bombing exercises were conducted against the USS Utah.  Dive-bombers outperformed level bombers in these tests with three times as many direct hits and half again as many effective hits.
  In later years, as advances in AAA forced level bombers to higher altitudes, the performance disparities were even greater.  Even so, fleet doctrine emphasized bombing over torpedo delivery proficiency for Torpedo-Bombing Squadrons (VT) as late as 1941.

USN attack squadrons also developed glide bombing, a compromise between the steep dive and the high horizontal delivery.  Only aircraft fitted with dive brakes could achieve the 70-degree dives without overstressing the plane.  Diving at a lesser angle could be performed by other aircraft, and permitted greater accuracy than the level delivery.  This tactic could also be used when overcast weather prevented the dive or high horizontal attack.  Glide bombing was used effectively later in the war by TBF-1 “Avengers” and fighters that were capable of carrying bomb loads.

The British were the first to experiment with aerial delivery of a torpedo, and demonstrated several successes in World War I.  The USN understood the ability of the torpedo as a weapon and, before the diving attack tactic came along in 1926, the torpedo was considered the primary anti-ship weapon.
  Naval aviation attack pioneers developed the tactic as a complement to the surface ship torpedo attack.  Fleet doctrine called for Torpedo Squadrons (VT) to attack an enemy battle line on the unengaged side.
  The flight would split into two groups and attack from different directions.  But, several problems with the tactic were highlighted during exercises in the 1920s and 1930s.  The Mk-7 torpedo, originally a submarine fired model adapted for aerial delivery, required a very low altitude and airspeed drop (15-50 feet and less than 40 mph).  This model was very heavy, and required too long of an aircraft take-off run for the small carriers like the USS Ranger (CV-4).  Some pilots recommended abandoning the tactic altogether.
  By the late 1930s, the new Mk-13 torpedo offered a slightly larger release envelope.  The introduction of the TBD-1 “Devastator,” in 1936, brought a significant increase in capability over its predecessors.  The requirement for a relatively low and slow delivery, however, placed the attacker at a severe disadvantage, one that would become tragically evident at the Battle of Midway in 1942.  Still, the USN recognized the potential damage that a torpedo could inflict on an enemy ship.  The institutional doctrine of surface torpedo attack, as well as the need for a useful tactic in poor weather or at night, kept aerial torpedo attack in naval aviation’s tactical inventory for World War II.

Comparison to Other Naval Powers

The evolution of USN carrier-based airpower doctrine, and the roles attack aviation would play in the naval battles of World War II, can be compared to the same development in the other two naval powers of the period.  Great Britain was the first power to embrace naval aviation at sea, pioneering many of the capabilities and roles that would be used in the war.  She had the most capable carrier force of any nation at the end of World War I.  Japan, which modeled its navy after the British, benefited greatly from the Royal Navy’s lessons in carrier development.  A further look into these two navies reveals many of the same concepts and developments in the USN during this period.

Like their counterparts in the USN and IJN, leaders of the RN considered the battleship to be the capital ship for bringing about a decisive engagement with an enemy fleet.  Doctrinally, fleet aviation was an integral part of the battle fleet.  The role of the RN’s Fleet Air Arm was reconnaissance - to find the enemy fleet and facilitate the main engagement, while protecting their own gunnery spotting aircraft.  As an attacking force, aircraft could also damage and slow enemy ships with torpedoes, but the battleships and cruisers would ultimately decide the fight.
  With a sound doctrine for employing naval aviation in support of the fleet, the development of appropriate tactics was hampered by a decision made at the end of WWI.  From 1918 to 1938, the Fleet Air Arm operated within the Royal Air Force (RAF) under a system of “dual control” between the Admiralty and Air Ministry.  With the RAF’s focus on strategic bombing and fighter defense, naval aviation concerns were given a very low priority.  British naval aviation lacked a senior voice for establishing policy on training and aircraft procurement, contrary to both the Japanese and American navies.  By the time the Fleet Air Arm was turned back over in 1937, British naval aviation had lost an entire generation of leadership.

Through this challenge, however, the RN was operating two modern aircraft carriers by 1939, and had a fleet of seven by 1941.  Her expectation of conducting operations within the range of enemy land-based aircraft in the eastern Atlantic and the Mediterranean Sea influenced her carrier design.  Heavy armor and AAA batteries provided means of protection, but at the cost of cruising range and aircraft carrying capacity.  The Fleet Air Arm in 1939 was woefully deficient, fielding only 147 torpedo/spotting/reconnaissance aircraft and 34 fighters.
  Nevertheless, her modest carrier-based attack capability would give an excellent account of itself during the first years of the war.  The multi-role “Swordfish,” a two-seat biplane introduced in 1936, carried much of the attack burden.  Although obsolete by U.S. and Japanese standards, they delivered several key successful blows for the RN.

The RN’s first significant carrier strike came in November of 1940, when 21 “Swordfish” from the HMS Illustrious attacked and torpedoed the Italian Fleet at its main base in Taranto.  They attack sank and damaged three battleships and served as a motivation for the Japanese strike on Pearl Harbor a year later.  In March of 1941, “Swordfish” from HMS Formidable seriously damaged an Italian battleship and cruiser at Cape Matapa.  The RN’s carrier attack squadrons achieved perhaps their greatest victory in May of 1941.  “Swordfish” from Illustrious and Ark Royal damaged and then helped sink the German battleship Bismarck in the North Sea.  Collectively, the attacks shifted the balance of naval surface power clearly to the Royal Navy in the eastern Atlantic and Mediterranean.

The IJN also experimented with aviation at sea in WWI.  Seaplanes successfully attacked German colonial possessions in the Pacific.  Seeking to expand this capability, the Japanese accepted a British mission in 1921, for the purpose of aircrew training, aircraft design and production, and carrier-based operations.  They launched the world’s first keel-up carrier, the Hosho, in 1919, and she served as an experimental vessel, similar to the USS Langley throughout the interwar period.
  The most significant event to influence Japan’s development of naval aviation was the Washington Naval Treaty of 1922, which left the IJN at a disadvantage to the USN and RN in capital ship tonnage.  The Japanese sought to counter this through the use of carrier and land-based aircraft.  Like their counterparts in the U.S., Japanese naval aviation proponents secured a Bureau of Aviation within the Navy Ministry and established a sound, senior leadership voice for policy, procurement and doctrinal development.  Additionally, all Japanese naval officers were required to attend flight training, further institutionalizing the importance of aviation in the fleet.
  IJN doctrine in the 1920s and 1930s centered on defense of the home islands and, as with the USN and RN, carriers played a supporting role for the main battle fleet.  Missions for naval aircraft included reconnaissance, torpedo attack, horizontal bomb attack, and defensive air patrol.  Dive-bombing was introduced in 1933, giving carrier airpower a much greater offensive capability.  During the interwar period, the IJN conducted regular fleet exercises, with carriers operating in divisions of two or more CVs, independent of the main battle fleet.  Their mission was to locate, attack, and destroy enemy carriers with various forms of aerial attack.

The IJN’s experience in operating large numbers of carriers together gave her great confidence in the offensive role, and her CVs were designed to carry large complements of attack aircraft.  By the late 1930s, carrier-based attack doctrine favored surprising an enemy force with massed concentrations of aircraft.  The primary target would be the U.S. aircraft carriers.  Like the USN, Japan’s naval leaders fielded aircraft for specific missions.  Torpedo attack was one of the first tactics, as it was compatible with those of the surface fleet.  Carrier-based torpedo squadrons, equipped with the Nakajima B5N “Kate,” would attack an enemy ship by splitting the flight to opposite sides of the target in an envelopment maneuver.  These squadrons were also assigned the mission of high-altitude horizontal bombing, but they lacked a sophisticated sight like the one fitted to U.S. torpedo-bombers.  IJN aircrews found the same difficulties as their USN counterparts in hitting a maneuvering target, but continued practice fostered greater proficiency.
  Land-based long range Mitsubishi G4M1 “Betty” bombers also served as torpedo and horizontal bombers for the fleet.  Dive-bombing provided the ultimate offensive punch.  Aichi D3A “Val” equipped squadrons would execute this tactic by diving from 10,000 feet at a 65-degree angle, releasing at 2,000 feet.  Exercises conducted in 1939 and 1941 yielded direct hit ratios of 53 to 57 percent.

The effectiveness of Japanese naval aviation doctrinal and tactical development is demonstrated by their early successes in the war.  Like the USN, they learned valuable lessons about concentrating attack power in massed formations and gaining air superiority from their operations in China.  By the time of the attack on Pearl Harbor, their offensive airpower doctrine included simultaneous coordinated attacks by torpedo planes, horizontal bombers, and dive-bombers, all protected by large numbers of fighters.  In December 1941, and continuing into early 1942, Japanese naval aviation wrecked Allied surface fleets in Hawaii and the Western Pacific, including the sinking of the HMS Hermes, Prince of Wales, and Repulse.  Throughout the rest of 1942, Japanese carrier and land-based aircraft sank four large U.S. carriers, nearly achieving the decisive victory they sought in December 1941.  Not until the loss of her four carriers at Midway, and the irreplaceable loss of her highly trained aircrews in the battles of 1942 and 1944, did the IJN’s capacity for offensive operations wane.

Conclusions

During the interwar period, U.S. naval aviation benefited from strong leadership with an exceptional vision of the potential of sea-based airpower.  The Fleet Exercises in the 1920s and 1930s provided a valuable stage for testing the offensive doctrine and tactics that would serve the USN in WWII.  Naval aviators carefully determined the roles and mission for war at sea and procured aircraft capable of achieving those missions.  Although the battleship remained the capital ship of the fleet in 1941, and a decisive engagement by surface forces remained the ultimate objective, the USN recognized the necessity of air superiority.  By striking the enemy’s carriers first, an advantage in the ultimate battle would be gained.

The roles and mission of carrier airpower were translated into effective tactics of bombing and torpedo attack.  These tactics would not necessarily achieve success separately or sequentially, but by a coordinated attack from multiple directions and by multiple methods.  Many of the discoveries and decisions made by the USN during this period were also made by the other naval powers.  The role of aircraft carriers in the fleet, the offensive potential of airpower at sea, and the means for delivering attack were all developed with similar results, thus laying the course for war at sea in the Pacific Theater during World War II.

Question 2: How and why did the tactics and doctrine of employment change during the Pacific War?

On December 7,1941, the Imperial Japanese Navy put over twenty years of naval air power development to good use by knocking out the U.S. Pacific Fleet battleships at Pearl Harbor.  In just under three hours, her carrier air groups expertly applied massive concentrations of aircraft in multiple tactics of dive-bombing, high-altitude horizontal bombing, and torpedo attack against U.S. warships moored and at anchor.  The American naval doctrine of defeating an enemy at sea with a decisive surface engagement was out of the question for now.  Fortunately, the USN had also developed an offensive doctrine for carrier-based airpower, which would be her primary means of taking the fight to the IJN for the first six months of the war.  For 1942, America’s pre-war carrier force would have to hold the line until the survivors of Pearl Harbor could be repaired, and the additionally authorized construction units entered service.

The USN’s interwar development of naval doctrine emphasized the importance of air superiority and the offensive potential of carrier-based aviation.  Through a synergy of practiced application and technological capability, U.S naval aviators determined that the best tactic for inflicting damage on an enemy fleet would be through coordinated, multiple methods, all simultaneously applied.  With concentrated air groups of dive and torpedo bombers, protected by fighters, the USN could overwhelm enemy defenses and achieve a reasonable chance of success.  This section, through an examination the aircraft and capabilities, the coordinated tactics, and the results of application in the major carrier battles from 1941-1942, and 1943-1945, will answer how and why the tactics and their employment changed.

1941-1942

The period from the attack on Pearl Harbor until the end of 1942 offers a revealing window for studying the application of pre-war tactics and doctrine.  By January 1942, the USN had five carriers in the Pacific (Lexington, Saratoga, Yorktown, Enterprise, and Hornet) and two in the Atlantic (Wasp and Ranger).  The standard air group on each CV was composed of one squadron of each of the following: VF – 18 F4F “Wildcat” fighters, VT – 18 TBD-1 “Devastator” torpedo-bombers, VB and VS – 36 SBD-2/3 “Dauntless” dive-bombers.  In contrast to the IJN, the US used all CV assets for search.
  The VS squadron was assigned primary responsibility, but carried a lighter bomb load than the VB aircraft to increase its search radius.  Theoretically, VS aircraft, after reporting the location of the enemy carriers, would attack and attempt to disable their ability to launch aircraft, while the main strike force of VB and VT aircraft would be launched from the U.S. carriers.

The Douglas SBD “Dauntless” was the fleet dive-bomber for VB and VS squadrons at the outbreak of the war.  Designed in the late 1930’s and fielded in squadrons by 1940, the “Dauntless” was capable of carrying a 500 up to a 1,600-pound bomb from the centerline and 100-pound bombs from wing racks.  By the time it first saw combat in early 1942, the third version of the model had entered the fleet, giving the plane an improved range of over 1300 nautical miles for bombing and 1500 miles for scouting.  A two-seater with a pilot and rear-gunner/radio operator, the SBD was capable of a maximum speed of 250 knots, was very maneuverable, and fared very well in aerial combat with its twin forward-firing .50-caliber guns and rear-firing .30-caliber gun.  Its dive brakes, upper and lower trailing edge wing spoilers, stabilized the plane at 240 knots in a 70-degree dive.  The “Dauntless” was well liked by her aircrews and achieved great success in the attack role, both carrier and shore-based, during her service in the war.

The Douglas TBD-1 “Devastator” entered the fleet in 1936 as the USN’s first all metal mono-wing aircraft, and the first with folding wings.  She was a significant improvement over her bi-plane predecessors.  A three-seater with a pilot, second pilot/bombardier for the bombing mission, and rear-gunner/radio operator, she served as the fleet’s carrier-based torpedo and horizontal bomber.  The “Devastator” carried a 2,000-pound Mk-13 torpedo that protruded from the centerline rack at a 10-degree down angle to facilitate proper water entry after release.  This caused considerable drag and limited the torpedo plane to a maximum 130 knots in this configuration.  She was normally fitted with 100, 500, or 1,000-pound bombs in the high-altitude land attack role, the mission emphasized most during pre-war training.  The “Devastator’s” maximum speed of around 150 knots, level, was considerably less than her competitor, the “Kate,” as was her range.  Mk-13 torpedo limitations required a release of approximately 110 knots and 50 feet.  This placed the “Devastator” in a vulnerable position during the attack run.  Not a single TBD was lost in aerial combat (during an attack) from January through May of 1942.  At the battle of Midway, however, 37 of 41 were lost, including all from two carrier-based squadrons.
  This served as the “Devastator’s” last battle, and she was retired as increasing numbers of the new TBF/TBM-1 “Avenger” entered the fleet.

The key to a successful air attack by the USN was coordination for mutual support between the dive-bombers, torpedo-bombers, and fighters.  Pre-war doctrine emphasized massive concentration of aircraft to overwhelm the enemy, but this concentration would occur only within single air groups.  Although U.S. carriers operated within the same task force during the first year of the war, each CV operated independently with her own escorts and conducted strikes with her own air group.  Navy leaders feared multi-carrier groups would be more vulnerable to attack than single-carrier groups.

The coordinated tactic would involve an air group rendezvous of three possible types.  In an urgent departure, individual aircraft sections departed immediately and rendezvoused en route to the target.  A normal departure required squadrons to rendezvous overhead, but they did not wait for the other groups.  This allowed escorting fighters assigned to specific groups to form up.  In a deferred departure, the entire air group formed up overhead the carrier as one tactical unit.  This procedure would most likely produce a coordinated attack and make better use of limited fighters, but it also took time and fuel to execute.
 In an approach to the target, dive-bombers would fly at high-altitude (15,000 feet) and torpedo planes at low altitude (2,000 feet).  Fighters would normally fly with the VB/VS squadrons at the high level, but their primary job would be to protect the slower “Devastators.”  Once the enemy force was sighted, the squadron and division leaders would determine specific targets to be attack and deploy their formation.  As the torpedo-bombers made their long attack runs, they would maneuver to bracket the target in an anvil attack, with the goal of achieving at least one broadside delivery.  To cover the VT approach, VB and VS squadrons would push over into a 70-degree dive from multiple directions on their target, while the “Wildcats” engaged the Japanese CAP.  After delivering their weapons, the squadrons and air groups would egress the area at low altitude and rendezvous at a pre-determined range and bearing for the return to their own carriers.  If poor weather conditions, the inability to rendezvous en route to the target, or the urgent need of attack prevented this coordination, each squadron was to deploy and attack immediately without support.  The ultimate goal was to attack the Japanese carriers before they could attack the U.S. fleet.  Carrier strikes against shipping in the early months of the war highlighted the need for greater numbers fighters to provide escort and fleet protection.  Carrier commanders forewarned the necessity of fighter protection for torpedo squadrons if their mission was to succeed.  Carrier fighter complements, however, were not increased until late 1943.

The wartime application of this doctrine and these tactics can be studied from the four major carrier battles that occurred in 1942.  The first battle occurred in May in the Coral Sea.  A Japanese force of one light and two heavy carriers were covering an invasion force headed for Port Moresby on the southern coast of New Guinea.  Two U.S. task forces with Lexington and Yorktown maneuvered to intercept them.  American search planes sighted the light carrier Shoho on the morning of May 7.  The U.S. launched a strike group including 53 SBDs and 22 TBDs from the two carriers.  Lexington executed a deferred departure and her planes arrive over the target first.  In a coordinated strike, the SBDs of the VS squadron and CAG section attacked first to disable the CV’s flight deck.  The VB squadron followed closely while the VT squadron made its run to the target.  The Yorktown’s air group, which had launched on a modified normal departure, then arrived and attacked with SBDs, followed by TBDs.  For the loss of two dive-bombers, the Americans scored 13 bomb and 7 torpedo hits on the Shoho, which quickly sank.
  The following day, low cloud cover over the Japanese force prevented the high-low coordinated attack by both air groups.  After locating the larger enemy carriers, the U.S. attacked with 39 SBDs and 21 TBDs.  The Yorktown air group, following a similar departure from the previous day, achieved some coordination between VB and VT, but only two bombs hit the Shokaku.  The disorganized Lexington air group then found the heaver carrier and scored one more bomb hit, putting her out of action while losing four more SBDs.  The battle was a strategic victory for the U.S. for it stopped the invasion, but at the cost of the Lexington.

The second battle occurred one month later at Midway.  A large Japanese fleet supported by four heavy carriers set out to invade the small island and draw out the U.S. Pacific Fleet in a decisive battle.  The USN, with intelligence on the IJN’s intentions, deployed its three remaining operational carriers in defense.  On the morning of June 4, six separate attacks were conducted on the Japanese fleet from Midway-based aircraft with no hits on major warships.  The Hornet and Enterprise air groups launched first on the reported position of the enemy carriers.  Each U.S. carrier launched its air group in a different order of attackers.  Three VT squadrons, with 41 TBDs, separated from the bombers and fighters en route to the target, and sacrificed themselves in unsupported attacks against the Soyru, Hiryu, and Kaga.  Although they scored no hits for at least six torpedoes dropped, they did draw the CAP to low level and opened a hole for the dive-bombers.  Almost simultaneously, 44 SBDs from the VS and VB squadrons of Enterprise and Yorktown attacked the Kaga, Akagi, and Soryu, scoring 10 hits and sending all three carriers to the bottom.  Later that afternoon, 41 “SBDs attacked the remaining Japanese carrier and a battleship, scoring 4 hits and sinking the Hiryu.
  The American victory was arguably the turning point in the Pacific War, but it came at a great cost of 37 TBDs that made an uncoordinated attack.  Additionally, the Yorktown was lost in the battle.

Two more carrier battles occurred in the Southwest Pacific during 1942.  On August 24, the Enterprise and Saratoga faced off against the Shokaku, Zuikaku, and the light carrier Ryujo in the Eastern Solomon Islands.  That afternoon, the American force attacked with over 30 SBDs and 7 TBF-1 “Avengers,” which had replaced the “Devastator” as the fleet torpedo-bomber.  With one torpedo hit and three bomb-near misses, the Ryujo was set aflame and later sank.  But, two heavy carriers escaped. 
   A month later, a U.S. task force with Enterprise and Hornet supported Guadalcanal from the waters near the Santa Cruz Islands.  On October 26, they encountered the Shokaku, Zuikaku, and the light carriers Junyo and Zuiho.  Early that morning, two scouting SBDs attacked the latter with 500-pound bombs, scoring one hit that damaged her aft flight deck and put her out of the fight.  From 0730 until 0815, the U.S. launched 73 planes in three groups.  Fifteen “Dauntless” dive-bombers conducted a disorganized attack on Shokaku and scored four hits with 1,000-pound bombs.  The Hornet’s TBFs conducted attacks on two heavy cruisers with no hits.  Throughout both engagements, each attack was conducted piece-meal, without coordination between dive and torpedo-bombers.
  The USN seriously damaged two Japanese carriers, but had lost the Hornet and was left with only one damaged carrier remaining in the Pacific.

1943-1945

From February until October 1942, U.S. carrier-based dive and torpedo-bombers sank six Japanese carriers and put three others out of action.  Only one time did the USN successfully execute its pre-war doctrine of a coordinated attack against a defended force – the first day at the Battle of Coral Sea.  Torpedo attack had proven successful only if coordinated with a dive-bombing attack and fighter support, but a slow aircraft and significant torpedo reliability problems plagued the tactic.  The SBDs had validated the pre-war assumption of the survivability and power potential in the dive-bomber.  After the Battle of the Santa Cruz Islands, USN and IJN carrier groups retired to replenish their losses in ships and aircraft.  Surface naval battles would reign until mid-1944.

This period saw the introduction of replacements for the fleet dive and torpedo-bombers.  In late 1943, the Curtis SB2C “Helldiver” was fielded to USN VB squadrons.  The plane began its development as a successor to the Dauntless in the late 1930s, and it experienced many problems during this stage.  The prototype was very unstable and difficult to fly, and these characteristics survived to some extent in the production models.  Design fixes delayed introduction of the “Helldiver” until mid-war.  It was an improvement over the SBD in speed (281 knots) and payload (100-1,600-pound bombs or a torpedo in an internal bay).  Initially, it was not well received by aircrews because of its difficulty to fly, and some squadrons actually delayed their transition in 1944.  Her first major fleet action occurred at the Battle of the Philippine Sea, where 43 of 47 were lost on one mission, mostly due to fuel starvation.  The SB2C, however, was a rugged plane and went on to great success during the war.

The Grumman TBF/TBM-1 “Avenger” saw its first combat at the Battle of Midway in 1942.  A detachment of VT-8 operated six aircraft from the island itself, and in their attack on the enemy fleet, five were lost in action.  The replacement for the “Devastator” was ordered in 1940, and production models began entering the fleet in numbers by August of 1942.  An extremely stable aircraft in all regimes, the TBF had a maximum speed of 257 knots (much greater than the TBD), a range of 1,100+ nautical miles, and a payload of four 500 bombs, one 1,000-pound bomb, or a single torpedo in an internal bay.  She was also equipped with forward-firing .50-caliber guns, and upper (turreted) .50 caliber and lower 30-caliber rear-firing guns.
  With a crew of three, the “Avenger” flew more missions as a level and glide-bomber than as a torpedo plane.  By the end of the war, the TBF had flown nearly as many missions and delivered more than twice the ordnance of all the dive-bombers, while averaging the lowest loss rate per sortie of all carrier-based aircraft.

Navy attack doctrine and tactical procedures were delineated in a fleet instruction (USF-74) that was updated in 1944.  The revision continued to emphasize massive concentration with multiple methods in a coordinated attack.  Approach altitudes were determined by weather and situation.  Once a target was sighted, divisions and sections would disperse according to attack method.  Dive-bombers, approaching between 8,000 and 30,000 feet, would fan out 10 miles from the target, and push over to attack from different directions.  From 4,000 to 8,000 feet, glide bombers (TBF and fighters) would make a high-speed descent toward the target after the dive-bombers commenced their dives.  In any low-level attack (less than 2,000 feet), no more than three planes would attack the same target simultaneously.  Torpedo groups, after making a high-speed descent to 2,000 feet and five miles ahead of the target, would disperse to one or both sides for an anvil attack.  Fighters were required to escort each group from dispersal through retirement from the strike.  Initial groups would normally make a divided attack from multiple directions to increase the enemy’s confusion in defense.  If the enemy force were already engaged, attack groups would conduct a mass, simultaneous and quick, attack from one direction (sun, cloud cover, weak AAA).  At night, small groups of aircraft were favored in a low-level method with some form of illumination, and followed by torpedo planes against crippled enemy ships.  U.S. carrier air groups followed these procedures during battles in the later period of the war.

The last two major carrier battles were fought in 1944.  The first occurred in June near the Marianas Islands.  The standard air group on each CV at this time had the following: VF – 40 F6F “Hellcat” fighters, VT – 32 TBF/TBM-1 “Avenger” torpedo-bombers, VB – 18 SB2C “Helldiver or SBD “Dauntless” dive-bombers.  Fifteen fast carriers in four multi-carrier groups (the USN had adopted these as the standard operating organization), with a total of over 500 aircraft, were assigned to defend the amphibious assault on Saipan.  The Japanese responded with nine heavy and light carriers, 497 carrier-based aircraft, and 600 land-based aircraft.
  On June 19, USN fighters engage attacking IJN aircraft and destroy over 300, at the cost of only 30 defenders.  American submarines also sank the Shokaku and Taiho.  Late the following day, 215 planes, including 54 TBF/TBM-1s, 51 SB2Cs, and 26 SBDs in their last action of the war, were launched at maximum range against the remaining enemy force.  Faced with fading daylight, low fuel states, and poor proficiency in torpedo attack, the six U.S. air groups made independent and uncoordinated attacks by dive and glide-bombers.  In the end, three oilers and three carriers were heavily damaged.  The one TBF squadron armed with torpedoes, however, scored three hits and sank the Hiyo, the only IJN carrier claimed entirely by torpedo attack in the war.  The engagement cost the USN 100 aircraft, most due to fuel starvation from the extreme range of the battle.  Still, five enemy CVs escaped to fight another day.  The Americans failed to achieve the decisive carrier battle they sought, but IJN carrier air power was annihilated and was never again a serious threat.

The final carrier engagement of the war came in October 1944, at the “greatest sea battle in history.”  The IJN made a last-ditch effort to inflict serious damage on the U.S. Fleet by attacking the landing force at Leyte Gulf in the Philippines.  Their main effort would come from several surface forces of battleships and cruisers, supported by land-based aircraft, and four carriers that would act as bait to draw the USN fast carriers away from Leyte.  Admiral Halsey commanded the Third Fleet with 17 fast carriers and nearly 1000 aircraft.  On October 24, Task Force 38 planes attacked the Japanese surface force approaching from the west and sank the battleship Musashi.  On the morning of the 25th, ignoring a surface force heading directly toward Leyte, Halsey’s force launched its attack on the Japanese carriers off Cape Engano.  Six U.S. air groups conducted coordinated attacks against the Japanese fleet, supervised by an airborne mission commander that directed the different groups to different targets.  The entire force scored at least 11 bomb and 12 torpedo hits, and sank one heavy and two light carriers (an additional damaged carrier was finished off by USN cruisers and destroyers.  In the last major naval battle of the war, the IJN lost 29 warships, and ceased to be an effective force.

Doctrinal/Tactical Changes and Reasons

The USN’s carrier aviation attack doctrine matured during the war.  Many of the pre-war philosophies on the employment of aircraft against targets at sea remained unchanged.  For example:

1. The critical importance of gaining and maintaining air superiority in the attack

2. Attack and destroy enemy carriers before they can launch their strikes

3. A coordinated attack by bomber and torpedo aircraft offered the best chance of success against a maneuvering and defended enemy

4. A mass concentration of force was required to overwhelm enemy defenses

5. The power potential of dive-bombing

Three key changes to the doctrine and tactics, however, highlight the evolution of attack aviation during the war.

The first change regards the approach altitudes that air groups used en route to the target.  Pre-war doctrine placed dive-bombers and fighters at high altitudes and torpedo-bombers at low altitudes.  VT squadron leaders had recommend doctrinal changes to allow their planes to ingress at a higher altitude, offering a better perspective of the enemy disposition and increased speed in a descending approach.  However, U.S. fleet leaders’ pre-war fears of IJN radar capability led to the approval of only low approaches for VT squadrons.
  By 1944, USN doctrine directed three levels of approach.  Initial strikes against naval targets would approach at 15,000 to 30,000 feet, providing greater visibility for locating the target.  Intermediate altitudes (8,000 to 12,000 feet) would be used if weather conditions dictated.  This level would still facilitate dive-bombing.  Low altitudes (less than 1,000 feet) would be used only at night for low-level bombing and torpedo attack.  This change in doctrine was sound.  By this period, VT squadrons had a faster and better-defended aircraft in the “Avenger,” and fighter escorts were directed to follow the attackers all the way through the strike.  Also, the USN recognized that the tactical advantage of altitude outweighed the element of surprise that may be lost to early radar detection by the enemy, especially given the IJN’s diminished capabilities in defense.

The second change deals with the distribution of ordnance in an attack and the introduction of an overall mission commander for strikes.  Through 1942, the Carrier Air Group Commander (CAG) served in this role for attacks made by his group.  More often than not, the CAG led the first wave into the target, rather than remain overhead and direct the battle.  Significant lessons were learned at Coral Sea when two air groups pumped 13 bombs and 7 torpedoes into the tiny Shoho, while other warships went unscathed.  Attacks on Japanese carriers during the war demonstrated that relatively few hits were required to knock the CV out of action.  In 1944, the USN began assigning an Air Tactical Commander for strike group.  Their role would be to monitor the progress of the attack and apportion strikers among priority targets: carriers, battleships, cruisers, and smaller warships
.  The requirement for an ATC was crucial as the USN began operating multi-carrier task groups, and air groups from more than one carrier were often combined on certain strikes.  At the Battle of Leyte Gulf, off Cape Engano, senior ATCs were airborne for over nine hours while directing six separate air groups against over dozens of Japanese warships.

The third significant change regarded the role and employment of the torpedo attack.  TBD losses in the Battle of Midway clearly demonstrated the vulnerability of this method, especially in the face of heavy fighter defenses.  Although the torpedo held great potential for sinking an enemy ship, its use came at great cost to the attacker.  The Battle of the Coral Sea, however, demonstrated that a properly coordinated attack with escorting fighter protection could succeed without unbearable loss.  By the later period of the war, VT squadrons were equipped with the faster and better-armed TBF/TBM-1s.  Doctrine evolved to emphasize the coordination of torpedo attacks with dive-bombing attacks until enemy fighter opposition was eliminated.  VT squadrons were not to proceed ahead of the VB units, but begin their attacks after the first bombs began to fall.  At night, however, torpedo attack could be performed in conjunction with low-level radar bombing.

The torpedo delivery tactic had also changed from pre-war training.  A bracketing, or anvil, attack was still favored against a maneuvering target, but the method of approach was updated.  The observed Japanese defense for a torpedo attack was to turn in a complete circle until all weapons were evaded.  After Coral Sea, VT squadrons modified their tactic to approach the target so that their torpedoes were released either from the target’s rear quarter inside the turn, or from slightly off the target’s bow outside the turn.  A multi-division or section attack could compete the anvil using both the inside and outside approach.
  The 1944 doctrine emphasized a head-on approach (30-35 degrees off either bow) to the target to facilitate deployment for this tactic and prevent a possible stern chase.

Conclusions

The two significant periods of the carrier war in the Pacific highlight how and why doctrinal and tactical changes occurred.  Aircraft capabilities had an important role in the changes.  Both periods had a capable dive-bomber, but the torpedo-bomber capabilities were not significantly increased until the introduction of the “Avenger” in late 1942.  Attack doctrine continued to emphasize air superiority, coordinated attacks, and the priority of destroying the enemy’s carriers first.  The first major carrier battle, Coral Sea, demonstrated a successful coordinated attack, but circumstances in later battles prevented optimum coordination, and torpedo planes suffered greater losses.  By the later period, doctrine had evolved to improve coordinated attack procedures, and tactical changes, as well as aircraft capabilities, improved the survivability of the torpedo attack.  Better command and control of strike groups, an increasing advantage in numbers of aircraft, and the diminishing ability of the IJN all contributed to the ultimate success in the war at sea.  

Question 3: Did one tactic prove more effective than the others?

The well-thought-out development, challenging application, and critical mid-war evolution of the multiple methods of carrier-based aviation attack leads to the question of whether one method proved to be more effective than the others.  This is a difficult inquiry to tackle, as true effectiveness may not be measured necessarily by just tallying how many sunk and damaged enemy carriers or warships were credited to each form of attack.  Other circumstances played a role in how each method and tactic was employed during the war and how successful they may be considered in defeating the IJN.  Three areas to be considered in studying effectiveness are what were the pre-war expectations of naval attack aviation, how did the different methods of attack compare in coordinated and uncoordinated strikes, and what role extraneous factors of the war played in tactical employment of dive-bombing, glide-bombing, and torpedo attack.

Pre-war Expectations

Pre-war USN attack aviation centered on the philosophy of mass concentration of a carrier air group’s bombers, torpedo planes and fighters, in a coordinated attack against an enemy force.  To gain air superiority, the enemy’s carriers would be the primary targets.  Multiple-carrier operations had not been exercised as doctrine due to the belief that a group of CVs operating within the same screen would be more vulnerable to attack by a concentrated enemy air force.  Dispersal of each carrier task group offered the best protection.  This policy was later reinforced by the Japanese’s experience at Midway and remained unchanged until the large numbers of carriers entered the fleet in 1943.  When more than one carrier participated in the same operation, each air group would launch separately, sometimes arriving over the same target simultaneously.  Any coordination was expected to by executed within an air group by fighters clearing the enemy CAP, dive-bombers attacking from high-altitude first, and torpedo planes following at low-level on either side of the target.  The dive-bombing method was expected to have the greatest potential for inflicting damage because of the accuracy of the delivery, and be the most survivable profile due to minimum exposure in the AAA envelope.  The torpedo attack also held great potential for sinking an enemy ship, but the delivery profile made the attackers extremely vulnerable to enemy defenses due to the extended exposure to AAA and fighters.  Only a well-executed and coordinated attack could be achieved with minimum losses.  However, the fog and friction of war led to uncoordinated attacks more often than not.

Comparison of Attacks: Coordinated and Uncoordinated

During World War II, U.S. carrier-based aviation alone sank 159 Japanese warships (28 carriers, battleships, and cruisers) and 275 merchantmen.  Another three warships and 41 merchantmen were sunk with the aid of other forces.
  The target that most required a coordinated attack, however, was an enemy carrier force.  It was the most heavily defended with fighters and AAA that could counter separate, single method attacks.  

Table 1. Results from USN Coordinated and Uncoordinated Attacks on IJN Carriers

	
	CVs
	Attackers
	Losses
	Hits
	Enemy 

	Battle/
Date
	USN/IJN
	Coord

Yes/No
	Waves/

VSB/VT
	VSB/VT
	Bomb/

Torp
	Sunk/

Damaged

	
	
	
	
	
	
	

	Coral Sea

  7 May 42
	2/1
	Yes
	2/53/22
	3/0
	13/7
	1 CVL sk

	Coral Sea

  8 May 42
	2/2
	Yes

No
	1/24/9

1/15a/12
	2/0

4/0
	2/0

1/0
	1 CV dg

	Midway

  4 Jun 42
	3/4
	No

No
	4/84b/41

2/41/0
	21/37

2/0
	10/0

4/0
	3 CVs sk

1 CV sk

	East Sol

  24 Aug 42
	2/3
	No
	1/30/7
	unk/3
	3 nmc/1
	1 CVL sk

	Santa Cruz

  26 Oct 42
	2/4
	No

No
	1/16/0

2/15/unk
	0/0

2/1
	1/0

4/0
	1 CVL dg, 1 CV dg

	Phil Sea

  20 Jun 44
	15/9
	No
	1/77/54
	47/29d
	3/3

6 nm
	1 CV sk,

1 CV/2 CVL dg

	Leyte Gulf

  25 Oct 44
	17/4
	Yes
	6/unk
	19/11
	11/12
	1 CV/

2 CVL sk

	

	  Total

  Coord.
	20/6
	Yes
	
	VT: 11
	26/19
	4 CV sk

2 CV dg

	  Total

  Uncoord.
	23/21
	No
	
	VT: 70
	34/4

9 nm
	6 CV sk

4 CV dg


Sources: Author’s collation of published data.

a Only 5 SBDs attacked in shallow dive due to weather.

b 31 SBDs (VS-8/VB-8) did not find target.

c Near miss.

d Most losses due to fuel starvation.

Table 1. depicts a breakdown of the six major carrier battles.  At Coral Sea, the attack on Shoho was well coordinated, and both dive-bombers and torpedo-bombers scored hits in sinking the carrier, with no losses to the TBDs.  On the second day, the Enterprise air group achieved a coordinated attack, but her dive-bombers succeeded in scoring only two hits due to fogged telescopic sights in the dives.
  The VT squadrons launched at least 10 torpedoes, but achieved no hits.  The greatest success came at Leyte Gulf, where six air groups conducted coordinated dive-bombing, glide-bombing, and torpedo attacks on four Japanese carriers.  The overwhelming concentration of force had finally been achieved in a decisive carrier battle.  The final tally in coordinated attacks reveals four carriers sunk and two damaged for relatively low losses to torpedo planes.

The other carrier battles resulted in uncoordinated attacks for various reasons.  The greatest success came at Midway, where the sacrifice of Devastators allowed the SBDs to rule the day.  Mostly through luck, four VS and VB squadrons arrived overhead simultaneously and annihilated three Japanese carriers in short order.  The results from battles in the Eastern Solomons and Santa Cruz Islands were disappointing in that the U.S’s losses were greater than the Japanese’s.  At the Battle of the Philippine Sea, the fast carrier air groups were poised to conduct an overwhelming coordinated and decisive attack, but the battle began late in the day and the extreme ranges of the strike forced hurried attacks.  The poor timing of the battle, and the fact that only one VT squadron was armed with torpedoes, prevented a decisive victory.  Given that the majority of the carrier battles were conducted with uncoordinated attacks, it is no surprise that more CVs were sunk and damaged than in those battles with coordinated attacks.  These victories, however, came with a much greater loss to torpedo squadrons than in coordinated attacks.

Role of Aircraft, Weapons Systems, and the Course of the War

The tally of Japanese aircraft carriers and warships sunk by carrier-based aviation does not alone define the effectiveness of coordinated and uncoordinated attack tactics.  Nor does it necessarily promote dive-bombing in favor of torpedo attack, or vice versa.  There are several factors that must be considered in assessing the success and effectiveness of the USN coordinated attack tactic and the methods of weapon delivery.  The first issue is a problem that affected naval aviation for nearly two years during the beginning and middle phases of the war.  Suspected pre-war problems with the Mk-13 torpedo, as well as with many submarine-fired torpedoes, were brought to light during the battles of 1942.  These torpedoes suffered many instances of directional control, depth control, and exploder problems when dropped in combat.  The USN’s Bureau of Ordnance received numerous operational firing reports from squadrons on torpedoes that did not track on the proper heading after water entry, units that ran true but appeared to pass underneath the target, and many that appeared to hit the target but failed to explode.  Compared to the IJN’s Type 91 Mod 2 torpedo, the U.S. model was completely inferior and unreliable in the eyes of American aircrews.  After many months of bureaucratic finger pointing, engineers at the Naval Torpedo Station at Newport, Rhode Island, verified that a depth control diaphragm tended to rupture on water entry, and the exploder firing pin failed to operate properly when the torpedo struck at any angle other than 90 degrees to the target’s hull.  After strengthening these mechanisms, and adding a ring shroud over the fin and propeller area for protection and directional control improvement, the Mk-13 achieved consistency in hitting the desired target.
  From 1944 unit the end of the war, VT squadrons were able to safely deliver the torpedo at speeds up to 280 knots and from an altitude of 800 feet, greatly increasing the tactic’s survivability.
  However, its poor performance during the critical months of 1942 and early 1943 severely impacted the effectiveness of the torpedo attack method in coordinated air attacks.  During the carrier battles of 1942, 83 percent of hits were credited to dive-bombers, while only 17 percent went to torpedo planes.

The next issue deals with the capabilities of the primary attack aircraft as the war progressed.  The introduction of airborne radar to carrier-based aircraft had a significant impact on the USN’s ability to locate an enemy force and promptly mass aircraft for a coordinated attack.  Pre-war doctrine, as executed in the first year of the war, employed VS scouting squadrons to conduct a visual search in sectors out to 250 miles from the U.S force.  As radar sets entered the fleet, VS squadron planes and aircrews were integrated into the bombing squadrons, since TBF aircraft with radar could search more area in less time.  This technology helped offset the advantage that Japanese aircraft had in range, and allowed the USN to concentrate its airpower against enemy naval forces.  It also gave the U.S. a capability of attacking at low-level at night, when enemy aerial defenses would be light.

Another aircraft capability that had some measure of influence on the use and effectiveness of torpedo attack was glide bombing.  Just prior to the war, non-SBD equipped squadrons began experimenting with bomb delivery techniques at less than a 70-degree dive.  Although less accurate than a pure diving attack, the glide profile could be used by the new TBF and F6F aircraft.  Both could carry up to a 2,000-pound bomb load, and this multiplied the number of attack capable aircraft on each flight deck.  Until the Mk-13 torpedo problems were solved late in the war, most TBF missions were flown with bomb loads against land and shipping targets
.  As discussed earlier, only one VT squadron carried torpedoes at the Battle of the Philippine Sea.

The final issue that influenced USN attack tactics was the course that the war itself took.  Through mid-1942, the proficiency of the IJN in carrier warfare was at its highest state.  Its pilots and aircraft were the best in the theater and they had achieved conquest after conquest for several months.  After the stalemate at Coral Sea and the defeat at Midway, irreplaceable losses began to mount for the Japanese.  By the time of the battle for the Marianas in 1944, their aircrews were nowhere near as capable as those at the beginning of the war.  Their ability to defend their carriers was less effective than in the earlier battles, and the USN achieved greater success.  As the war progressed, there were less and less targets for the Americans to prosecute.  In 1942, nearly half of carrier-based sorties were dedicate to anti-shipping attacks.  After a drop to 13 percent in 1943, the sortie count rose to 26 percent in 1944 with the two carrier battles during that year.
  That fact, and the requirement for increased numbers of carrier-based fighters for air defense, prompted naval leaders to base dive-bombers ashore and sail with only VF and VT squadrons during the campaigns of 1945.  The necessity for executing a coordinated dive-torpedo attack diminished with the demise of the IJN.

Conclusions

The question of effectiveness cannot be decided by the totals of which attack method sank more ships.  Both methods were successful in coordinated and uncoordinated attacks, albeit often at a greater cost in aircraft.  Through the end of 1944, dive-bombers played a role in sinking nine carriers, including the four they were solely responsible for at Midway.  Torpedo planes participated the in sinking of seven carriers, however only one was sunk solely by a VT squadron armed with only torpedoes.  Nevertheless, it is clearly evident that the survivability of the torpedo attack was directly linked to coordination with fighters and dive-bombers.  The evolution of aircraft tactics, capabilities, and technology influenced how battles were conducted as the war progressed.  Airborne radar assisted in timely concentration of airpower, and glide bombing gave a greater attack capability to the air group as a whole.  As attrition of the IJN took hold, their abilities in defense diminished and coordinated attacks became less of a requirement for success.

Conclusions

In World War II, air power at sea became the focal point for naval operations, and the aircraft carrier became the new capital ship for the U.S. Navy.  The goal of this paper was to study how this happened by asking three questions.  First of all, why did the USN develop multiple methods of attack by its carrier-based aircraft?  The reason is that naval aviation leaders recognized the offensive potential of air power at sea, and the need for air superiority over the fleet at all times.  By exercising their theories, these pioneers discovered the advantages and drawbacks of different methods of attack.  They determined that overwhelming, concentrated force, applied by different forms of attack, would have the greatest chance for defeating a maneuvering and defended target.  Specific roles, missions, and capabilities were then defined for aircraft that would become the offensive arm of the carrier force.  The path that U.S naval aviation took in the pre-war period was very similar to that taken by its chief adversary, the Imperial Japanese Navy, and its chief ally, the British Royal Navy.

Wartime application of these tactics and doctrine leads to the question of how and why they changed as the war progressed?  Studying the six major carrier battles in two different periods of the war provides the answer.  Dive-bombing aircraft capabilities and their accomplishments in battle remained consistent through both periods, but torpedo planes became more effective in the latter half.  The results of these battles revealed that success could be achieved through uncoordinated attacks, but the survivability of the torpedo tactic depended heavily on coordination with fighters and bombers.  Improvements in command and control of strike groups, and the increasing number of aircraft, began to overwhelm the defenses of the IJN by the last year of the war.

The question of which method proved more effective is complicated and without a clear answer.  Dive-bombers can claim a greater share of sinking and damaging enemy warships, but torpedo planes also achieved success.  Both coordinated and uncoordinated attacks were successful in sinking and damaging enemy carriers.  However, uncoordinated attacks resulted in greater loss to American planes and crews, and frequently allowed portions of the enemy force to escape.  Several factors, such as torpedo effectiveness, changing roles and missions of attack aircraft, and the strength and capability of the IJN, all played a significant role in the effectiveness of carrier-based attack aviation.

The USN triumphed over the IJN, largely on its strength in carrier-based air power.  Effective tactics, applied by capable platforms, through evolving doctrine, eventually defeated an enemy that held a strong advantage in the first year of the war.  U.S carrier-based attack forces helped roll back the Japanese defenses, and led the charge to victory in the Pacific.

Glossary

AAA
Anti-aircraft-artillery

ATC
Air Tactical Commander

CAG
Commander Air Group

CAP
Combat Air Patrol

CV
Heavy Aircraft Carrier (fixed wing)

CVL
Light Aircraft Carrier

IJN
Imperial Japanese Navy

RAF
Royal Air Force (Great Britain)

RN
Royal Navy (Great Britain)

SB2C
Curtiss SB2C “Helldiver”

SBD
Douglass SBD “Dauntless”

TBD
Douglass TBD-1 “Devastator”

TBF/TBM
Grumman/General Motors TBF/TBM-1 “Avenger”

USN
United State Navy

VB
Dive-bomber squadron

VF
Fighter squadron

VS
Scout-bomber squadron

VT
Torpedo-bomber squadron

WWII
World War Two
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