Au/ACSC/647-05/2002-04

Air Command and staff college

AIR UNIVERSITY

A Critical Analysis of the 

Air Defense of London against the V-1

June through September 1944
by

David R. Delo, Major, Washington ANG

A Research Report Submitted to the Faculty

In Partial Fulfillment of the Graduation Requirements

Advisor: Dr. Richard Muller

Maxwell Air Force Base, Alabama

April 2002

Disclaimer

The views expressed in this academic research paper are those of the author(s) and do not reflect the official policy or position of the US government or the Department of Defense.  In accordance with Air Force Instruction 51-303, it is not copyrighted, but is the property of the United States government.

Contents

Page

iiDisclaimer

Illustrations
v
Tables
vi
Preface
vii
Abstract
viii
Introduction
1
Background
2
V-1 Development
2
V-1 Capabilities
5
V-1 Deployment
6
Large Sites
7
Ski Sites
7
Modified Sites
8
V-1 Operations
10
Offensive Operations
10
Opening Shots
11
Sustained Operations
12
Defense Operations
17
Intelligence Picture
17
Layered Defenses
19
Initial Defense Layout
20
Final Defense Layout
29
Effectiveness of Air Defenses
35
V-1 Attrition
35
Launches
35
Non-Combat Losses
36
Kills
36
Defense Assets Committed
36
Offensive Bombing
37
Fighters
37
Anti-Aircraft Guns
38
Barrage Balloons
38
Damage Caused by V-1s
39
Conclusion
41
Appendix A
47
Appendix B
48
Glossary
49
Bibliography
50

 

Illustrations

Page

5Figure 1
V-1 Profile

Figure 2 
V-1 on Launch Rail
9
Figure 3
Initial Defense Layout
29
Figure 4
Final Defense Layout
33


Tables

Page

15Table 1
Cumulative V-1 Launches



Preface

I have spent my career as an Air Weapons Controller / Air Battle Manager learning how to execute modern air defenses.  Spending six years at the Western Air Defense Sector, a NORAD air defense facility, I received a true appreciation and understanding of the challenges associated with cruise missile defense.  As an history geek and air defender I wanted to explore how the “founding fathers” executed this very challenging mission.

I would like to thank Dr. Rich Muller for his words of wisdom and encouragement throughout this process.  Most importantly I would like to thank my family for their patience and understanding while I worked on this project. 

au/ACSC/647/2002-04

Abstract

After the Battle of Britain in 1940, the pride of the Luftwaffe was smarting from its inability to decisively defeat the British through the application of air power.  Unwilling to surrender the idea of terror bombing, Germany’s leadership stressed the development of two unmanned advanced technology weapons the V-1 and V-2.  The most challenging time period for the air defenses was the period from 13 June to 5 September 1944.  The Allied combined the efforts of three distinct elements to defeat the threat posed by the V-1: intelligence gathering, offensive bombing, and implementing a layer defense.  Widespread introduction of the SCR-584, predictor, and proximity fuse combination played a significant role in defeating the V-1.  The Allies committed a tremendous numbers of men and equipment in an effort to defeat the V-1.  The V-1 caused a tremendous amount of damage in the greater London area.  It is undeniable that the V-1 had an impact on London.  This paper examines the development and operations of the V-1, and the layout and execution of Allied air defenses designed to defeat this crude cruise missile.   

Introduction

This new form of attack imposed a burden upon the population of London, which was probably even less bearable than the air raids of the years 1940 and 1941.

—Sir Winston Churchill

After the Battle of Britain in 1940, the pride of the Luftwaffe was smarting from its inability to decisively defeat the British through the application of air power.  The German bomber forces were unable to conduct further large scale operations as a result of the heavy losses taken at the hands of RAF Fighter Command and continued action on the eastern front.  

Unwilling to surrender the idea of terror bombing, Germany’s leadership stressed the development of two unmanned advanced technology weapons:  Vergeltungswaffe (vengeance weapon) 1 & 2, or more commonly referred to as the V-1 and V-2.  By 1944 both of these weapon systems were pressed into service at great expense in scientific research, manpower, raw materials, production and transport capability.  The operational history of the V-1 culminated with the launching of over 10,000 of these primitive cruise missiles against Allied targets in the UK and on the European continent.  In response, the Allies set up elaborate air defense systems to defeat this new threat.  The battle against the V-1 was fought in three distinct phases: 13 June to 5 September 1944, 6 September to January 1945, and from 3 March to 29 March 1945.  The most challenging time period for the air defenses was the period from 13 June to 5 September 1944.  In this short period nearly 9,000 V-1s were launched against England, and most were targeted against London.  The Allied air defenses won the day against V-1, during the, so-called, second Battle of Britain.   

Background

The initial concepts of a flying bomb took shape in the mind of René Lorin after the First World War.  Lorin, a French artillery officer, published a paper in 1919 suggesting the use of an un-piloted gyro-stabilized aircraft, powered by a ram or pulsejet, to attack area targets.
  Lorin’s ideas were soon forgotten in the aftermath of the Great War.
 During the interwar years, the development of a viable solution for both the pulsejet and the un-piloted aircraft were on many separate, but parallel paths spread throughout Europe and the United States.  A German independent designer, Paul Schmidt, designed and patented a unique pulsejet and duct design in 1931.  Spurred by this patent, Schmidt, aided by G. Mudelung, were the first Germans to propose the idea of using the pulsejet to power an unmanned aircraft.
  Schmidt received limited funding for the project, producing several initial prototypes by 1939.  Although interested in the prospects of an unmanned bomber, the Luftwaffe ultimately cut funding to the program due to range, accuracy, and cost issues.
 

V-1 Development


In an effort to work around the provisions of the Treaty of Versailles the peacetime German Army first started development work with rockets in the 1920s.  The fruit of this development work to produce a rocket weapon was nearly ripe by 1940-1941.  The developmental rocket was known as the A-4, and production versions were later called the V-2.  The A-4/V-2 promised to give the Army a weapon capable of launching unchallenged attacks on London.  During the same timeframe the Luftwaffe had shifted to a generally defensive posture in the west.  In response to the 1942 RAF night bombings of German cities, Hitler directed the Luftwaffe to conduct terror bombing against Britain.  While executing Hitler’s directive Luftwaffe bomber units were only able to produce an all-out effort of 200 sorties.
  Faced with the lack of hitting power of its bombers, and envious of the Army’s A-4 program, the Luftwaffe was forced to readdress the capabilities of flying bomb.
  


The V-1 was a product of the German industrial system.  Two companies saw the opportunity to produce an un-piloted bomber, driven by the profit motive; they forged an alliance to fill the demands of the market.  The two companies were Argus, an aircraft engine manufacturer working on the development of the pulsejet, and the Fieseler Aircraft Works.  Fritz Gosslau, employed by Argus, played a critical role in the development of the V-1.  Gosslau and fellow engineer, Robert Lusser, who worked for Fieseler, penned the initial drafts of the V-1 during a brainstorming session.  Gosslau described his collaborative work with Lusser:

Previously, I had drawn a freehand sketch on a sheet of paper of the 'Flying Bomb' with two pulsejets (one each under the left and right wings). Lusser took the pencil out of my hand and drew a single pulsejet on top of the rudder assembly.
 

Lusser completed the design for this single engine un-piloted aircraft, designated the Erfurt P35, by April 1942.  One day later the RLM, the state ministry of aviation, received the P35 plans with this narrative: 

The submitted project, which has been performed at the request of the Argus Motor Company, …represents a flying mine in the shape of an aircraft with an Argus pulsejet for an engine.  This would be intended for wide‑area targets.  The aircraft will be launched from a catapult of 25 meters (82.02 ft) length, with an acceleration of 15 g.  After having flown on its route horizontally, it will take a steep glide towards the direction of the predetermined target.  Altitude and course will be maintained by an integrated Argus automatic pilot.
 

The P35 was expected to carry a 1,100-pound warhead at a maximum speed of 435 miles per hour (mph).
  The final version differed from the P35 only in its modified tailfin and pulsejet locations and was designated the Fieseler Fi 103.
  


Generalfeldmarschall Erhard Milch, responsible for Luftwaffe armament production, decided in June 1942 to give top priority to the development of the Fi 103.  The Fi 103 to Milch was “first of all a matter of prestige.”
  For deception purposes the Fi 103 would continue its development under the name of FZG 76 (Flakzielgerät or flak target apparatus), or as Kirschkern (Cherry Stone)
.  Work on the V-1 continued at Peenemünde West, located on a small island near Germany’s Baltic shore, co-located with the Army’s A-4 test site.  


Over the next two years the V-1 continued it development cycle.  The first flight of a prototype V-1 took place in December 1942, with full production beginning in September 1943.  Production of the V-1 was to be a collaborative effort between Fieseler, who was to build the airframes, Argus, manufacturing the pulsejet power plant, and Askania the guidance system.
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Figure 1
V-1 Profile
Source:  
Cooksley, Peter G., Flying Bomb: the Story of Hitler’s V-Weapons in World War II (New York, New York: Charles Scribner’s Sons, 1979), 82

V-1 Capabilities 

The V-1 was laid out like a conventional aircraft; single fuselage, mid wing, with the pulsejet mounted on centerline above the body.  Its total length was approximately 27 feet long, with a wingspan of 18½ feet.  For ease of production and to limit the quantity of strategic materials utilized, the V-1 was made with a mild steel shell.  The Argus pulsejet engine produced about 850 pounds of thrust using standard 75 octane motor gasoline.  

A pulsejet produces thrust by controlling a rapid series of explosion behind a one-way airflow valve, forcing the resultant gasses out the tailpipe.  In addition to thrust, the Argus pulsejet also produced a tremendous amount of noise.  Many people likened this noise to a motorcycle running at full throttle without a muffler.  The noise was the source of V-1’s nickname with the British people, “Buzz Bomb”.  A second common nickname for the V-1 was the “Doodle Bug,” coined by New Zealander fighter pilots remembering the noisy insect of their homeland.
  

The initial model of the V-1, labeled the A1, had a range of approximately 150 miles and carried a 1,800-pound high explosive warhead.  The A1 and the slightly improved B1 models made up the bulk of flying bombs fired from June to September 1944.  Later models would have slightly different capabilities, either in warhead, range, or both. (See Appendix 1) 

The flight path of the V-1 was determined solely by the orientation of its launch ramp.  Once airborne the course of the V-1 was maintained by an onboard gyro and magnetic compass.  The V-1 flew on a non-maneuvering, straight and level, course at altitudes between 2,000 and 3,000 feet with a cruise speed of 360–400 mph.  Targeting was determined by flying a predetermined course for a set distance.  This distance was calculated by a small propeller on the nose of the V-1, known as the Air Log.  Every rotation of the Air Log’s propeller equaled a given distance flown.  

When a counter a predetermined number of rotations, the Air Log then initiated a steep dive and engine cutoff.  The V-1 used a combination of electrical and mechanical contact fuses in the nose to initiate detonation of the warhead.  To ensure detonation, some V-1s also had a redundant time fuse.  This time fuse could be set for a delay of up to two hours but it was normally set for 30 minutes.
  This combination of fuses created a very reliable efficient detonation system, resulting in only four known unexploded warheads out of 2,700 instances.
  This crude method of targeting utilized by the V-1 produced an average Circular Error Probability (CEP) of eight miles.

V-1 Deployment

To support V-1 attacks on Britain, the Germans built a series of fixed launch ramps in France aligned in a rough semi-circle at a range of 130 to 150 miles from London, oriented toward that city.  The Germans utilized three different general types of launch site for V-1 operations, large sites, ski sites, and modified sites.  

Large Sites

Seven large sites were produced, all in France. Two large sites were located on the Cherbourg peninsula, and the remaining five in the general vicinity south of Calais.  Six of these sites were intended to produce liquid oxygen in addition to servicing and launching V-2 rockets; the seventh supported a multi-barrel long-range gun.
  Allied intelligence had not ascertained the exact purpose of these sites but felt they were somehow related to the rocket program.  Allied bombers delivered 8,000 tons of munitions against the large sites between December 1943 and June 1944.
  Ultimately three of the large sites were converted to V-1 operations.  No V-1s were launched from a large site prior to their capture in July 1944.
  

Ski Sites

Ski sites were originally intended by the Germans to be the backbone of V-1 operations.  96 ski sites were constructed in late 1943 for the coming V-1 offensive against Britain.  These sites consisted of several buildings of concrete constructed using a fairly standard site layout.  Ski sites were characterized by the use of two 300-foot long buildings per site, used for V-1 storage and personnel shelter.  The storage building was a “tunnel-like narrow concrete building that was curved at one end.”
  The shape of the storage building was reminiscent of a ski laying on its side, hence the name.
  When the ski sites were targeted by Allied airpower they were referred to by the code word “No-Ball.”
  

The ski-like building proved to be an easily identifiable feature of the ski sites.  In the construction of these sites, the Germans used large quantities of forced labor.  Many of the laborers passed along information about the sites to the Resistance.  British intelligence agencies received a tremendous amount of information on the location, building construction and site layout from the Resistance.  Combining the information provided by the Resistance with photographic reconnaissance flights, Allied intelligence was able to locate 75 of the ski sites by mid-December 1943.
  Once the intended use of the ski sites was determined, they were aggressively targeted by Allied air power. 

From August 1943 onward, the Allies conducted a concerted bombing campaign against suspected German rocket sites, known as Operation Crossbow.  During the period from December 1943 to June 1944 the Allies flew 25,150 sorties, dropping a total of 36,200 tons of munitions against the V-weapon sites.
  By late May 1944 Allied air attack had destroyed or heavily damaged 82 of the 96 ski sites.
  By December 1943 all of the ski sites had been abandoned for smaller, more concealable facilities.  Even after being abandoned as an operational launch facility, the ski site continued to play a minor role in war.  Some of the ski sites had their bomb damage repeatedly repaired.  This was done with the sole purpose of decoying intelligence and drawing additional Allied bombs and bombers away from the new launch sites and the German homeland.
  

Modified Sites

After realizing that the ski sites were not going to provide a secure operations base for the V-1, the Germans started building smaller, easier to conceal operating locations, referred to as modified sites.  These sites utilized only a small concrete pad, prefabricated buildings and launch rail.  Preparations of the prefabricated launch facilities took 3 to 4 days.
  64 of the modified sites were produced during early 1944.
   These sites were not identified as V-1 launch facilities by Allied intelligence until April 1944.
  By early June, 61 of the modified sites had been identified by Allied intelligence.  The Allies also had agent reports suggesting the existence of 40 additional modified sites.
  Air attacks on the modified sites did not start until July; after the V-1 launches against London had began.
  Due to the sites small footprint, non-standard configuration, and effective concealment, air attacks against these sites were generally unsuccessful.
  Modified sites generally frustrated the Allies use of air power to blunt the V-1 attacks against London.  New facilities could be built faster than Allied intelligence could locate and destroy the simple, easy to construct sites.
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 Figure 2 
V-1 on Modified Site Launch Rail

Source:  
Hölsken, Dieter, V-Missiles of the Third Reich: the V-1 and V-2 (Sturbridge, Massachusetts: Monogram Aviation Publications, 1994), 127

V-1 Operations

The initiation of the V-1 campaign against London in June 1944 ushered in a new era in aerial warfare.  For the first time un-manned aircraft were sent in lieu of manned bombers with the expressed intent of terrorizing the enemy’s population.  These crude cruise missiles were able to accomplish Germany’s military objective in independent of the weather conditions and without risking the lives of scarce Luftwaffe aircrews.  Advances in technology allowed the Luftwaffe the able to continue its task of bombing London, sending “robot bombs” to do it’s bidding.  The historic significance of this campaign is that it is the only successful counter-cruise missile campaign in history.  

Offensive Operations

The organization tasked with the execution of the V-1 ground operations in France was Flakregiment 155(W) commanded by Colonel Max Wachtel.
  Flakregiment 155(W) formed in the spring of 1943 at Peenemünde, with the task of training for V-1 operations.  The unit identifier was chosen to be consistent with the deception of linking the V-1 (FZG 76) to flak training.  Flakregiment 155(W) consisted of 16 launch batteries, and 8 supply & maintenance batteries, which initially manned the ski sites in France and later the modified sites.  The initial plans for the new offensive against London were for a joint V-1 and bomber operation slated for early 1944.  Luftwaffe bombers attacked London as planned in January 1944.  This RAF labeled this German operation the “Baby Blitz.”  However delays in development, production, and transportation pushed the initiation of the V-1 campaign back five months to June 1944.  

Opening Shots

As reprisal to Allied landings in Normandy, German high command issued an order to Flakregiment 155(W) to prepare for V-1 operations against London.  Based on this warning order 873 V-1s and large quantities of fuel were transported to forward staging areas.
  Some of the required support equipment was not available at the launch sites in time for the opening shots.  This can be attributed to intensive Allied attacks on German line of communications in the months prior to the Normandy Invasion.  However, some of the vital support equipment never reached France.  Due to excessive security regulations on this highly secret program, the required equipment was mixed up, mispacked, or just left behind.
  Wachtel executed the order to initiate launching V-1s on the night of 12/13 June 1944.  The intent of the initial salvo was to reach London at 23:40 the night of 12 June, followed by a second salvo at 00:40 on 13 June, continued with harassing fire until 04:45 the following morning.
  Flakregiment 155(W)’s higher headquarters expected an initial showing of 500+ V-1s launched the first night.
  However due to limited training in field conditions, untested launch ramps, and lacking vital support equipment the results of the first nights launches were far below expectations.  On the morning of 13 June 1944, Flakregiment 155(W) reported launching only ten V-1s from four sites.
  Of the ten flying bombs launched, five crashed immediately after launch, one probably crashed into the English Channel, resulting in only four V-1s reaching England.
  The first ever cruise missile attacks on London killed six people and injured nine others.
  The highly anticipated V-1 campaign began with lackluster performance by Flakregiment 155(W).  

Sustained Operations

After the poor performance by Flakregiment 155(W), rushing into the initiation of V-1 operation on the night of 12/13 June 1944, a temporary stand down was ordered to prepare for the next round of launchings.  Based on reports written on 13 June by the staff of Flakregiment 155(W), the main culprit for the unit’s diminutive launch rate was identified as the catastrophic supply situation.  The report was disseminated widely to V-1 support echelons, supply depots, and production sub-contractors, to ensure the failure of the first night would not be repeated.
  In anticipation of the renewed start of the V-1 offensive, scheduled for15 June, all organizations involved with the program underwent detailed preparations.
  In this preparation period Flakregiment 155(W) brought 55 of the 64 modified sites to mission ready status.  At 23:16 on 15 June the 55 sites opened fire against London, firing 244 V-1s throughout the remainder of the night and into the next day.
  

For the remainder of the first phase of the V-1 campaign, 15 June until 5 September 1944, Flakregiment 155(W) averaged slightly over 100 V-1s launched per day.  The unit was operating an immature weapon system in the harshest of conditions, war.  Allied air power operated over the skies of France almost without opposition, regularly attacking Flakregiment 155(W)’s operating sites.  In this environment there were issues that limited the launch capabilities of the unit.  The issues with the most impact include personnel training, equipment and supply limitations, and air attacks and reconstitution.

Although Luftwaffe personnel had trained for V-1 operations at Peenemünde West, or alongside contractors at production facilities, they were generally ill prepared for field conditions.  Many of Flakregiment 155(W)’s launch crews had only participated in one test launch prior to deploying to France.  However, during the launches conducted at Peenemünde the crews received assistance and hands-on training from contractors and highly trained specialized personnel.  Due to rigid security measures, crews were forced to memorize all of the steps and procedures associated with launching the V-1. Everything had to be committed to memory; no written information was allowed.
  When launch operations commenced on 12 June, the crews did not posses a single checklist or other such procedural guide to help them through the myriad of steps required to launch a V-1.  Lack of knowledge and poor procedures resulted in a very high loss rate for the V-1 for causes not associated with combat.  The average rate of non-combat losses during June 1944 approached 28 percent.
  Aware of the high non-combat loss rate, a series of six checklist outlining preparation procedures were distributed by the end of June.  The checklists covered the engine, airframe, electrical system, control system, and catapult, in addition to outlining launch procedures.
  As the crews became more experienced and guided by a series of checklists the non-combat losses dropped.  

One of the more difficult issues to correct was an equipment and supply limitation.  A V-1 launch site was equipped with many pieces of equipment unique to this mission. Because of this uniqueness of the equipment, a launch site was full of “single points of failure,” meaning that if single piece of gear was not working it could render the site non-operational.  One piece of gear that plagued V-1 operation from beginning to end was the “steam generator.”  The steam generator, which actually ran off a mixture of hydrogen peroxide and potassium permanganate, was used to produce the instantaneous thrust that catapulted the V-1 down the launch rail and into flight.
  Without the steam generator, a V-1 could not be launched from a ground site.  This proved to be a very temperamental piece of equipment; at one point nearly half of Flakregiment 155(W) 64 launch sites were non-operational due to malfunctioning steam generators.
  The steam generators’ poor reliability and special fuel requirements played a significant role in the dismal performance of Flakregiment 155(W) on the night of 12/13 June.
  This piece of gear continued to effect Flakregiment 155(W) launch rate through out the remainder of the campaign.

Another supply issue, which limited Flakregiment 155(W) capability, was supplying the sites with V-1s and fuel.  Each site normally had enough flying bombs and fuel for a days worth of launches.  The sites would therefore need to be supplied daily to support continued operations.  The V-1s and fuel would be brought forward to the launch sites from field storage facilities.  Two larger supply sites fed the smaller field storage facilities.  The two supply sites, located at Nucourt and St. Leu d’Essserent, were located underground in large caves near rail lines and tasked with storage, maintenance, and repair of up to 1500 V-1s.
  

V-1s were brought to the underground supply sites from the factories on special rail cars.  Here they were checked out and repaired as necessary, then delivered to forward supply batteries by truck.  Launch sites would send trucks to pick up the required quantities of V-1s and fuel on a daily basis.  Due to the pressure on the German transportation system, the trucks bringing needed supplies forward always traveled at night in very small convoys, of no greater than three vehicles.
  Using this method Flakregiment 155(W) was able to provide supplies to its forward launch site. However, the supply levels at these launch sites often proved to be inadequate for the task at hand.  

A third, and likely the most serious issue that impacted V-1 operations during he campaign was the impact of Allied airpower.  The Allies used both a direct and indirect application of airpower against the V-1.  The direct use included heavy bomber attacks against production and launch facilities during Operation Crossbow.  Tactical airpower was also applied in the direct role attempting to locate and destroy V-1 sites.  In general the modified sites proved to be a tough nut for allied airpower to crack.  Walter Engen, a German colonel who was involved in V-1 operations, spoke about the survivability of the modified sites during a postwar interview:

…(the) enemy never once succeeded in putting out of action or damaging more than five positions within the space of 24 hours.  Generally at most one, rarely two, and usually none of the positions were destroyed.  However, Corps Headquarters had made provisions for the erection of five new positions daily in an emergency besides repairs to two or three damaged positions so as to render them again ready for action.  Thus with the means applied by him and measures by his successes, enemy would never have been able to put the V-1 Regiment out of action or even reduce it activities.

Despite the thousands of sorties flow by the Allies targeting V-1 production and launch sites, Flakregiment 155(W) proceeded to accomplish its mission at a steady pace.
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Table 1
Cumulative V-1 Launches

Source:  Compiled from various sources

In addition to V-1 fired by Flakregiment 155(W), 289 V-1s fired were air launched against London from specially modified He-111 bombers of Kampfgruppe (KG) 53.  The air launched V-1s were intended to attack London from outside the predictable lanes of approach, bypassing the well established defenses.  KG 53’s attacks did force ADGB to add additional AA assets in the Thames estuary, known as the Diver Box.  During the period of 12 June through 5 September 1944, KG 53 possessed and delivered only a very limited capability to threaten the defenses of London

The greatest impact of Allied airpower against the V-1 was the stress imposed on the German transportation and communication networks in France.  In preparation for ground operations on the continent, the Allies conducted an aggressive interdiction campaign against German rail and transport lines in France.  Any affects achieved, which limited the Germans ability to launch V-1s, were arrived at solely as a fringe benefit to the interdiction campaign.  Allied air attacks on the rail system made German efforts to bringing supplies forward from the factories to the launch sites very difficult.  This system was under such pressures that only about a third of the V-1 produced were ever transported to a launch site.
  Airpower also placed tremendous pressure on the launch sites.  Although the modified site proved difficult to find and destroy, Allied aircraft were still able to destroy many of these sites.  Launch crews were then required to either repair or relocate the facilities.  Flakregiment 155(W) launch crews often were operating near the levels of exhaustion.  Direct and indirect application of airpower slowly eroded the Germans’ ability to adequately supply Flakregiment 155(W), which greatly limited the overall effectiveness of the unit.  Ultimately Allied ground force activity forced Flakregiment 155(W) to withdraw from France on 2 September 1944.

Defense Operations

The Allied combined the efforts of three distinct elements to defeat the threat posed by the V-1: intelligence gathering, offensive bombing, and implementing a layer defense.  Before the Allied could build a plan, drop the first bomb, or deploy the first AA guns to defeat the V-1, they needed to understand the capabilities of this threat.  The first step in defeating the V-1, was building an accurate intelligence picture on the new weapon.

Intelligence Picture

The efforts to collect intelligence data on the V-1 was heavily linked with the British attempts to unravel the secrets of the German long-range rocket program.  The first indications of a German rocket program came in November 1939.  An anonymous informant presented the British Naval Attaché in Oslo, Norway a detailed report indicated where German technical research was being focused.  This report subjected that rocket research was being conducted at Peenemünde.
  Due to the anonymity of the source and the seemingly implausible nature of the research, the so-called “Oslo report” was simply not believed.

Mid 1942 was the next time Peenemünde was brought to the attention of the British.  Reports from agents mentioning Peenemünde raised enough attention to merit reconnaissance flights over the German test center.  Photoreconnaissance missions were flown over the test center periodically through the spring of 1943, finding no hard evidence of the German rocket program.  Only after using electronic listening devices to monitor the conversations between two high-ranking German prisoners of war, was the existence of the rocket program substantiated.  In April 1943 Churchill appointed Duncan Sandys, a Parliamentary Secretary with the Ministry of Supply, to examine all of the available evidence for the existence of a German rocket.
  Sandys presented his findings on 17 May 1943, concluding that the German rocket threat should be taken seriously.
  Despite all of the attention paid to the V-2 program, British intelligence still had no knowledge of the V-1.

The first indications of the V-1 came in early June 1943.  British intelligence received agent reports about a “winged aerial mine.”
  Since the threat of a pilotless aircraft seemed more immediate, reconnaissance of V-1 related items were given priority.  Hard evidence came in August 1943, when a V-1 test platform flew a greater distance than expected.  A Danish policeman reached the impact site 15 minutes before the Germans, using the time to take photos the crash site.
  British intelligence received the photos, and assessed the object to be a wireless rocket powered guided aircraft.
  Eight days later they received an informant’s report indicating the Germans were building sites in France for the new weapons, which Flakregiment 155(W), commanded by Oberst Wachtel, would operate.
  

As part of the flight development program, the Germans had fitted prototype V-1s with radio transmitters to aid the collecting of flight data.  The data was transmitted back to a radar station using low-grade encryption.  Starting in September 1943 British signals intelligence had been collecting the encrypted signal.  The data gathered by gave detailed information on the V-1s speed, range, from which the British could determine that the launch site was Peenemünde West.
  

October 1943 RAF photoreconnaissance units detected the Germans constructing ski sites in France.  After closely inspecting ski site photos, British intelligence suspecting a link with the V-1 was able to guess at the probable size of flying bomb.  Armed with this critical piece of information Flight Officer Constance Babington-Smith, a photo interpreter, spotted a V-1 while searching previous photos of Peenemünde.
  The V-1 in the photo was surrounded by buildings, which were laid out in the same configuration as the sites in France.  Babington-Smith’s photo positively linked the ski sites with the V-1.

By November 1943 British intelligence pieced together a picture of the V-1.  The picture included the V-1s size, layout, speed, and range in addition to identifying many of its operating location in France.  With a complete intelligence picture of the new weapon, the V-1 was given the codeword of “Diver.”

Layered Defenses


The layout of the British air defense system in June 1944 was not drastically changed from the configuration used in the fall of 1941.  London’s defenders were intended to defeat a multi-axis air threat from manned bombers.
  Air Defence Great Britain (ADGB) did not adjust this posture even in light of British intelligence estimates indicating the Germans planed to use a pilotless aircraft against England by the spring of 1944.  In response to the intelligence estimate ADGB did develop a layered defense plan to counter the Diver threat.  The Diver plan was finalized on January 2, 1944.
  This plan was based on the assumption of engaging 200 V-1s an hour operating at speeds of 330 mph at an altitude of 6,000 feet.
  

The layered defenses of the Diver plan consisted of three tiers and addressed both day and night considerations.  The first tier was standing fighter patrols working at altitudes of 6,000 and 12,000 feet.  Ground Controlled Intercept (GCI) and searchlights aided the fighter pilot in pinpointing the V-1’s position and visually acquiring the hard to spot target.  The first tier area of operations started over the English Channel and ended inland south of London, at the boundary of the second tier.  The second tier, located beyond the outskirts of London, consisted of 400 heavy, 346 light AA guns, and 216 searchlights positioned in a rough semi-circular belt.
  The third and final tier of the defense was 480 barrage balloons and AA guns located in the close proximity London itself.  

One of the reasons for locating AA forces so far inland was to limit the possibility of the enemy jamming the gun-laying radars.
  This configuration also allowed fighters the freedom to engage any Luftwaffe aircraft operating near the coastal areas.  General Frederic Pile, Commander of AA Command, estimated upon implementing the Diver plan it would take eighteen days to deploy the AA forces to their gun belt positions.
  Initially the estimated target date for the implantation of the Diver plan was January 4, 1944.  This date would later be revised to March 1, and March 15, 1944.
  Based on the perceived results of air attack against V-1 launch sites and immediate need of Operation Overlord, manpower and AA guns where reallocated away from the Diver plan.  A modified Diver plan was produced in March 1944, utilizing 192 heavy and 246 light AA guns.

Initial Defense Layout

The initial salvo of V-1s fired against London on 12/13 June 1944 took ADGB by surprise.  They had expected a warning period of up to a month prior to encountering these new weapons.
  When the attacks of 12/13 June were not followed up the next night, many felt the initial salvo was simply an act of finality by the enemy.  Many in the British high command assumed the Germans used the V-1 simply to gain operational data prior to the end of the war.
  This assumption caused a delay initiating the Diver plan.  

The Diver defense plan was finally initiated on 16 June after the continued V-1 attacks made during the previous night. 

Detection


The British used a tightly integrated air defense system (IADS) consisting of radar, visual observers, fighters, AA, and barrage balloons bound together by a very effective command and control structure to defend London against the V-1.  The first step in shooting down a V-1 was to determine its location.  While a V-1 was still over the English Channel it was in the coverage of the Chain Home (CH) radar system.  The CH radar sites were built immediately prior to the outbreak of the war, and were used with great effectiveness during the Battle of Britain in 1940.  During 1941 to 1943 the CH system was augmented with additional radars to gain better low-level coverage.  The additional low lever radars, Chain Home Low (CHL), and Chain Home Extra Low (CHEL), gave the British the capability to detect a V-1.  Given the standard profile flown by the V-1, the CH system could only detect a flying bomb within approximately 30 miles of a CHL or CHEL radar site.

The CH system was not well equipped to detect low-level aircraft over land.  The radar return of an aircraft could easily be lost in the plethora of spurious returns produced from the ground.  Even when a V-1 was flying over land, and it was within range of a radar site, it was still very difficult to locate.  Outside of the radar’s 30 mile contact range, the V-1 simply disappeared from the radar scope.  Beyond the radar sites’ contact range, tracking the position of a V-1 during the day fell to the members of the Royal Observer Corps (ROC) and searchlight units of AA Command during the night.  From initial V-1 contact over the Channel, ADGB forces had approximately 6-10 minutes to intercept and destroy the V-1 prior to its impact in the greater London area.

Fighters

The 1st tier of the layered Diver plan defense initially consisted of eight day and two night fighter squadrons.
  On days with good flying weather, fighters flew standing patrols at 12,000 feet over the Channel and its coastal shores.  Once V-1s were reported in the area, additional fighters were scrambled to meet the threat.  The newly scrambled aircraft took up positions in the same geographical locations only at an altitude of 6,000 feet.
  From their 6,000 or 12,000 foot perch, fighters would dive on the V-1 in order to gain the necessary speed to achieve the intercept.

Laden with fuel, a V-1 would be traveling at 340-360 mph when it crossed the English coastline.  During the last several minutes of a V-1’s flight, its speed was in excess of 400 mph, due to its lighter fuel load.
  The older models of fighters, Spitfires IXc, and Typhoons Is, could only use a beam approach to intercept a V-1 after making a shallow dive to pick up speed.  A second technique was using the more difficult high aspect, front quarter attack.  A front quarter attack, also called a head on attack, greatly limited the time available for the fighter pilot to locate, target, and ultimately kill the V-1.  Pilots executing a head on attack could expect closing speeds of greater than 800 mph.  If the pilot could spot the V-1 at three miles range, he had less than 15 seconds to bring his aircraft into firing position.  

Only the newer fighters, Spitfire XIVe, and Tempest Vs, held a slight speed advantage over the V-1.  Due to their recent introduction Spitfire XIV and Tempest Vs were operational in very limited numbers, only one wing of each type.
  To augment these faster types, Allied Expeditionary Air Force transferred several squadrons of RAF Mustang IIIs to ADGB control.
  Mustang IIIs were chosen for this role because of their reputation for low altitude performance.  For the Mustang to effectively intercept a V-1 it needed more speed.  To gain a few extra knots of airspeed these Mustangs were modified by increasing the engines’ manifold pressure, removing extra equipment, stripping off paint, and using higher-octane fuel.
  After being “souped up,” the Mustang was able to achieve 420 mph at 2,000 feet altitude.
  

The faster speeds of the newer aircraft types allowed the pilot the option of running front, beam, or stern quarter attacks on the V-1.  Even with the faster aircraft a stern quarter attack could only be executed after diving to gain sufficient speed to intercept the V-1.
  With more intercept options available; pilots flying the newer fighter types achieve the most amount of success in killing the V-1.  Squadrons equipped with the Tempest V accounted for the greatest number of V-1s killed.  However, the modified Mustang IIIs also proved to be successful flying bomb hunters. 

Mosquito XIIIs were the initial night-fighter pressed into service intercepting the V-1s.  However, at the operating altitudes of the V-1, the Mosquitoes had a very slim speed advantage over the flying bomb.  Giving only the most experienced Mosquito crews the possibility of intercepting a V-1.
  With the Mosquitoes limited success, the Tempest V was pressed into service as a night fighter.  At night Tempests were flown by volunteer Mosquito crews.
  

Once a V-1 was picked up on radar or visually by the ROC, fighters were vectored onto the target.  Close control and running commentary, a method similar to modern broadcast control, were two of the methods used to vector fighters in for the kill.  Close control is a method of ground controlled intercept (GCI) where a Fighter Controller operating at a Microwave Early Warning (MEW), CHL, or CHEL site provided a specific fighter detailed flight instructions (i.e. heading, speed, and altitude) to achieve an successful intercept with a V-1.  When using running commentary, the Fighter Controller broadcast detailed information on the target to all fighters on his radio frequency.  Running commentary does not require the same level of skill from the Fighter Controller as close control.  The Fighter Controller does not need to worry about the fighters’ location or geometry; he is solely concerned with the actions of the target, in this case a non-maneuvering V-1.  Running commentary also provided the necessary target information to several fighters simultaneously, facilitating the intercept of the V-1 by multiple fighters.  However, this method of GCI required the pilots to sort out which fighter is running on which target.  Multiple aircraft running simultaneous intercepts on a single V-1 was an inefficient use of resources, which reduced the overall effectiveness of the fighters.

A method used by the slower fighters to intercept a V-1 required flying to a “offset point” on the V-1’s flight path several miles in front of the flying bomb’s current location.  Once at the offset point, the fighter would turn to the same heading as the V-1.  The pilot then allowed the faster V-1 to overtake his aircraft.  When the V-1 flew past the slower moving fighter, the pilot waited for the recommended separation of 590 feet between the two aircraft before he open fired with his guns, killing the V-1.
  

An average of 100 V-1s reached England per day during the opening five weeks of the campaign.  In this period, day and night fighter aircraft accounted for nearly 90 percent of the V-1 kills.
  

AA

Once the Diver plan was placed into action on 16 June, British AA guns deployed to their new location south of London.  The new AA positions formed the second tier of the Diver defenses, often called the Gun Belt.  The Gun Belt was to consist of eight 3.7-inch heavy gun sites located 6,000 yards apart arranged in two rows 3,000 yards deep.
  To aid the heavy guns, searchlight, light AA units, and gun laying radar units were collocated at each of the eight sites.
  To protect gun-laying radars from the possibility of the German radar jamming, they were positioned in low laying areas. By 17 June, the Gun Belt contained 192 light and 192 heavy AA guns.
  Within two weeks the total number of guns deployed had risen to a total of 952, which included seven US Army heavy AA battalions.
  

Given that the V-1 was a non-maneuvering target, it posed a very difficult target for the AA gunners.  First, it was small and difficult to visually acquire.  Second, the V-1 operated at high speeds relative to the standards of 1944, at an altitude that frustrated both heavy and light AA.  The standard 2,000-3,000 feet altitude normally flown by the V-1 happen to be to low for the heavy guns and to high for the light guns to operate effectively.
  This altitude also made it difficult to pick up the V-1 on search or gun laying radars.  Finally, the V-1 turned out to be a robustly built aircraft, allowing it to take considerable amounts of damage and still keep flying.  One probably highly exaggerated estimate claimed that the V-1 was eight times more difficult to destroy than a manned aircraft.

The initial deployments of heavy AA guns consisted of the mobile 3.7-inch gun.  Although these guns worked quite effectively against manned aircraft, they proved to be marginally effective against the V-1.  The main flaw associated with the mobile 3.7-inch gun was its slow traverse.  This gun utilized a manual crank mechanism producing a slow, jerky change in the gun’s azimuth.  This characteristic did not lend itself well to tracking the small high-speed V-1 flying at low altitudes.
  To correct this situation, AA Command swapped the mobile 3.7-inch gun in the Gun Belt for the much more stable static version of the 3.7-inch gun.  The static version of the heavy AA gun utilized an electronic traverse and was noted for its swift, smooth tracking.  However, the static 3.7-inch gun required a solid level footing for proper operation.  To rapidly create the footing necessary for the static guns AA Command designed and produced a solution using 28 railroad ties and 12 tracks, known as “Pile Mattresses.”
  Pile Mattresses allowed the static gun to ability to operate in field conditions, greatly enhancing the overall effectiveness of the Diver defenses.  

By mid June 1944 the British realized the Germans were not attempting to jam their gun laying radar, so they relocated them to higher ground.  This simple act greatly improved the ability of gun laying radar to track the V-1.  Additionally, a total of 376 heavy and 576 light AA guns were concentrated in the Gun Belt; the gun positions were fine-tuned which produced a fairly effective AA defensive against the V-1. 
 

Even with all the physical improvements associated with the Gun Belt, by the end of June anti-aircraft fire only accounted for less than 13 percent of the V-1s destroyed.  The main issue limiting the effectiveness of the AA guns was the rules of engagement (ROE).  The ROE of the Diver plan was weather dependent.  On days with favorable flying conditions, the fighters were allowed to roam freely in the area between the barrage balloon positions to the Channel coast.  When this condition was in effect, the codeword “Flabby,” was passed and the fighters received the priority and AA guns were ordered to hold their fire.  On days with moderate flying weather, the codeword “Fickle” was used to indicate that the fighters were permitted to chase a V-1 over top of the Gun Belt at altitudes greater than 8,000 feet.  Fighters were cleared to chase a V-1 up to the barrage balloons line of tier three, while the guns held their fire.  On days with poor visibility the AA guns were given priority to freely engage any V-1 operating in the Gun Belt up to an altitude of 8,000 feet, and the fighters were expected to stay clear.  This set of conditions was indicated by the codeword “Spouse.”
  The ROE generally restricted the operation freedom of the AA guns.  To appreciate to what degree the ROE restricted AA operations, Pile notes that on several days in June AA guns averaged firing only five shells each.
  

Even with a clearly defined ROE, both fighter pilot and AA gunner frequently violated these rules.  AA gunners firing on targets outside their area of responsibility and fighters chasing a V-1 through the Gun Belt when the gunners were supposed to have the priority causing a tremendous amount of friction between the two camps.  

Balloons

The final layer of defense in the Diver plan was a line of barrage balloon, which flew on just beyond London’s outer limits.  The barrage balloon was a large unmanned gas filled bag tethered to the ground by large steel cables.  These where flown at an altitude of several thousand feet with the intention of forcing enemy aircraft to fly over the balloons instead of under them.  If an aircraft flew below the altitude of a balloon, it risked having it wings sheared off by the suspended cables.  Initially 480 balloons were flown in the defense of London.  This increased to a peak of 2,015 balloons by mid-August, forming a loose passive barrier 26 miles wide and 11 miles deep.
 

Barrage balloons tended to be more effective against manned aircraft because of the psychological factor imposed on its pilot.  Against the unmanned V-1s, the balloons induced zero psychological stress on its non-present crews.  Weather also reduced the effectiveness of the balloons.  Due to unfavorable atmospheric conditions the balloons were unable to fly approximately one third of the time.
  An additional factor, which limited the effectiveness of the balloons, was their close proximity to the area being protected.  In many cases a V-1 hit a balloon cable, but continued to fly a short distance exploding in the suburbs of London.
  However, the balloons did achieve limited success defending London, accounting for 278 V-1 kills during the course of the entire campaign.  Starting in late June 1944 the Germans attempted to counter the balloons by adding cable-cutting devices to the wings of approximately 20 percent of the V-1s.  The cable cutting V-1s destroyed 630 British balloons from July1944 to March 1945.
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Figure 3
Layout of Initial Diver Plan

Source:  Werrell, Kenneth P., The Evolution of the Cruise Missile (Maxwell AFB, Alabama: Air University Press, 1998), 45

Final Defense Layout

The poor showing of the AA guns during June and early July 1944 forced ADGB to re-evaluate the Diver plan.  Even though nearly 40 percent of the V-1s coming across the coastline were being killed, the forces employed were not performing to their maximum capabilities.
  The defense layout needed to be changed to allow the gunners to play to their strengths with the goal of achieving more V-1 kills.  ADGB leadership concluded that the current layout held limited opportunity for improvement.
  The answer, proposed independently by Commodore Ambler, ADGB’s deputy commander, and noted scientist Sir Robert Watson-Watt, was to move the Gun Belt to the Channel coast.
  The proposed rearrangement of the Diver defenses would provide the AA guns an unrestricted field of fire, extending 10,000 yards over the English Channel, and 5,000 yards inland up to an altitude of 6,000 feet.
  This rearrangement of the defenses, while providing the AA gunners greater freedom, simultaneously reduced the operational freedom enjoyed by the fighters by splitting their area of operations (AOR) into two separate parts.  The plan was submitted for approval on 13 July.  AA guns started moving the next day.

Fighters

After 14 July 1944 the fighters’ AOR was split in two by the new coastal Gun Belt.  The fighters still flew standing patrols over the Channel waters at 12,000 feet, however they clearly avoided the lateral limits of the Gun Belt.  Fighters could transit or shadow a V-1 over the new gun positions at attitudes greater than 8,000 feet.  Fighters also stood standing patrols in their AOR behind the Gun Belt.  After arranging the defenses in this configuration the overall percentage of fighter kills started to drop, while the AA kill percentage was going up.  

One gets a pilots’ perspective on doodlebug hunting from Squadron Leader Berry’s radio interview made on 8th September 1944.  Berry was credited with 52½ V-1 kills, including 7 in one night, prior to his death on October 2, 1944.  In this interview he describes making a night intercept against a V-1. 

We patrol at between 5 and 6,000 feet, that's about 3,000 feet higher than the path of the average flying bomb.  The first thing we usually see is a small light rather hard to distinguish from a star coming in from the sea, then the search lights light up and point out the direction from which the bomb is coming.  The guns go into action and we wait for the bombs that get through the gun belt.  As soon as we spot a bomb that's run the gauntlet successfully, we make a diving turn and go down after it, finishing our dive just behind the bomb and opening fire at a range of about 250 yards.

The doodlebug doesn't go down easily.  It will take a lot of punishment and you have to aim at the propulsion unit, that's the long stovepipe, as we call it, on the tail.  If your range and aim are dead on you can see pieces flying off the stovepipe. The big white flame at the end goes out and down goes the bomb.  Sometimes it dives straight to earth, but other times it goes crazy and gives a wizard display of aerobatics before finally crashing.  Sometimes the bomb explodes in mid air and the flash is so blinding that you can't see a thing for about 10 seconds.  You hope to be the right way up when you are able to see again, because the explosion often throws the fighter about, and some times turns it upside down.

At the peak of the V-1 campaign, in mid August 1944, 15 day and 10 night fighter squadrons were committed to the Diver defenses.  The fighters flew a total of 20,000 intercept missions between 13 June and 1 September, averaging 250 missions per day.
  

AA

Prior to the reorganization of the Diver defenses anti-aircraft guns only accounted for 21 percent of the V-1s destroyed.  By August this number had more than doubled to a very creditable 54 percent.
  Three factors were responsible for this dramatic increase.  First, relocating the guns to the coast allowed the AA to freely operate despite the weather and flying conditions.  Second, sizeable quantities of the American fire control radar Signal Corp Radio (SCR) 584 were delivered shortly after moving the Gun Belt to the coast.  And finally, the introduction of proximity fused (VT) shells for the 3.7-inch and 90mm guns.  This combination produced a highly effective defense against the V-1, culminating in a 74 percent kill rate by the AA guns during the four-day period of 29 August through 1 September 1944.

Relocating the Gun Belt to the Channel coast required moving vast quantities of men and material in a very short period of time.  The redeployment consisted of moving 376 heavy and 526 light AA guns, 23,000 troops, and 60,000 tons of stores and ammunition.
  Needing to be close to the AA guns, several gun and searchlight operations rooms were also re-located.  Moving the operations rooms and the guns required laying 3,000 miles of telephone and communications lines to maintain effective command and control of the defenses.
  The trucks of AA Command traveled 2,750,000 road miles in one week, ensuring the Gun Belts rapid redeployment.  So successful was the move, that by dawn of 17 July the heavy guns were once again in action.  Two days after the heavies, the light guns were operational in their new positions.

The coast positions gave the gunners several advantages over their previous home south of London.  The new position of the Gun Belt gave the AA gunners a clearly defined free fire zone which where they could operate to their fullest independent of the weather conditions.  Since the Gun Belt was always to be a “hot” fire zone, deconfliction between the fighters and the AA guns were greatly simplified.  Additionally, placing the guns on the coast proved to be a better operating environment for the gun laying radars, upon which the guns relied so heavily.  When the guns were located near London, only about half of the V-1s blew up in the air after being hit by AA fire.
  The surviving flying bombs continued on for a short distance, exploding in populated areas of London.  After moving the guns to the coast, any V-1 surviving damage from AA guns now crashed into thinly populated rural areas.  During the first week of operations after the moving the Gun Belt, of the V-1 observed crossing the Channel coast, half were destroyed by the combined defenses.  This amounts to a 7 percent increase in number of kills from prior to the move.
  From this point forward the defenses steadily increased the percentage of V-1 killed, reaching 83 percent in September 1944.
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Figure 4
Final Layout of Diver Defenses
Source:  Werrell, Kenneth P., The Evolution of the Cruise Missile (Maxwell AFB, Alabama: Air University Press, 1998), 46

Two major contributors to the dramatically increasing percentage of V-1 kills was the widespread introduction of the SCR-584 gun laying radar used in conjunction with the M-9 or Number 10 predictor, and heavy AA gun shells fitted with proximity fuses.  In February 1944 Pile requested 184 SCR-584 sets for immediate use.  Pile’s ultimate goal was to have one of these radars sets located at each heavy gun battery.  To reach this force ratio would require 430 SCR-584 sets.
  Pile considered this piece of equipment to be such a critical component of the Diver defenses that he persuaded Churchill to help acquire the SCR-584 from the Americans.  He also sent a special emissary to Washington D.C to smooth out the details for the acquisition of the initial 164 sets.
  AA Command received delivery of these sets in late July 1944.  

The key to the success of the SCR-584 gun laying radar set was that it worked in tandem with the M-9 or Number 10 predictor.  The M-9 was used with the U.S. 90mm gun and the Number 10 predictor with the British 3.7-inch gun.  The SCR-584 automatically tracked its target once it had established radar contact.  Then the SCR-584 passed the target’s azimuth, range, and altitude information to early electric analog computer, either the M-9 or Number 10 predictor.  The predictor calculated an intercept solution allowing the AA gun to hit the target, which then converted the intercept solution into orders for the AA gun.  The Gun then followed the electronic orders automatically.
  The combination of the SCR-584 and the M-9 or Number 10 predictor gave the British a totally automatic, all weather, fire control system for the 90mm and 3.7-inch heavy AA guns.  Automating the process greatly reduced the induced errors and reaction time, which significantly enhanced the guns ability to shoot at a small, fast, low altitude target.  

The guns would become even more successful with the introduction of the proximity fuse.  A proximity fuse (VT) is a small acoustical sensor located in the nose of a heavy AA shell, which allows it to explode as it passes a preset distance from the target.  VT shells entered service with AA Command in July 1944, even though this type of shell had seen combat with the US Navy in the Pacific theater as early as January 1943.
  The US Navy, and specifically Admiral King, the Chief of Naval Operations, objected to the use of VT shells over land for fear of the enemy exploiting the technology against the Allies.
  Only through high-level intervention was the VT shells released for British use.  To match the small size of the V-1, the proximity fuses were fine tuned by British scientists.
  When compared to timed or contact fuses, VT shells were five times more effective in destroying V-1s.
  The adjusted shells reached field units about the same time as the SCR-584 paired with a predictor.  The combination of these three new technologies; SCR-584, predictor, and VT shell, produced a truly deadly anti-aircraft system, which allowed the British to all but eliminate the threat imposed by the V-1.  

Effectiveness of Air Defenses

To determine the effectiveness of the Allies defenses against the V-1, you must look at both sides of this campaign.  The only way to get a feel for the overall magnitude of the threat is by looking at German launch rates and non-combat attrition.  With an eye on the magnitude of the V-1 threat, then the relative merits of each aspect of the defense come to light. 

V-1 Attrition

Launches

From 12 June until 5 September the Germans launched a total of 8,835 V-1 against England.  All but 289 of the V-1s fired were launched from modified sites in France.  Flakregiment 155(W)’s launched V-1s at a steady rate through out the period.  Reaching its maximum sustained launch rate during the first week of July 1944, when it fired 820 V-1 in seven days.
  Flakregiment 155(W)’s peak launch rate of 316 V-1 fired in a 24-hour period was achieved on 2/3 August 1944.
  Only once did the launch rate notably decline due to the efforts of Allied airpower.  This happened in August when the supply sites at Nucourt and St. Leu d’Esserend were attacked.  Resulting in Flakregiment 155(W)’s launch rate dropping to 164 in seven days.

Of the 8,835 V-1 launched from 12 June to 5 September Flakregiment 155(W) accounted for 96.75 percent, and remainder were launched by KG 53. 

Non-Combat Losses

Being an immature weapon system, the V-1 suffered a fairly high attrition rate from non-combat losses.  Roughly 28 percent of the V-1s launched during from 12 June to 5 September did not survive long enough to encounter ADGB defenses.  Non-combat losses were causes by various reasons.  Based on a 24 July study, the Germans concluded that 28.6 percent of the non-combat losses were due the airframe, 25.3 percent from the catapult, 16.3 percent due to the engine, 13.9 percent caused by the control equipment, 2 percent where caused by operating errors, and 13.9 percent to unknown causes.
  Given that the German’s launched 8,835 V-1s, and based on a non-combat attrition rate of 28 percent, then one can expect that 2,508 of these flying bombs would have never reached the English coastline.  The remaining 6,329 V-1s entered the defensive zone established by ADGB.

Kills

British records indicate that ADBG forces brought down 3,363 V-1s, out of the estimated 6,329 reaching England (see Appendix B), or roughly 55 percent of the V-1 encountering ADGB forces were killed.  The remaining 45 percent, or 2,865 V-1s, survived to reach their target.

Defense Assets Committed

The Allies committed a tremendous numbers of men and equipment in an effort to defeat the V-1.  Allied senior leadership considered the V-1 to be such a thereat to England they made Operation Crossbow and the Diver defenses the highest priority.  Due to the uniqueness of the campaign and the number and types of forces used to defeat the V-1 their relative effectiveness is still worthy of discussion. 

Offensive Bombing

Starting in December 1943 the Allies started to bomb targets associated with the V-1: large sites, ski sites, and supply depots.  From December 1943 to 12 June 1944, 31,619 tons of bombs were dropped in support of Operation Crossbow.  Nearly 75 percent of the total was targeted against the ski site.  After 12 June to 3 September 1944 Allied heavy and tactical bombers flew 26,000 sorties dropping an additional 73,000 tons of munitions against V-1 production, storage, and launch facilities.
  The ski sites remained the priority target until after 27 June, resulting in several sites being revisited by Allied airpower 35 to 40 times.
  

The most visible effects of the bombings were realized after hitting V-1 supply sites on 2 through 9 August 1944.  During this short period of time, heavy bombers dropped over 11,000 tons of bombs on the primary V-1 supply points, which had the direct but short lived impact of significantly reducing Flakregiment 155(W)’s sustained launch capability.
  The offensive bombing effort against the V-1 after 12 June 1944 cost the Allies 197 aircraft and 1,412 aircrew members.
  

On the whole the offensive bombing of V-1s production and launch site proved to be non-effective.  Operation Crossbow Had Allied leaders presses for more rigorous attacks against the German transportation systems, and V-1 storage sites, verses the production and launch facilities, the story may have been different. 

Fighters

In mid-August 1944, at the height of the action, 15 day-fighter and 6 night-fighter squadrons were committed to defend London against the V-1.
  Many of the aircraft committed to the defense were the newest fighter types available, including the Meteor I.  From 12 June to 5 September 1944 fighter aircraft accounted for 1,771 and one-third V-1s kills, out of a total 3,463 flying bombs destroyed by Allied air defenses.  The fighters are credited with achieving 51 percent of the total V-1 kills from June until September 1944.  For the fighters to achieve this record they flew 20,000 intercept sorties, resulting in one kill per eleven sorties.  Manned fighters proved to be the most effective, if not expensive, defense against the V-1.

Anti-Aircraft Guns

On 7 August 1944, ADGB forces had 592 heavy and 892 light AA guns, and 254 AA rocket launchers in operation against the V-1.  From the initial V-1 launch by Flakregiment 155(W) on 12 June until 5 September, AA guns received credit for 1,459 kills, or 42 percent of the total ADGB effort.  However, over three-quarters of the AA kills came after relocating the Gun Belt to the English coastline, and after the SCR-584/predictor/VT combination was wide spread use.  It is easy to speculate on the effectiveness of the AA guns had the SCR-584/predictor/VT combination not been available for the Diver defenses.  As it was, after gaining adequate freedom of action, the guns proved to be a very effective counter to the V-1.

Barrage Balloons

The balloon belt accounted for a very small number of V-1s, approximately 230.  At the height of operations with over 2,000 balloons were in action, their achievements where nominal.  Balloons accounted for roughly four percent of the kills prior to moving the Gun Belt, and seven percent after the move.
  It is easy to identify the balloons as the least effective element of the Diver defenses.

Damage Caused by V-1s

The V-1 caused a tremendous amount of damage in the greater London area.  The reason for this is twofold. First, the V-1 tended to cause more damage to buildings per pound of explosive than conventional attacks.
  This was due to the V-1 impacting the ground flying at a shallow angle, and used of more effective explosives.  Second, the V-1 could attack in any weather, any time of the day or night, with little to no warning.  When air raid sirens were used to warn people of a V-1 attack, large areas of the city were placed on alert.  It was not unusual for the air raid warning go off six to twelve times a day.  Since a V-1 attack generally only affected a small, localized section of the city, Londoners soon became complacent to the general-purpose warnings.  Some people ignored the warnings altogether allowing a V-1 to catch them unprepared.  The warning system was later adjusted to facilitate focused the pinpoint V-1 notification. This was usually accomplished at the local level, by placing observers on building.  The shallow dive angle of the V-1 produced more fragments, and flying glass that a standard bomb, producing more casualties on unprotected people.  

The V-1 attacks of June 1944 inflicted 1,600 killed, 4,500 seriously and 5,000 slightly injuries and damaged 200,000 houses.
  During the month of July the V-1s killed and additional 2,441 people and wounded 7,101 more.
  The V-1s also caused considerable effect to London’s ability to produce war materials.  The attacks of June alone accounted for four railroad stations being abandoned, three hospitals evacuated, a broken down telephone switchboard, and eleven factories damaged.
  In the period from June through September 1944, V-1s hit 176 factories, 146 power or gas lines, 141 railroad bridges and 57 military instillations.
  V-1 attacks also contributed to a decline in factory productivity, due to the frequent air raid warnings.  By the end of June 1944 London and its citizens were feeling the effects of Flakregiment 155(W)’s prodigious efforts.

The people of London reacted to the effects of the V-1 by leaving the city in droves.  The official evacuation of school children from the greater London area started on 3 July 1944.  By 17 July approximately 170,000 of the 207,000 children registered for relocation had been moved to the country.
  A month latter in the middle of August, an estimated 1,450,000 people had left London, of which only 275,000 were official evacuees.
  This was a greater number of people to evacuate the city than seen during the “Blitz” of 1940.
.  

During the entire V-1 campaign, 12 June 1944 through 29 March 1945, Germany fired 10,492 V-1s against England killing 6,184, and seriously injuring 17,981.
  An estimate specific to London is 5,566 killed and 16,182 injured.
  Of the 3,531 V-1s that eluded ADGB forces 92 percent fell in the period 12 June to 5 September 1944.
  It is difficult to find causality statistics specifically for the period from June to September.  However, one can estimate the damage inflicted by using 92 percent of the total, with the assumption that the damage inflicted per V-1 impact is constant.  Using this method, the estimated loss of life inflicted in London from 12 June to 5 September 1944 is 5,120 killed and 14,887 seriously injured. 

Conclusion

It is undeniable that the V-1 had an impact on London.  It is also undeniable that the Allies stopped the Germans from using this new weapon.  The question is only whether the affects achieved by both sides were worth the cost.  

The Germans spent an estimated $200 million U.S. wartime dollars on V-1 development costs alone.
  Many people see the efforts the Germans invested in the V-1 as a waste.  The argument is that the money, resources, production capacity, and manpower spent on the V-1 program could have produced thousands of additional fighters, possible stemming the tide of the Allies bombers.  But the issue facing the Germans in 1944-45 was not one of airframe production, but one of fuel limitations and aircrew training.
  Producing the V-1 did not affect either of these issues.  However, the V-1 did give the Germans a method, involving little risk to themselves, to extract a bloody toll from the British populace.  Although this strategy of terror was bankrupt, it did inflict enough pain upon Britain to force them to respond with a strong defense.  

The V-1 attacks in June 1944 placed the Allies in a very difficult position.  They needed to find the appropriate offensive and defensive force levels.  If they were wrong, it could cost thousands of people their lives.  In retrospect it is easy to determine that Allied leadership chose wisely, while simultaneously overlooking their flaws.  

A significant amount of Allied airpower was focused on defeating the V-1.  Heavy and tactical bombers dropped thousands of tons of bombs on V-1 targets, which did not greatly affect Flakregiment 155(W)’s launch capability.  British fighters, flying thousands of defensive sorties, over their homeland, realized airpowers only real affect against the V-1.  This effect came at great cost.  Aircraft flying defensive patrols could take the war to the enemy’s homeland.  

The key factors allowing Allied forces to stem the V-1 tide were focusing British intelligence on the threat, giving the AA forces freedom to engage by moving them to the coastline, and speeding the introduction of the SCR-584, predictor, and proximity fuse combination.  These three factors combined with a solid British air defense system allowed the Allies to come to terms with the V-1 threat, greatly limiting their effects.  After 5 September, V-1s launched by Flakregiment 155(W) were little more that a nuisance to Allied air defenses. 

Like the cost associated with the German’s use of the V-1, the defense of Great Britain also came with a cost.  The thousands of bomber and fighter sorties flown, redeploying hundreds of AA pieces, and procuring new high tech equipment cost the Allied plenty in manpower, equipment, and opportunities.  An estimate comparing the spending levels associated with the V-1 campaign is that for each dollar the Germans spent, the Allies spent between 3.8 and 4.0.
 How effective was this?  How much money is a nation willing to spend to defend its people from terror attacks?  

After 2 September 1944, Flakregiment 155(W) stopped operating from its sites in France.  The location of Allied ground forces made their positions untenable.  From 2 September 1944 until 29 March 1945 Flakregiment 155(W) only fired 275 more V-1s against England, of which only 13 reached their target.
  The remainder were unceremoniously dispatched by the defenders. 

Appendix A

V-1 Model Characteristics

	Model
	
	A1
	B1
	B2
	C1
	D1
	E1
	F1

	Role
	
	Missile
	Missile
	Missile
	Missile
	Missile
	Extended
Range
Missile
	Missile
Extended
Range

	Wing Span
	ft - in
	17 - 7¾
	18 – 9¾
	18 – 9¾
	18 – 9¾
	18 – 9¾
	18 – 9¾
	18 – 9¾

	Fuselage Length
	ft - in
	23 - 7¼
	23 - 7¼
	23 - 6
	23 - 6
	23 - 7¼
	23 - 7¼
	23 – 65/8

	Overall 

Length
	ft - in
	27 – 51/8
	27 – 51/8
	27 - 4
	27 - 4
	27 – 51/8
	27 – 51/8
	27 -2¼

	Height
	ft - in
	4 - 8
	4 - 8
	4 - 8
	4 - 8
	4 - 8
	4 - 8
	4 - 8

	Fuel
	gal
	159
	182
	182
	182
	182
	214
	271

	Empty Weight
	lb
	1,631
	1,631
	1,631
	1,631
	1,631
	1,632
	1,362

	Equipped Weight
	lb
	4,807
	4,807
	4,917
	4,917
	4,917
	4,917
	4,829

	Warhead

Weight
	lb
	1,830
	1,830
	1,830
	1,830
	1,830
	1,830
	1,169

	Warhead 
	type
	Amatol 39A
	Amatol 39A
	Trialen 105 or 106
	SC800
	Poison Gas
	Amatol 39A
	Amatol 39A

	Flight Duration
	min
	25
	30
	30
	30
	30
	34
	43

	Cruise Speed
	mph
	360
	360
	360
	360
	360
	360
	360

	Max speed 
	mph
	408
	408
	408
	408
	408
	408
	408


Source: 
Hölsken, Dieter, V-Missiles of the Third Reich: the V-1 and V-2. Sturbridge, Massachusetts: Monogram Aviation Publications, 1994, pg 355
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V-1 Launches and Destructions:  12 June – 05 September 1944 
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	Total
	Percentage of Total
	Percentage Encountering Defenses

	V-1 Launches
	8,835
	100%
	N/A

	Non-Combat Losses
	2,506
	28%
	N/A

	Combat Losses
	3,463
	39%
	55%

	Estimated
Get Thoroughs
	2,865
	33%
	45%


Sources:
Hölsken, Dieter, V-Missiles of the Third Reich: the V-1 and V-2 (Sturbridge, Massachusetts: Monogram Aviation Publications, 1994), 210 and

Collier, Basil, The Defence of the United Kingdom. (London, UK: Her Majesty’s Stationary Office, 1957), 523
Glossary

AA
Anti-Aircraft

AAA
Anti-Aircraft Artillery 

AOR
Area of Responsibility

ADGB
Air Defense Great Britain

Buzz Bomb
Nickname for V-1

CH
Chain Home radar

CHL
Chain Home Low radar

CHEL
Chain Home Extra Low radar

Crossbow
Allied codeword for bombing campaign against V-1

Diver
British codeword for V-1

Doodle Bug
Nickname for V-1

FLAK
Flieger Abwehr Kanone, aircraft-defense gun

Flying Bomb 
Nickname for V-1

Get Through
Air Defense slang for an enemy that eluded the defenses

FZG
Flakzielgerät, flak target apparatus

KG
Kampfgruppe, Battle Group, or Bomber Wing

GCI
Ground Controlled Intercept

IADS
Integrated Air Defense System

RAF
Royal Air Force

ROE
Rules of Engagement

USAAF
US Army Air Forces

RLM
Reichsluftfahrtministerium, State Ministry of Aviation

SCR
Signal Corps Radio
Oberst
Colonel

VT
Proximity fuse shell
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� Although the flying bomb used several names, for simplicity sake the term V-1 will be used from this point forward.


� The letter W stood for Werfer (thrower or launcher) 


� This estimate was based on 55 sites x 2 launched per hour x 6 hours 
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