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  APPENDIX A Other Ordnance Combat Vehicles


  Tank Recovery Vehicles


  T2 TRV (M31, M31B1, AND M31B2)


  In early 1942, work began on developing a heavy artillery tractor based upon the Medium Tank M3A5. After testing it was decided it was unsatisfactory due to its limited storage space but could be used as the basis of a tank recovery vehicle. OCM 18928 of 24 September 1942, ordered 750 Medium Tanks M3 converted to the Tank Recovery Vehicle (TRV) T2, but shortages of M3 meant the conversion was also done with the M3A3 and M3A5. All armament except the bow mounted machine gun and a .30 caliber machine gun on a turret ring mount were removed and dummy guns were fixed in the place of the 75mm and 37mm guns. A 10,000-pound capacity crane was fixed to the turret. By placing boom jacks on the ground, weight capacity could be increased to 30,000 pounds. A 60,000-pound capacity winch could be run to the front or rear of the vehicle for towing or up through the turret and over the boom crane for lifting.


  Baldwin Locomotive began converting the first of 655 M3-series to Tank Recovery Vehicles T2 in October 1942. Of those, 509 Medium Tanks M3 were rebuilt as Tank Recovery Vehicles M31, and 146 Medium Tanks M3A3 and M3A5 were rebuilt as Tank Recovery Vehicles M31B1 and M31B2. Another 150 Tank Recovery Vehicles M31B1 and M31B2 were purpose-built by Baldwin using the Medium Tank M3A3 and M3A5 chassis. On 25 August 1943, OCM 21554 recommended classifying the T2 as Limited Standard and assigned the M3-based T2 the designation M31, the M3A3-based the designation M31B1, and the M3A5-based the designation M31B2.1


  Of the 805 TRV T2 completed, the 146 Baldwin-built diesel-engine M3A5-based M31B2 went to the Soviets as Lend-Lease. Another 109 M3-based M31 TRV were rebuilt again as Prime Movers M33 with the turret and jib boom removed as an expedient prime mover for the 240mm Howitzer M1 and 8-inch Gun M1.2


  T5 TRV (M32, M32B1, M32B2, M32B3, AND M32B4)


  The lack of Medium Tanks M3-series for conversion led to development of a Medium Tank M4-series TRV under OCM 19995 of 17 March 1943. Development of five pilots using the M4, M4A1, M4A2, M4A3, and M4A4, designated T5, T5E1, T5E2, T5E3, and T5E4 respectively, was approved 19 April 1943. They were simpler than the T2 design, with a fixed turret superstructure and simpler A-frame crane, without the turret mounted boom crane of the T2. However, a sixth pilot, designated the T7, was approved with a boom crane mounting similar to the T2. Lima Locomotive began work on the pilots in January 1943 and by June shipped the T5E1, T5E3, and T7 to Fort Knox for testing by the Armored Board. The Armored Board considered the T5 type much superior to the T7, and in August OCM 21554 recommended standardizations of the T5, T5E1, T5E2, T5E3, and T5E4 as the M32, M32B1, M32B2, M32B3, and M32B4 respectively, and termination of the T7. The T5-series TRV mounted a 60,000-pound capacity winch and an A-frame crane with a 20,000-to-30,000-pound capacity. The hull .30 caliber machine gun was retained, and a .50 caliber machine gun was ring-mounted on the turret. An 81mm mortar was also mounted on the front hull for firing smoke rounds.3
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  TRV M32B1 Step N Fetchit in Sainte-Mère-Église in June 1944. This may be USA 40154684, one of six converted Medium Tanks M4A1 completed by Pressed Steel Car in December 1943.


  In addition to the five pilots, Lima Locomotive converted 14 T14E2 (a variant retriever for the USMC), 12 M32B2, and 20 M32B3. Pressed Steel Car built 91 M32B1 from new production and converted 163 M32, 484 M32 B1, and 298 M32B3. Baldwin Locomotive converted 180 M32B1, 37 M32B1E9 (with the E9 suspension), and 30 T14E1. Federal Machine and Welder converted 400 M32 and M32B1. International Harvester converted 50 T14E1. Only the single M32B4 (T5E4) pilot conversion was built by Lima. Like the 109 TRV T2 converted to Prime Mover M33, 24 TRV T3 (M32B1) were converted to Prime Mover M34.


  Mine Clearing Vehicles


  During World War II, the War Department divided responsibility for land mine clearance between the Corps of Engineers and the Ordnance Department. They assigned the task of detecting mines and then clearing them by explosive means to the Corps of Engineers. Ordnance received the task of removing mines by mechanical means.4


  Ordnance’s effort can be broadly divided into several distinct types: powered and unpowered roller-type mine exploders, dragged or pushed sled-type mine exploders, mechanized flail-type mine exploders, and mine plows, as well as a few less easily categorized designs.


  T1 AND T1E1 MX


  The French first sparked the U.S. Army Ordnance Department’s interest in mechanical mine clearing devices. In November 1940, an Ordnance memorandum included a drawing, based on a French design, of a roller-type mine exploder consisting of three sets of rollers, two in front and one trailing behind, propelled by a tank. The sketch became the basis of the first Ordnance-designed roller system, which was designated Mine Exploder T1. Ordnance completed the first pilot in mild steel and tested it mounted on a Medium Tank M3 at Aberdeen in 1942.5 Unfortunately, while it detonated mines easily, the initial rig failed to meet requirements for maneuverability and durability, which led to development of an improved model designated T1E1 by OCM 20847 of 24 June 1943. GarWood Industries built it of armor plate, which improved durability, but also increased weight to 18 tons. The increased weight reduced controllability and maneuverability, so in an effort to improve things the rear roller was moved to the front and the entire assembly was fitted to a Tank Recovery Vehicle M32, so its forward boom could lift the rollers out of craters as needed. The three rollers each consisted of six two-inch thick discs, separated by two-inch spacers. Nick-named the “Earthworm,” Ordnance tested it at Aberdeen in December 1943. While still difficult to maneuver, it proved almost indestructible, so 75 were approved for manufacture in April 1944.6 By 20 December 1944, there were 46 with troops and 4 in depots assigned to the ETOUSA.7


  
  Table 87. Tank Recovery Vehicle Production

  

	Month


	M31/M31B2 Diesel New


	M31 Gas Rebuilt


	M31/M31B2 Diesel Rebuilt


	M32B1/M32B3 New


	M32/M32B1/M32B2/M32B3/T14E1 Rebuilt





	Oct 1942


	0


	10


	0


	0


	0





	Nov


	2


	0


	0


	0


	0





	Dec


	0


	0


	0


	0


	0





	Jan 1943


	10


	40


	0


	0


	0





	Feb


	21


	23


	0


	0


	0





	Mar


	12


	45


	0


	0


	0





	Apr


	14


	46


	0


	0


	0





	May


	20


	40


	0


	0


	0





	Jun


	35


	56


	0


	0


	0





	Jul


	17


	50


	0


	0


	0





	Aug


	18


	33


	40


	0


	0





	Sep


	0


	42


	49


	0


	0





	Oct


	0


	50


	40


	0


	0





	Nov


	1


	46


	16


	0


	0





	Dec


	0


	28


	1


	31


	6





	Jan 1944


	0


	0


	0


	52


	20





	Feb


	0


	0


	0


	1


	0





	Mar


	0


	0


	0


	7


	35





	Apr


	0


	0


	0


	0


	80





	May


	0


	0


	0


	0


	102





	Jun


	0


	0


	0


	6


	93





	Jul


	0


	0


	0


	8


	98





	Aug


	0


	0


	0


	6


	96





	Sep


	0


	0


	0


	0


	90





	Oct


	0


	0


	0


	0


	90





	Nov


	0


	0


	0


	0


	113





	Dec


	0


	0


	0


	0


	181





	Jan 1945


	0


	0


	0


	0


	124





	Feb


	0


	0


	0


	0


	130





	Mar


	0


	0


	0


	0


	146





	Apr


	0


	0


	0


	0


	86





	May


	0


	0


	0


	0


	30





	Jun


	0


	0


	0


	0


	22





	Jul


	0


	0


	0


	0


	25





	Aug


	0


	0


	0


	0


	15





	Total


	150


	509


	146


	91


	1,582
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  Mine Exploder T1E1 mounted on the TRV M32.


  T1E2 MX


  Ordnance next attempted to improve maneuverability and decrease weight in the T1E1 by reducing the thickness of the rollers by a half inch and by eliminating one roller assembly. The two roller assemblies each consisted of seven larger discs, with cut-outs to further reduce weight to 14 tons. Designated Mine Exploder T1E2, testing at Aberdeen showed little improvement. Maneuverability remained marginal and rollers covered less area, which meant two vehicles were required to complete a single gap. Furthermore, Ordnance was dissatisfied with mounting the device on the M32, which was virtually unarmed, and so development of a design mounted on the standard Medium Tank M4 began.8


  T1E3 MX


  The new design featured two sets of disks, four each initially and then five in the final design, each eight feet in diameter. Each roller was propelled by a chain drive geared off the forward drive wheels of the Medium Tank M4. The massive two- and three-quarter-inch-thick armor steel disks were fitted with spacers and four large cut-outs reduced weight, which was still a hefty 29.5 tons. Ordnance designated it Mine Exploder T1E3, but the troops quickly nicknamed it “Aunt Jemima” for obvious reasons. ASF authorized production of 200 units by the Whiting Corporation from March to December 1944. Some were later modified with serrated disk edges to improve traction, but the weight remained so great that a “pusher-plate” was fixed at the rear so that a second tank could help push the device.9 By 20 December 1944, there were 44 T1E3 with troops and 21 in depots assigned to the ETOUSA.10
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 Mine Exploder T1E3 mounted on a Medium Tank M4.


  T1E4, T1E5, AND T1E6 MX


  Chrysler also proposed an improved roller-type mine exploder with reduced weight to improve mobility. The design used sixteen serrated disks, each four feet in diameter and reduced weight to 24 tons. The Chrysler twin-boom mount attached to the tank towed the rollers on a flexible ball and socket joint, improving maneuverability. Ordnance designated it as Mine Exploder T1E4. ASF let a limited procurement order, but probably fewer than a half-dozen were completed by the end of 1945, and none saw combat service.11


  Ordnance developed an improved T1E3 based upon combat experience in 1945. Designated the Mine Exploder T1E5, it reduced the size of the discs to six feet but increased the number of them to six on each roller to give better ground coverage. The disks were serrated for better traction and the entire assembly weighed 20.5 tons. It was better than the T1E3, but not as maneuverable as the T1E4. Only the pilot was completed.12


  The last of the indigenous American-designed mechanized roller-type mine clearing devices was the Mine Exploder T1E6, which was an improved T1E4. It utilized a widened frame and 19 rather than 16 rollers for wider coverage compatible with the greater track width of the late-war HVS-equipped Medium Tank M4. The Whiting Corporation built five in the last six months of 1945.13


  However, the final roller-type mine clearing device produced by the United States in World War II was the Mine Exploder T13. It was developed beginning in August 1944 as an adaptation of the British “Centipede” mine clearing device. “Centipede” consisted of 23 steel-rimmed concrete rollers towed by a framework in two rows. It was intended for anti-personnel mine fields when towed by a tank or other suitable armored vehicle impervious to smaller mines. The T13 changed the design to two rows with just nine rollers that was pushed by a Cargo Carrier M29, which did not exert enough ground pressure to explode antitank mines mixed in with the anti-personnel mines. ASF authorized limited production in December 1944, and it saw some use in the Pacific.14


  T2 AND T2E1 MX


  The second type of mine clearing apparatus considered by the Ordnance Department were simple sleds constructed of armor plate slabs, which was dragged by a tank. The Mine Exploder T2 was designed for the Light Tank M3 and the T2E1 for the M32 TRV. The limitations of the Mine Exploder T2 were obvious—the design of the rig prevented the tank from firing forward. The Mine Exploder T2E1 “solved” that problem, since the M32 TRV was unarmed, but otherwise suffered the same limitation as the T2—neither really worked well at exploding mines. Instead, they tended to pile dirt up in front as they were dragged or pushed, which dissipated the ground pressure, so failing to detonate the mines. Neither design was produced, and both were quickly dropped from consideration.15


[image: bck_fig_004]


The Mine Exploder T2 mounted on the Light Tank M3. The limitations of the system are obvious.


  T3, T3E1, AND T3E2 MX


  The third type of mine clearer was based on the British development of the mine clearing “flail.” British Ordnance in North Africa began experimenting with the flail type of mechanized, armored mine clearing devices as early as 1942. Originally developed in the Western Desert by a South African engineer, Major Abraham S. du Toit, as the “Baron,” mounted on a Matilda Infantry Tank, the flail mine-clearer consisted of a large steel drum, fitted with heavy chains that beat the ground when the drum was rotated by twin auxiliary motors, exploding mines ahead of the tank.16 After further development, when fitted to the Grant and Sherman tank it was designated the “Scorpion.” Unfortunately, in the “Scorpion” design the auxiliary motors complicated operations and maintenance, since if one failed or was damaged the entire vehicle was useless. Thus, in mid-1943 a new design was completed that took power off the vehicle main engine, via a geared shaft running through the right side of the hull. Mounted on a Medium Tank M4A4 (Sherman V), it was christened the “Crab.” The “Crab” retained the 75mm main armament of the Sherman tank and so could double as a gun tank, a major advantage. However, the main armament was normally traversed to the rear when flailing, to prevent damage to the gun sight, gun tube, and elevation mechanism from the debris flung up by the flail and exploding mines. It also wasn’t perfect as a mine-clearer—on undulating ground the rotor boom tended to raise momentarily, missing contact with the ground and any mines there, often with disastrous results. Nonetheless, it was a major improvement over hand clearing methods of mine removal. Over level ground a speed of one to one-and-one-half miles per hour could be maintained as the “Crab” cleared a path eight to nine feet wide.17


  In early 1943, U.S. Army Ordnance built an American version of the Scorpion design with auxiliary motor and boom-mounted flail. It was tested at Aberdeen fitted to a Medium Tank M4A4. Ordnance accepted it as the limited procurement Mine Exploder T3. Thirty conversions were completed by the Pressed Steel Car Company in April 1943, followed by a second order of 11 in July 1943. Combat experience with the 6617th Mine Clearing Company during the Anzio breakout in Italy during May and June 1944 demonstrated the many defects of the design. The increased weight and width severely reduced the maneuverability of the vehicle, the boom could not follow the contour of the ground, and mine explosions frequently disabled the roller and/or vehicle. It was removed from service in July 1944.18


  The next Ordnance flail-type design was similar to the British-designed Crab. Designated the Mine Exploder T3E1 by OCM 20966 of 17 June 1943, it powered the flail rotor from the tank’s engine instead of with an auxiliary engine, saving weight and reducing the vehicle width. The design proved much more maneuverable than the T3, but still could not follow ground contours, leading to relative ineffectiveness in exploding mines. No production was authorized beyond the pilot, and the project was canceled in 1944.19
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 A Mine Exploder T3 of the 6617th Mine Clearing Company. The greatly increased width is readily apparent.


  The problems encountered by the T3 and T3E1 led to the involvement of the NDRC and a more scientific analysis of just how the flails worked and how they could be made more efficient. The NDRC study demonstrated that the small roller drum and chain design developed by the British was very inefficient; at the moment of impact the flails were vertical and moving horizontally, which left only the tips of the chains to actually strike the ground. After testing various models, in December 1943 the NDRC proposed a larger drum, set closer to the ground.20 The NDRC tests demonstrated such a design meant the flails were nearly horizontal and moving vertically when they struck the ground. The result was the mine detonated in front of rather than under the drum, the flails threw less dirt—and occasional mines—back toward the tank, and more kinetic energy was delivered by the flail to the buried mines. In August 1944, the NDRC completed tests at Aberdeen using a half-width version of its design mounted on a T3, dubbing it the “Rotoflail.” Critics pointed out that the large drum obscured the driver’s visibility, which then led to further work optimizing the drum size to minimize the obscuration. It is also notable the width of the “Rotoflail” design was even greater than that of the rejected T3 MX. It was not until 12 April 1945 that OCM 27570 finally recommend the production of two mine exploders based on the finalized “Rotoflail” design and designated them as Mine Exploder T3E2. They were still incomplete at war’s end.21
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  A British Crab I Mine Clearer of Company B, 739th Tank Battalion (Special-MX) in Vicht, Germany in the Hürtgen Forest, 21 February 1945.


  Several other extemporaneous flail tanks were constructed by Army and Marine ordnance personnel during the war and then later during the Korean War, but the T3E2 effectively was the last indigenous American flail-type mine design.22 Note while it is sometimes said the British-supplied Crab flails were designated by Ordnance as the Mine Exploder T2 or T4, there does not appear to be any evidence to support it. That designation was given to the series of plow-type mine clearers initially developed by the Corps of Engineers. In American reports the British Crab I and Crab II were referred to as such.23


  T4, T4E1, T5, T5E1, T6, T6E1, AND T6E2 MX


  The fourth type of mine clearing device considered was the mine plow, designated a “Mine Excavator,” which essentially bulldozed mines out of the path of the vehicle. Lieutenant Hays’ and Major Eklund’s development of the tankdozer in 1942 and 1943 eventually branched into two developments: a combat earthmover, and a mine plow. In October 1942, Eklund experimented with bulldozing mines out of the way of men and vehicles. The first attempt was a simple straight bulldozer-type blade, which proved unsatisfactory, as was a redesign. By spring 1943, Eklund and the Engineer Corps with help from two major tractor blade manufacturers, LeTourneau and LaPlante-Choate, produced two V-shaped blade designs with a toothed lower edge that operated more like a plow than a bulldozer. However, neither worked better in tests than any of the other mine clearing devices then under consideration.24 In June 1943, development of the mine excavator was transferred from the Corps of Engineers to the Ordnance Department. Ordnance designated the first two devices the Mine Excavator T4 and T4E1, while the La-Plante-Choate and LeTourneau designs were designated the Mine Excavator T5 and T6. Ordnance funded further modifications resulting in the T5E1, T6E1, and then T6E2 designs, all striving to achieve the best combination of depth of cut while preventing mines from pushing over the top of the moldboard. After further testing, on 16 September 1943 the Armored Board recommended combining the best features of the T5E1 and T6E2, which was designated the T5E2 and then T5E3 after a further set of modifications. In June 1944, ASF approved the T5E3 for limited production of 100 from March to May 1945. Although some were shipped to the Pacific before the end of the war, none were used in combat.25
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  Mine Excavator T5E3.


  T7 AND T8 MX


  By mid-1943, growing demand from the field for an effective solution to the mine threat led Ordnance to consider novel—to put it charitably—solutions. On 24 June, the John Deere Company proposed an unpowered, disposable system consisting of rollers filled with dirt and gravel pushed by a tank. Designated the Mine Exploder T7, the project was canceled in December after it failed testing at Aberdeen in the fall of 1943.26
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  The three-plunger pilot version of the Mine Exploder T7.


  Another, very unorthodox design was suggested by Lieutenant Colonel Allison R. Williams in August 1943. He designed a system consisting of 18 plungers mounted on shock absorbers and powered by the tank’s front sprockets, which would work like a series of jackhammers, striking the ground an average of seven inches apart with 900 psi of force. The Ordnance Committee approved the idea and designated it the Mine Exploder T8, but it was better known by its nickname as the “Johnnie Walker.” Ordnance tested a three-plunger system built by the York Safe & Lock Company at Aberdeen without success and then again after modifications with six plungers. The second test exploded mines fairly well, but it was difficult to control the direction of travel and stress was placed on the tanks steering, while it remained uncertain just how indestructible the device was. The Ordnance Committee canceled in too on 30 December 1943.


  T9 AND T9E1 MX


  The next design was inspired by the sheep foot compaction rollers used in construction. Designated the Mine Exploder T9 by OCM 21443 of 2 September 1943, it was a massive ten-foot-wide roller with a six-foot diameter, studded with six-inch steel spuds, pushed by a Medium Tank M4. It worked and was “nearly indestructible” but weighed 42 tons and was nearly unmovable in most terrain. A “lighter” 32-ton version designated the T9E1 worked, but barely, and the Ordnance Committee canceled it too at the end of December.


  SELF-PROPELLED MINE EXPLODERS T10, T12, T14, AND T15
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  Mine Exploder T10 undergoing testing at Aberdeen Proving Ground, 7 June 1944.


  The NDRC also weighed in with a remote-controlled, self-propelled mine roller nicknamed the “Tricycle.” A partly completed pilot was tested at Aberdeen and showed some promise but was too subject to damage so was dropped in fall 1943 before it even received a ‘T’ number designation. However, some aspects of the design were adapted for use in the Mine Exploder T10. Fisher built the T10 using the hull of a Medium Tank M4A4 with the suspension replaced by mine exploder wheels. Unfortunately, the result was a vehicle almost 12 feet tall that weighed over 58 tons and was capable of a maximum 7 miles per hour on good roads. After testing at Aberdeen in June 1944 the Ordnance Committee canceled it.27
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  Mine Exploder T12.


  More Ordnance mine clearing projects began in the spring of 1944. Mine Exploder T11 never got past the concept stage, but Mine Exploder T12 was an offshoot of experiments with using 60-pound “Hedgehog” spigot mortars to clear beach obstacles. Twenty-five spigots were mounted on a turntable, which replaced the turret. Five more on a frame mounted on the hull front could be elevated from 0 to 45 degrees for firing at walls and other vertical obstacles.28 It was calculated that the 25 spigot mortar shells would clear a path 20 feet wide and 250 feet deep about 150 feet in front of the vehicle. Three pilots built by York Safe & Lock were tested successfully at Aberdeen in June 1944. However, by that time the Engineer Corps was having greater success with clearing mines using rocket-propelled line charges, and so the T12 was canceled in December 1944.29


  The final two mine-defeating concepts were developed by Ordnance in late 1944 and early 1945. The first was a standard Medium Tank M4 with a reinforced hull bottom and suspension designated the Mine Exploder T14. It was hoped the T14 would be impervious to mines, but after testing it was obvious it was not.30


  Ordnance then turned to developing a mine resistant rather than a mine proof tank. It also featured aa heavily reinforced hull bottom, suspension, and tracks. Designated the Mine Resistant Vehicle T15, it was tested with limited success and then further strengthened as the T15E1, but without much more success. A further modified T15E2 and a T15E3 based on the Heavy Tank M26 were in the planning stages at the end of the war but were canceled before any work on them began.31


  The end of the war brought development and fielding of mechanical mine clearing devices and organization to a near standstill in the U.S. Army for more than sixty years.32


 [image: bck_fig_011]


 Mine Resistant Vehicle T15E1.


  Flame Throwing Vehicles


  The U.S. Army Chemical Warfare Service (CWS) was responsible for development of flamethrower weapons during World War II, including vehicular-mounted weapons. Vehicle mounted flamethrowers became known as either “main armament” or “mechanized” depending on the design. The “main armament” type was manufactured or converted with the flamethrower replacing the tank’s main armament. The “mechanized” type was designed as a conversion kit, which could be mounted in a tank as an auxiliary system as tactical circumstances required and left the tank’s main gun armament in place.


  The first design for a main armament flamethrower was the E1. It was tested in July 1940 without mounting it in a vehicle but was found wanting. It was revised and designated the E2 and mounted in Medium Tank M2A1 #8 in March 1941, replacing the turret 37mm gun. It was demonstrated to the newly organized Armored Board at the CWS proving ground at Edgewood Arsenal Maryland. While it carried 180 gallons of fuel and was capable of projecting flame up to 70 yards for 45 seconds, it used a vulnerable externally mounted nitrogen tank to pressurize the system. The Armored Board was unimpressed and did not recommend it for production.33


  The CWS next developed the E3 system, which used a geared pump driven from a powered takeoff from the engine of a Medium Tank M3 to pressurize the system. The 75mm gun was removed to provide space for the 450 gallons of fuel, but the flame gun, which replaced the 37mm gun in the turret, was only able to project flame about 45 yards. It was demonstrated to the Armored Board at Edgewood in August 1942, but they again did not recommend it.34


  After three failed attempts, the CWS turned over development of a mechanized flamethrower to the NDRC, while it concentrated effort on man-portable and auxiliary mechanized flamethrowers. In turn, the NDRC contracted with the Standard Oil Development Company (SODC) for much of the research and development. By this time, the Armored Force was adamantly opposed to any system where the medium tank’s main armament was replaced by the flame gun, so they concentrated on the mechanized flamethrower for use in medium tanks, while main armament flamethrower design became restricted to light tanks.35
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 The Mechanized Flame Thrower E2.
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 The Mechanized Flame Thrower E3.


  One major step forward for all types of flamethrowers was the development of napalm in mid-1942. It replaced the earlier fuel oil, gasoline, and kerosene mixtures that was not as effective as gasoline fuel thickened with natural latex, which became a scarce resource after the Japanese conquest of Malaya cut off much of the supply of latex. However, napalm did not work well in the pump driven system of the E3, because the pump blades smashed the cellular structure of the fuel reducing it to the same consistency as un-thickened fuel, so the NDRC and SODC focused on gas-pressurized systems. After working on designs similar to the Canadian “Ronson,” NDRC-SODC completed its own flame gun, designated “Q” for “Quickie,” which was given the CWS designation E7. In March 1943, the CWS E3 system and NDRC-SODC E7 went head-to-head in a demonstration for AGF, which selected the E7 for mounting in the Light Tank M5A1 and the LVT(A)-1. Eventually, four Light Tanks M5A1 were rebuilt as the Mechanized Flamethrower E7-7 and sent to the Sixth U.S. Army in Luzon where they were assigned to the 13th Armored Group. The 25th Infantry Division used them in combat during the last few weeks of the war.36 A second pilot, designated E8-8, used the NDRC-designed E-8 flame gun in a casemate superstructure rather than a turret.


  A third pilot, designated E9-9, used a system where the 800-gallon napalm fuel tank trailer was pump-pressurized and connected by a flexible linkage to the Light Tank M5A1. Poor welds resulted in an explosion during a test, which killed four and wounded others. That event, the withdrawal of the Navy from the LVT(A)-1 project due to concerns regarding seaworthiness, and the growing obsolescence of the Light Tank M5A1 resulted in the cancellation of the three light tank main gun flamethrower projects in summer 1944.
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 The Mechanized Flamethrower E9-9 pilot.


  Meanwhile, the CWS concentrated development of a number of types of auxiliary flamethrowers that could be mounted or dismounted from standard light or medium tanks as required, while retaining the vehicles, main armament. The CWS used a nomenclature possibly even more arcane than Ordnance’s for designating these systems. Thus, the flame gun itself was assigned a designation and were one of three types, which could be employed in either light or medium tanks. The first type, designated the Flame Gun E-5, replaced the co-driver’s hull machine gun position. The second type, designated the Flame Gun E-6, was mounted in the co-driver’s hatch periscope. The third type, also confusingly designated the Flame Gun E-6 as well until changed to E-15, replaced the turret co-axial machine gun. The second part of the designation denoted the fuel and pressure tank system used with the flame gun. The system designed for the Medium Tank M4-series consisted of two 24-gallon fuel tanks. One, mounted in the hull sponson was designated the M3, the second, mounted on the transmission cover was designated the M4. A similar system was designed for the Light Tank M3 and M5 consisting of a single 10-gallon fuel tank designated the E5 (it was never standardized). A single pressurized nitrogen tank charged the systems. The combination of the flame gun and tank system resulted in yet another, combined designation. As installed in the Medium Tank M4-series, it was the E4-5 (standardized as the M3-4-3, which indicated the M3 sponson fuel tank, the M4 transmission fuel tank, and the M3 bow-mounted flame gun). In the Light Tank M3 and M5 the combination was designated the E5R2-M3, which was the E5R2 sponson fuel tank and the M3 bow-mounted flame gun. The periscope-mounted system was only produced for the Medium Tank M4 and was designated the M3-4-E6R3.37


  The E4-5 (M3-4-3) saw service, mostly in the ETOUSA. Just 48 of the E4-5 systems made it to the Pacific in 1944 before the ETOUSA was given priority for them in the run up to D-Day. However, prioritization did not mean they were available by D-Day on 6 June 1944. The CWS ETOUSA addressed availability of the Flame Gun E5-R1-5 and the E4-5 mounting on 17 May 1944, with delivery expected no earlier than 15 July.38 The War Department approved the ETOUSA request for 100 E4-5 systems on 1 June 1944 and estimated shipment from the United States would occur roughly 1 July 1944.39 One arrived in England on 15 June and was demonstrated on 29 June in a static test, which unfortunately proved less than encouraging for the observers since the E4-5 failed to ignite after it was refilled for its second use. Nor did the arrival date prove accurate; various delays meant the first systems were shipped by air in September 1944. They were issued on the basis of nine per tank battalion, with initial priority going to the separate tank battalions.40


  The first E4-5 Flame guns were apparently four issued to the 70th Tank Battalion of First U.S. Army on 11 September 1944, which were used in combat, attached to the 741st Tank Battalion. The 70th Tank Battalion instructed the other separate tank battalions of that Army in its use. The E4-5 Flame Guns were issued to the six separate tank battalions assigned to Ninth U.S. Army, beginning in October 1944. Preference was given to installing them in the Medium Tank M4A3E2, since no ammunition stowage was lost in the installation. Some of the 746th Tank Battalion M4A3E2 were so equipped in October (the story of the loss of one of these tanks on 16 November 1944 is recounted in Chapter 13). Another six were issued to the 709th Tank Battalion between 1 and 18 November 1944. The 709th Tank Battalion Maintenance Officer, one of the Company officers, and three non-commissioned officers attended the six-day school on the installation and operation of the E4-5 in October conducted by CWS personnel from the Z/I. A well-known photograph of one of its tanks firing the E4-5 was taken, probably about the same time—often erroneously captioned as a “Sherman Crocodile Flamethrower,” but only two may have ever been used by the battalion in combat, at Vossenack in the Hürtgen Forest November. No other record of its use can be found in the battalion’s records. Otherwise, it is known the E4-5 was used three times by the 743d Tank Battalion in February 1945 and once by the 736th Tank Battalion in April 1945.41
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  The 709th Tank Battalion demonstrating the E4-5 Flame Gun mounted in the bow machine gun position of a Medium Tank M4 (75mm) c. November 1944.


  By 20 December 1944, 499 modified E4-5 mechanized flamethrower systems were held by ETOUSA, but few were issued or mounted due to the reluctance by crews to use them. Instead, the armies allowed tank battalions to return them to CWS depots.42 On 20 January 1945, Third U.S. Army noted that 27 E4-5 flamethrowers were in route from Liege, but no further evidence of significant use of the E4-5 system has been found. The M3-4-E6R3 periscope-mounted system was only produced in 1945, and there is no evidence they saw combat. Problematically, the bow-mounted E4-5 and periscope-mounted M3-4-E6R3 effective range with the commonly available “oil” fuel was just 25 to 30 yards with a well-pressurized tank. With napalm fuel the range was 50 to 60 yards, but the thickened fuel was frequently in short supply. At a flow rate of one gallon per second the fifty-gallon tank was emptied in just fifty seconds, whereupon the tank had to return to one of the refueling and servicing units, which were issued one per five E4-5. Unfortunately, that proved insufficient in the field, so the ETOUSA increased the ratio to one service unit per three E4-5. The next problem was the service unit with fuel weighed 6,850 pounds (3,107 kilos) so required a 2½-ton truck to haul it at a time when they were in chronically short supply. Despite these reservations, by December 1944 the ETOUSA request increased to 630 E4-5 and, thus, 210 service units and trucks.43 Other major objections to the auxiliary flame thrower systems were the exposed position of the fuel tanks high in the sponson and front hull and the additional hindrances to crew access and escape. In the periscope-mounted flame gun the co-driver/hull gunner could not exit through his hatch if the gun was in place, while the transmission tank group in both systems blocked driver and co-driver from access to the belly escape hatch.44


  Although the auxiliary mounted flamethrower saw only limited use in the Pacific, the mechanized flame-thrower was used extensively, mostly due to the efforts of Colonel Unmacht’s Hawaii-based POA-CWS. In early 1944, after priority for the E4-5 auxiliary flamethrower was given to the ETOUSA, Unmacht was tasked with producing a tank-mounted flame thrower as a substitute. He quickly put together a design team known as the Hawaii Flame Group to develop both an auxiliary and a main armament flame gun constructed using local resources in Hawaii. The auxiliary system was similar in design and performance to the CWS E-6 flame gun design and utilized the co-driver’s periscope aperture. A total of 176 systems were built and 18 each were issued to Army tank battalions participating in operations on Iwo Jima and Okinawa, but it is unclear how many were actually used given the general opposition to such systems by the tankers.


  The main armament system designed by Unmacht’s team was based on the Canadian “Ronson” like the NDRC-SODC E7. Unfortunately, while from the start Unmacht wanted to install it in a medium tank, none were available in April 1944 and so twenty-four Light Tanks M3A3 were used for the initial conversions. These were the “Satans” used by the 2d and 4th Marine Division on Saipan with limited success.45


  Then, following a demonstration of a mock-up medium tank main armament flame gun in Hawaii on 17 August 1944, the Tenth U.S. Army authorized the use of two Medium Tanks M4 for conversions to pilots for testing. A team of Army CWS personnel from the 43d Chemical Laboratory Company augmented by initially 26 and eventually 81 officers and sailors from the 117th Construction Battalion (CB or Seabees) worked on the new flame gun design, which combined the best features of the Canadian “Ronson,” the Navy Model 1, and the Army Model ‘Q’ or E7 (the Navy Mark I). The initial flame gun design was completed 24 October 1944 and designated the CB-H1, which was quickly improved and designated CB-H2. The first pilot, Hell’s Afire, used a simple sheet-metal shroud on the flame gun, which Tenth U.S. Army rejected, since they wanted the flame tank’s appearance to be as close to that of the standard medium tank as possible. The second pilot, Confused Buster, mounted the flame gun in a salvaged worn-out 75mm M3 Gun tube.46


  The new design was accepted 1 November 1944 and officially designated the POA-CWS-‘75’-H1 or -H2, depending on the flame gun type. Four fuel tanks totaling 290 gallons were fitted below the turret basket and a carbon-dioxide pressurization tank was fitted in the right sponson. The flame gun achieved a maximum range of 400 feet or 133 yards and an effective range of 250 to 275 feet or 83 to 91 yards at a rate of 1½ to 2 gallons-per-second. The greater range and better protection of the fuel tanks did much to relieve the concerns of the crews. After they were approved by Tenth U.S. Army, eight were converted from Medium Tanks M4A3 and were delivered, four each, to the 4th and 5th Marine Tank Battalions on 30 November 1944. They landed on Iwo Jima on 19 February, going into action two days later. Unmacht’s group completed another 54 conversions by 25 January 1945 using the Medium Tank M4. They equipped the 713th Tank Battalion when it landed on Okinawa on 2 April 1945.47


  The Hawaii Flame Group produced a simple auxiliary weapons system consisting of the M2-2 man-portable flamethrower attached to a 400-foot length of fire hoses contributed by the Honolulu Fire Department. The hose was connected to the tank system of the POA-CWS-H1/H2 and relieved the infantryman carrying the flamethrower of the burden of carrying the heavy fuel and pressure tanks. It also allowed the flamethrower to get into places the POA-CWS-H1/H2 could not reach, like caves high on cliff faces. The only problem with the Flame Group’s design was the fragility of the canvas fire hose. The CWS took the Hawaii Flame Group’s idea and refined it by replacing the canvas fire hose with a napalm-proof hose that could be connected to the tank system of the E12-7R1 (M5-4), the E14-7R2, or the M3-4-3 (E4-5). It was designated the E18-18, and 200 were ordered for the invasion of Japan. The Flame Group completed 194 before VJ Day, but all were canceled when the war ended, and they did not see service.48


  Colonel Unmacht’s Flame Group also developed an improved version of the POA-CWS-H1/H2, which mounted the flame gun coaxially in the turret, retaining the tank main armament. Designated the POA-CWS-H5 the conversion was planned for 72 Medium Tanks M4 (75mm and 105mm) with 70 completed by the end of the war. Eighteen were in route to Okinawa when fighting ceased there; none saw action in World War II. In the end, the Hawaii Flame Group completed 354 tank-mounted flamethrowers in 11 different models by the end of the war.49
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  A demonstration of the H1A-H5A coaxial main gun flamethrower at Schofield Barracks, Hawaii, 23 March 1945. Front row from the left, Captain J. P. Bolanowski points out the targets for Lieutenant General Wilhelm D. Styer, Deputy Commander ASF, Colonel Jay C. Whitehair, Mr. Howard C. Petersen, Special Assistant to the Under-Secretary of War, and Colonel Unmacht.
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  The POA-CWS-‘105’-H5 Flame Tank with the CB-H2 Flame Gun mounted coaxially with the 105mm Howitzer M4.
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  The E8R1 Service Unit (right) servicing the M5-4 Flamethrower. Note the M5-4 conversion utilized a remanufactured Medium Tank M4A1 with the original small driver and co-driver hatches, but a retrofitted commander’s vision cupola.


  The NDRC-SODC also continued development of the E-7 Flame Gun, and in the summer 1944 AGF requested and ASF approved procurement of 20 improved main armament flamethrowers using the Flame Gun E-7R1 mounted in the Medium Tank M4-series. Designated the E12-7R1, it was eventually standardized in early 1945 as the Mechanized Flamethrower M5-4. It used two fuel tanks below a raised turret basket, as in the POA-CWS designs, and a third mounted on the turret basket itself. Fuel stowage was 275 gallons, and the tanks were fueled and pressurized by a special servicing unit comprised of a 2000 PSI compressor and a 500-gallon-per-hour fuel-mixer mounted on 2½-ton trucks. The servicing unit was designated the E8, then modified as the E8R1, and eventually standardized as the M4. ASF approved contracts for a total of 642 E12-7R1 mounted in the Medium Tank M4A1 and M4A3 (75mm and 76mm) and for 150 E8R1 Service Units. Twenty E12-7R1 were completed from November 1944 through April 1945. However, only 151 E12-7R1 and 64 E8R1 were completed by 31 October 1945, when the contracts were canceled, and only 59 of the E8R1 were eventually accepted as M4. It appears most, if not all, of the E7-7 were completed using Medium Tanks M4A1 75mm, many including the M4E9 widened suspension, remanufactured at Chrysler’s Evansville plant. Seventeen were in route to the Pacific when the war ended but did not see action.50


  On 29 January 1945, the ETOUSA responded to a request for requirement from the ETOUSA for the E12-7R1 tank-mounted flamethrower with the usual proviso that the theater should send a team to Fort Knox to witness a demonstration of the new device. In turn, the ETOUSA forwarded a requirement from the 12th Army Group for 12 E12-7R1, but with the proviso they be sent immediately, since the “only acceptable test this Theater is actual tactical performance following which rejection of item or an established firm requirement would be made based on desires of Army Commanders.51 The War Department approved the shipment of ten E12-7R1 and four E8R1 servicing units. A training team of 18 military (10 Armored EM, 4 CWS EM, 2 Armored officers, 2 CWS officers) and one SODC civilian would accompany them. However, they were not expected at the port of embarkation until 1 April 1945. Another 15 E12-7R1 and 6 of the servicing units were in route to the Sixth U.S. Army in Luzon in late June 1945, but its transport ship was forced to put into Guam for repairs and the war ended before they made it to the Philippines. There is no evidence they entered combat.52


  A variant of the E12-7R1 (M5-4) was intended for mounting on the LVT(A)-1 and designated the E14-7R2. It was serviced by a E6 Mixer and E8 Compressor separately mounted in LVT-4. Ten of the fifty E14-7R2 contracted for were completed, along with six each of the E6 Mixer and E8 Compressor. Like the E12-7R1, there is no evidence the E14-7R2 saw any combat.


  The perceived danger of using highly pressurized fuel tanks led to development of the E13-13 mechanized flame thrower by the Morgan Construction Company beginning in February 1944. It utilized a complex system of low-pressure tanks, rubber fuel bladders separating the fuel from contact with air, and a double pneumatic ram to supply high pressure fuel from the low pressure tanks to the E-13 flame gun replacing the 75mm gun. After one pilot was completed, contracts were let 9 August 1945 for 505 Medium Tank M4A1 75mm conversions, but they were all canceled within a few weeks as the war ended. Testing later revealed the low-pressure system was no more or less hazardous than a high-pressure one and it provided no better performance than the E12-7R1 (M5-4).53


  In July 1944, the Massachusetts Institute of Technology was also contracted to develop a mechanized flame-thrower. The pilot was designated the E13R1-13R2 and was based on the Medium Tank M4A1 (76mm) W. It utilized rubber fuel bladders similar to that in the E13-13, but under high pressure, eliminating the overly complex low-pressure and pneumatic ram combination. The E-13R2 flame gun was simple and easy to maintain but was mounted in a sheet-metal shroud mimicking the appearance of the 75mm gun tube, which was vulnerable to damage. Only a single pilot was completed.54


  However, the Armored Command remained adamantly opposed to replacing the tank main gun with a flamethrower, so Iowa University was contracted to design a co-axial flame gun in April 1945. They explored six possible ways of mounting before settling on one where the flame gun was mounted in a blister on the front side of the turret to the left of the gun shield. Designated the E19-19, only a wooden mock-up was completed before the project was canceled at the end of the war.55


  The last wartime co-axial flame gun design was authorized in May 1945. It used the E20-20 flamethrower, mounted in a special cast turret fitted on the hull of the Medium Tank M4A3E2. The 75mm M3 Gun was replaced by the more compact 75mm Gun M6 to save room in the turret and was mounted in a separate combination gun mount to the left of the flame gun. The Ordnance Committee designated it the Flamethrower Tank T33 and authorized 3 pilots, the procurement of an initial order of 17 more, and follow up orders for as many as 600 more. However, the end of production for the Medium Tank M4A3 in June 1945 obviously complicated procurement planning, although the end of the war did not completely kill the project. The first pilot was completed in September 1947 and the other two in January 1948, but no others were built.56
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  Flamethrower Tank T33.


  One other tank-mounted mechanized flamethrower excited interest with American forces as the “best mechanized flame thrower yet developed.” It was the British designed “Crocodile” system designed for mounting in their Churchill Infantry tank. As early as 8 August 1943, the ETOUSA expressed interest in obtaining 100 of the systems for mounting in the Medium Tank M4-series.57 The conversion was developed by the ETOUSA Chemical Warfare Service in cooperation with the British Petroleum Warfare Department.58 A preliminary trial at Langhurst, England, on 28 January 1944 was attended by Lieutenant Colonel Magness, Chemical Warfare Service ETOUSA and a full demonstration was held at Langhurst on 26 February 1944.59 However, by 24 May 1944, the delay in producing design drawings meant it was not possible to manufacture the 100 conversion kits in the United States as originally planned.60 Instead, six were manufactured in England, using Lend-Lease Medium Tanks M4A4 (Sherman V), of which four were issued to the 739th Tank Battalion (Special) in November 1944, while the remaining two were held as replacements. No more were manufactured despite entreaties from the Ninth U.S. Army asking for 60 more to equip an entire battalion.61
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 One of the Six Sherman Crocodile Flame Tanks.


  
  Table 88. Mechanized and Main Armament Flamethrower Production



	Type


	1944


	1945


	Total





	M3-4-3


	1,020


	764


	1,784





	M3-4-E6R3


	0


	192


	192





	E5R2-M3


	50


	300


	350





	M5-4 (E12-7R1)


	20


	131


	151





	POA-CWS ‘Satan’


	24


	0


	24





	POA-CWS-‘75’-H1/H2


	10a


	54


	64





	POA-CWS-H5


	0


	72


	72





	POA-CWS Flame Hose


	0


	194


	194







  a. Including the two pilots, Hell’s Afire and Confused Buster.




  Tank Rocket Launchers


  U.S. Army Ordnance expended considerable time, effort, and expense developing battlefield artillery rockets. No less than four successively improved designs of 4.5-inch folding fin (M6, M8A1, M8A2, and M8A3) and three spin-stabilized (M16, T38, and T38E2) HE rockets were produced, albeit the better spin-stabilized rockets did not appear until January 1945 and only saw limited use in the Pacific.62 At least twenty different launchers were also designed for air and ground launching the rockets. However, just two launchers, the T32 32-tube and the T34 60-tube launchers were designed for tank mountings, firing the folding fin rockets. Only the T34, nicknamed “Calliope” was tested in combat in the ETO, as was a locally produced variant in Italy. As described by The General Board Report, Armored Special Equipment,63



   The T34 is a 60 tube 4.5 inch multiple rocket launcher designed to be mounted above the turret of the M4 (Sherman) medium tank. The rockets are discharged electrically from inside the tank at the rate of one round each half second. The 60 rockets can thus be discharged in 30 seconds. The launcher is linked to the gun tube and is elevated and depressed by means of the gun elevating mechanism. The launcher rotates with the turret. Maximum range is 4000 yards. Range dispersion is considerable and was found to be unpredictable. The launcher can be jettisoned from inside the tank.




  Unfortunately, in practice the T34 did not work as well as advertised. The range dispersion of the rockets was 15 mils, great enough that firing them overhead troops was impractical. The rockets also frequently misfired, while the jettison feature also frequently did not work. Several modifications, suggested from the field attempted to correct some of these and other problems, in a T34E1 and T34E2 version, but with limited success. Worse, the tankers questioned why adding an additional complicated device to tanks that detracted from its primary role as a tank was considered necessary, when a truck-mounted or towed version would be just as effective. Nevertheless, the “Calliope” was used frequently, albeit in small numbers. The 743d Tank Battalion, attached to the 30th Infantry Division, XIX Corps, Ninth U.S. Army was preparing to use thirty launchers in mass near Herzogenrath in a renewed drive on the Roer River on 16 December 1944. The German counteroffensive in the Ardennes aborted those plans. The launchers were discarded when the 743d and the 30th were abruptly shifted south to blunt the German attack. The launchers were never reinstalled. It is known the 4.5-inch Rocket Launcher T34 was also used at different times by the 2d, 4th, 6th, and 14th Armored Division and the 702d, 712th, 753d, and 8781st Tank Battalion.64


 [image: bck_fig_021]


 A Medium Tank M4A3 of the 714th Tank Battalion, 12th Armored Division. with 4.5-inch Rocket Launcher T34.


  While the 4.5-inch HE Rocket M8 was intended as an indirect fire weapon, the larger 7.2-inch HE Rocket T37 was intended as a demolition weapon. The 61-pound (32 kilo) rocket contained 32 pounds (14.5 kilos) of Composition 2 (C2), which was an early plastic explosive. Unfortunately, the rocket was originally designed as a short-range antisubmarine weapon, the Mousetrap, and its motor was only designed to carry it a maximum of 230 yards. Its effective range proved to only be about 75 yards. The T40 Launcher (Standardized in 1945 as the M17) carried twenty rockets in a lightly armored box above the turret of the Medium Tank M4. The rockets were fired electrically as single shots or all twenty could be ripple-fired in ten seconds. The original planning for Operation NEPTUNE, the invasion of France, envisaged mounting the T40/M17 Launchers on the sixteen Medium Tanks M4 in each of the wading tank companies in the tank battalions making the assault (70th, 741st, and 743d Tank Battalions) with the mission of demolishing the German fortifications. Unfortunately, it was discovered that the weight of the launchers—6,700 pounds (3,039 kilos) each—over six tons on the raised firing platforms of the LCT (A) raised the center of gravity of the landing craft so much they were perpetually threatening to capsize, even in calm seas. As a result, they were not used on D-Day and were never used by the ETOUSA.
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 A Medium Tank M4A2 with the 7.2-inch Rocket Launcher T40/M17 at the Detroit Tank Arsenal.


  However, the 7.2-inch Rocket Launcher T40/M17 was tested in Italy and saw some combat there, with the 752d and 760th Tank Battalions. They were ordered by II Corps on 5 August 1944 to turn over four tanks and crews each to the 529th Ordnance Battalion, which fitted them with the T40/M17 launcher. The conversion was completed 9 August and tests were conducted on 12 August with poor results. Sergeant Raymond Holt of the 752d Tank Battalion noted “Aug. 12–Fired new gun but it isn’t any good.” The eight tanks were then attached to various tank battalions and saw limited use in late August and September, but by late October interest in them had waned.65


  Instead, attention turned to a locally designed rocket launcher similar to the T34 produced by the 525th Ordnance Battalion. It mounted eighteen three-tube aircraft-type launchers, M10, M14, or M15, on the frame of the 7.2" Rocket Launcher T17. The eight tanks mounting the T40 launchers were selected for the conversion and were re-issued four each to the 752d and 760th Tank Battalion. While also not well-liked, they were at least well-used, the four with the 752d Tank Battalion alone fired 3,470 rockets between 2 February and 19 April 1945.66


  Engineer Assault Vehicles


  Although American generals such as Eisenhower and Bradley were given demonstrations of the new British Armoured Vehicle Royal Engineer (AVRE) on 27 January 1944, and evidently expressed some interest in it—no American unit in the ETO deployed such a vehicle. The reasons were fairly simple, there was no large excess of British vehicles to meet an American demand, and there were no suitable American vehicles available for a conversion.


  Some consideration was given to producing an American—or at least in this case a Canadian-American—version of the AVRE.67 Some correspondence passed between the War Department and ETOUSA over utilizing the Canadian Ram tank as the basis for an AVRE for American tank units. The Ram tank had the advantage that mechanically it was similar to the M4 Medium Tank and used many of the same components of the M3 and M4 Medium. However, its turret ring was too small to accept a 75mm gun, and so it was limited to mounting a 6-pounder as main armament. As a result, it had been phased out as a battle tank by early 1944 and production had been converted to self-propelled carriages for the British 25-pounder field gun. Two were modified in England in 1943 as trials vehicles for the 79th Armoured Division, and 446 were turned over to the British Army for conversion, but the Churchill AVRE conversion was found to be simpler and roomier. Most of the 446 in Britain were converted to personnel carriers (about one-third of them) and the remainder to artillery OP tanks, gun-towing vehicles, and as armored recovery vehicles.68


  Meanwhile, in February 1943 the AGF approved a study by the Corps of Engineers of different methods of clearing beach obstacles and fortifications in an assault. In August, the Engineers recommended development of an Engineer Armored Vehicle based on the Medium Tank M4A3. The first pilot was constructed at the Corps of Engineers Headquarters at Fort Belvoir, Virginia. It mounted the sole example of the 7.2-inch Rocket Launcher T2, which was a more compact, sturdier, early version of the T40 Launcher. The 75mm gun and mount were removed and replaced by double access doors at the front of the turret. The 75mm ammunition stowage was eliminated to provide space for engineer stores and an access door was cut into the right sponsons, while hand-rails, a read access step, and dozer blade attachment were added. After Engineer testing at Fort Belvoir, it was shipped to the Amphibious Training Base at Fort Pierce, Florida, on 20 March 1944 for field testing. There it was determined the turret front access doors were too vulnerable to enemy fire. A second pilot, using a Medium Tank M4A1, was constructed with the 75mm gun removed, but without removing the gun shield; instead, a simple steel plug was fitted to the shield. A second access door was cut in the left sponson and a T40 Rocket Launcher was substituted for the T2. The Launcher T2 was dropped from consideration as the main armament when tests demonstrated the T40 launcher was more accurate and had the additional advantage it could be jettisoned. The final conversion design utilized a six-man crew, carried 1,000 pounds (454 kilos) of C2 or tetrytol explosives, and towed an additional 2,000 pounds (908 kilos) of explosives and additional engineer stores in an armored trailer. However, when the Engineer Board and School recommended creation of special engineer units to man the new equipment the WPD demurred, despite the example of the British 1st Assault Brigade Royal Engineers, believing it impractical to create new units to man a single weapons system. Although ASF authorized production of 100 conversion kits, only two complete vehicles with instructional crews were ready to deploy by VJ Day.69
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 The pilot Engineer Armored Vehicle as initially completed with the 7.2-inch Rocket Launcher T2.
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 The pilot Demolition Tank T31.


  Although the conversion kits for the Engineer Armored Vehicle were approved in late 1944, the Joint Army-Navy Experimental and Testing Board and the Engineer Board did not consider it a satisfactory long-term solution. The crowded interior, limited crew access, and badly arranged stowage were considered inadequate. On 11 November they requested ASF approve development of an Engineer Armored Vehicle T2.70 ASF passed the request to the Ordnance Committee, which laid out the desired military characteristics in OCM 26173, redesignated it the Demolition Tank T31, and recommended the procurement of four pilots. It would be armed with two 7.2-inch Rocket Launchers T94, each fed by a five-round revolving magazine that would be mounted internally in the turret, along with two .30 caliber machine guns on either side of a dummy 105mm howitzer. The Medium Tank M4A3-based hull with HVS suspension would have a reinforced 1½-inch floor and mount a E12R3 periscope-mounted flame gun and hull machine gun. The first pilot with a prototype soft-steel turret was begun in April and completed in August 1945. When it was tested at Aberdeen Proving Ground just after the end of the war, the rocket launcher failed to operate properly, and the project was canceled 17 January 1946.


  Remanufactured Tanks


  In late 1943, U.S. Army Ordnance began a program of refurbishing some early-production tanks, bringing them up to the standard of new production. Most of these badly worn out “school” vehicles were part of the training establishment of the Armored Force.


  DTA began the remanufacturing program in December 1943, rebuilding Medium Tanks M4A4 urgently needed by the British. By October 1944, DTA completed 1,610 of them, which were quickly shipped as Lend-Lease. Also urgently needed by the British was the Medium Tank M4A2. Grand Blanc Tank Arsenal began refurbishing 218 Medium Tanks M4A2 in April and finished in July. Federal Machine & Welder Company began refurbishing 317 Medium Tanks M4A2 and finished in November. Chrysler’s Evansville, Indiana, plant began refurbishing 446 Medium Tanks M4 in August 1944 and were joined by the Quad Cities Arsenal, which completed 289, and the Chester and Lima Tank Depot, which completed another 60. Chrysler Evansville also completed rebuilding 1,216 Medium Tanks M4A1, while Quad Cities completed 737. The Chester, Lima, and Richmond Tank Depot completed another 306 Medium Tanks M4A1 and also 281 Medium Tanks M4A3. Montreal Locomotive Works rebuilt another 400 Medium Tanks M4A3. The remanufacturing program ended in May 1945 with 5,880 tanks completed.71


  The remanufactured tanks were first completely stripped down and then reassembled with new parts replacing any worn components. Engines and transmissions, radios, and many other components were rebuilt or replaced. Then many, but not always all, of the features found in the more modern production tanks were incorporated. For example, many were fitted with the new commander’s vision cupola, but wet stowage and HVS suspension were not added. About 1,000 of the Medium Tanks M4 and M4A1 rebuilt by Chrysler Evansville incorporated the E9 suspension modification and tracks with extended end connectors on both sides, which reduced ground pressure and improved mobility. All received full applique armor kits, the loader’s hatch, and the front hull gun traveling lock.72


  [image: bck_fig_025]


  Remanufacture of early production Medium Tanks M4 at the Detroit Tank Arsenal.


  
  Table 89. Medium Tank M4-series Remanufactured Production



	Month


	M4


	M4A1


	M4A2


	M4A3


	M4A4


	Total





	December 1943


	0


	0


	0


	0


	91


	91





	January 1944


	0


	0


	0


	0


	300


	300





	February 1944


	0


	0


	0


	0


	311


	311





	March 1944


	0


	0


	0


	0


	200


	200





	April 1944


	0


	0


	20


	0


	158


	178





	May 1944


	0


	0


	31


	0


	104


	135





	June 1944


	0


	0


	130


	0


	104


	234





	July 1944


	0


	0


	198


	0


	121


	319





	August 1944


	5


	59


	74


	19


	167


	324





	September 1944


	95


	175


	43


	109


	49


	471





	October 1944


	152


	159


	28


	156


	5


	500





	November 1944


	156


	312


	11


	67


	0


	546





	December 1944


	82


	383


	0


	40


	0


	505





	January 1945


	127


	413


	0


	120


	0


	660





	February 1945


	93


	409


	0


	125


	0


	627





	March 1945


	66


	171


	0


	42


	0


	279





	April 1945


	19


	107


	0


	3


	0


	129





	May 1945


	0


	71


	0


	0


	0


	71





	Total


	795


	2,259


	535


	681


	1,610


	5,880








  


  A similar program for M5 Light Tanks began in November 1944. Ordnance rebuilt 110 M5 and M5A1 Light Tanks in 1944 and 665 in 1945. Ordnance rebuilt another 220 Light Tanks M3A3 in 1945, bringing them to Light Tank M5 specification.73

    
  Table 90. Light Tank M5, M5A1, and M3A3 Remanufactured Production



	Month


	M5 and M5A1


	M3A3


	Total





	October 1944


	152


	0


	152





	November 1944


	18


	0


	18





	December 1944


	92


	0


	92





	January 1945


	136


	0


	136





	February 1945


	150


	0


	150





	March 1945


	154


	6


	160





	April 1945


	2


	75


	77





	May 1945


	131


	85


	216





	June 1945


	92


	54


	146





	Total


	775


	220


	995







  






  APPENDIX B Lend-Lease



   [The Medium Tank M-3 and M-4] appear to be at present the best compromise between American automobile reliability and British fighting experience.


  —Michael Dewar, head of the British Tank Commission, 10 March 19421




  When the United States began to mobilize its war industry in 1940, the first priority was to provide enough equipment to outfit the rapidly expanding American armed forces. However, a competing requirement was the need to provide aid to beleaguered friends such as Great Britain. Initial shipments were on a “cash and carry” basis under the provisions of the Neutrality Act of 4 November 1939. The Act of 1939 repealed the provisions of the Acts of 1935 and 1937, which had imposed complete embargoes on trade with belligerent nations. The revised Act allowed for the shipment of goods to belligerent nations with the proviso they provide the ships, assume all liability for losses, and—most critically—pay immediately in cash. However, the Act still forbade American-flagged ships and citizens from entering Presidentially designated “war zones.”2 Those provisions remained in force until Congress repealed those sections of the Act and authorized the arming of American-flagged merchant vessels on 17 November 1941.3


  However, the cash and carry provision remained in effect, which by late 1941 was crippling the finances of the British Empire. On 23 November, the British ambassador to the United Sttes, Lord Lothian, announced to an impromptu press conference at La Guardia Airport, “Well boys, Britain’s broke; it’s your money we want.” Churchill followed up in December more privately by writing President Roosevelt, “The moment approaches, when we shall no longer be able to pay cash for shipping and other supplies.”4 Roosevelt’s solution was the Lend-Lease Act, which was intended to provide a “mechanism through which agencies of the U.S. government furnished munitions and other supplies to foreign governments in order to promote the defense of the United States, generally without the payment of cash.” After considerable congressional infighting, the Lend-Lease Act was passed on 11 March 1941. Ultimately, the total value of goods and services furnished by the War Department amounted to about $25.1 billion; a sum that included $3,674,334,000 worth of “combat vehicles” many of which were tanks. All told, the United States shipped 37,323 tanks under Lend-Lease from 1941 to 1945.5


  LEND-LEASE TO BRITAIN


  By far the greatest share of Lend-Lease tank shipments were to the British Empire, 27,751 of them by one count.6 The initial order by the British was for 100 Light Tanks M2A4. The first 32 arrived in Britain in early spring 1941, soon after the Lend-Lease Act was passed. One, cheekily named “AL CAPONE” was photographed, in June 1941, while it was worked on by fitters of the Royal Army Ordnance Corps. Another four went to the British Army in Egypt in July, but all were only used as training vehicles and the rest of the initial order for 100 was filled with Light Tanks M3.7 Thirty-two Light Tanks M3 arrived in Egypt in July 1941 and by the end of October another 275 arrived. They went into combat during Operation CRUSADER in November.8


  [image: bck_fig_026]


  Light Tank M2A4 “Al Capone” in Britain, c. April 1941.


  The light tanks were soon followed by the Medium Tank M3; the first Lee I tanks began leaving the United States in November 1941, but it was early 1942 before they were committed to combat in North Africa in the Gazala Battles of 26 May–21 June 1942. Between November 1941 and July 1942, 966 Medium Tanks M3 Lee and 1,655 M3 Grant were shipped to the British, followed by a final shipment of 235 M3 Lee and 31 M3 Grant in March 1943, for a total of 2,887.9


  
  Table 91. Medium Tank M3 Allocation to the British Empire as of July 1942



	Area


	M3 Lee


	M3 Grant


	Total





	United Kingdom


	119


	97


	216





	Middle East


	75


	657


	732





	India


	517


	379


	896





	Australia


	255


	522


	777





	Total


	966


	1,655


	2,621







  


  The Medium Tank M4 followed in June 1942 and was first committed to battle in October at the Battle of Second Alamein. The first British Medium Tank M4 order was for 400 M4A1 from Lima Locomotive Works, which originally was part of the Grant tank contract. The British contract with Lima included funding a 125,000-square-foot factory expansion, machine tools, and other equipment that were already paid for under the cash and carry provision before Lend-Lease took effect in March 1941, long before Lima produced its first tank. As a result, Ordnance took over the cost of producing the tanks, while the plant costs were repaid as “reverse Lend-Lease.” The first 28 Lima M4A1 were also produced with British registry numbers and the second and sixth Lima M4A1 went to Britain, while another went to Egypt, all in April 1941.10


  The story of the next shipment that included the first Sherman tanks destined to enter combat is illustrative of the Lend-Lease experience. After the disastrous British defeat in the Gazala Battles, its Eighth Army was pushed all the way to the Libyan-Egyptian border near the railroad stop at El Alamein. Winston Churchill desperately appealed to Roosevelt and the Americans for help, asking them to send a large shipment of the new Sherman tanks and 105mm M7 HMC to Egypt. Although the tank was just arriving with American armored units, Roosevelt immediately complied. An emergency shipment of 302 tanks (212 M4A1 and 90 M4A2) and 100 HMC was arranged by stripping the units newly issued them and they were hastily sent to New York, where they were loaded on six ships of Convoy AS-4 (SS Fairport, Empire Oriole, Exhibitor, Hawaiian Shipper, Tarn, and Zaandam), departing on 13 July 1942.11


  Three days later the Fairport was sunk by a German submarine, U-161. Fifty-one of the M4A1 tanks and 32 of the M7 HMC were on Fairport.12 Acting quickly, SS Seatrain Texas was loaded with 52 M4A1 and 25 M7 HMC and left New York on 20 July independently, without escort, catching up with the convoy at Port Said. Fourteen more Sherman tanks and one M7 HMC left later in a separate convoy. By 2 September, 197 Sherman tanks and 28 of the M7 HMC unloaded at Port Said. By 5 September, another 106 Sherman tanks and 65 M7 were unloaded for a grand total of 303 tanks and 93 HMC. Another 14 tanks and 1 HMC arrived sometime later. Including one Sherman tank already in Egypt, by the end of October 318 tanks and 94 HMC were there, and by 10 October the first had arrived at the Royal Army Ordnance Corps workshops in the Nile Delta. They played a key role in the Second Battle of El Alamein.13


  Delivery of the Medium Tank M4 in various variants accelerated through the end of 1942. In September, the British placed an order for 329 M4A4, and by the end of the year over 2,200 had been delivered. The numbers kept increasing through 1943 with nearly 10,000 delivered by the end of the year, 2,300 of them in May alone, which was the peak monthly delivery to the British. However, deliveries slowed in 1944, as the number of American manufacturers producing the Medium Tank M4 declined and the remaining tank arsenals switched over to the production of the “Ultimate Medium Tank M4-series,” which was armed primarily with the 76mm gun and 105mm howitzer that was less desired by the British.14 The British received only 5,492 Medium Tanks M4-series during 1944, instead of the 8,961 ordered, and none at all were received in November and December. Most critically from the British point of view, relatively few of the tanks sent during 1944 were easily converted to the Sherman 17-pdr configuration. Supplies were so limited—from the British point of view—that prior to D-Day 338 Medium Tanks M4-series were ordered transferred from ETOUSA reserve stocks to the British in order to make up the shortfall in deliveries from the United States. After the supply of remanufactured M4 and M4A4 was exhausted, there were simply no more available. The situation became so desperate that in January 1945 it was arranged that 90 newly remanufactured tanks suitable for conversion shipped from the United States would be exchanged for 90 tanks not suitable for conversion held by British 21st Army Group, which were then sent to the American 12th Army Group.15


  The British Army policy of maintaining a large tank reserve is amply demonstrated by a 21st Army Group report dated 21 January 1945.16 Just 58.9 percent of the Sherman tanks on hand were held by units. Another 28.5 percent were on hand in depots or with the Armoured Replacement Group and 11.9 percent were in repair. Only 0.7 percent were in transit from Britain to the Continent. The contrast with the results of the American policy demonstrated in Chapter 21 are obvious.


  
  Table 92. 21st Army Group Sherman Tank Holdings, 21 January 1945

  

	Unit


	Sherman





	I 75mm


	II 75 mm


	III 75mm


	V 75mm


	IIA 76mm


	IC 17-pdr


	VC 17-pdr


	Total





	7 Armd Div


	0


	0


	0


	0


	0


	51


	12


	63





	11 Armd Div


	19


	111


	2


	0


	0


	45


	35


	212





	Gds Armd Div


	2


	0


	0


	185


	0


	30


	27


	244





	4 Cdn Armd Div


	0


	0


	0


	179


	0


	89


	15


	283





	1 Pol Armd Div


	0


	0


	0


	3


	128


	0


	40


	171





	30 Corps Trps


	0


	0


	1


	0


	0


	0


	0


	1





	HQ 79 Armd Div


	0


	0


	0


	3


	0


	0


	0


	3





	2 Cdn Armd Bde


	2


	2


	71


	66


	0


	65


	16


	222





	8 Armd Bde


	5


	0


	154


	0


	0


	70


	29


	258





	29 Armd Bde


	0


	0


	0


	56


	0


	0


	22


	78





	30 Armd Bde


	0


	0


	0


	36


	0


	0


	0


	36





	33 Armd Bde


	83


	51


	0


	11


	0


	60


	20


	225





	Czech Armd Bde


	0


	0


	0


	0


	0


	4


	0


	4





	6 Gds Tk Bde


	0


	0


	0


	5


	0


	0


	0


	5





	34 Tk Bde


	0


	0


	0


	4


	0


	0


	0


	4





	Total Unit Holdings


	111


	164


	228


	548


	128


	414


	216


	1,809





	AOD Stocksa


	34


	17


	69


	133


	53


	206


	108


	620





	In Transit


	0


	0


	0


	24


	0


	0


	0


	24





	Armd Repl Grp


	15


	4


	16


	98


	9


	90


	23


	255





	In C & ABPb


	1


	0


	0


	0


	0


	0


	0


	1





	3d Line Wrksps


	3


	15


	16


	63


	0


	16


	10


	123





	RVP Awaiting Repairc


	4


	4


	11


	25


	0


	4


	10


	58





	Under Repair


	9


	15


	9


	36


	2


	7


	6


	84





	RVP Awaiting Evac


	2


	4


	28


	57


	0


	5


	3


	99





	Total Not With Units


	68


	59


	149


	436


	64


	328


	160


	1,264





	Total


	179


	223


	377


	984


	192


	742


	376


	3,073







   a. Advanced Ordnance Depot.


   b. In Corps and Army Backloading Points.


   c. Returned Vehicle Park.

  


  By late 1944, the shortage of 75mm-armed Sherman tanks in British 21st Army Group became so acute that it
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  LEND-LEASE TO AUSTRALIA
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  LEND-LEASE TO CANADA
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  LEND-LEASE TO THE SOVIET UNION
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  LEND-LEASE TO FRANCE
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  LEND-LEASE TO OTHER COUNTRIES
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