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1.

I. SUMMARY

Under contract OEMsr-390 and at the request of Chemical
Warfare Service, the Standard Oil Development Company undertook
the development and design of the Mechanized Flame Thrower E12-7R1
which was later standardized as the M5-4. Much of the development
work had been completed in the design of the earlier Model Q
prototype, the Navy Mark 1 the E7-7 (M5Al light tank), and the
E7-LVT-Al (amphibious tankj units, but additional improvements
were developed and tested under the M5-4 assignment. Acting as
engineering consultants for Chemical Warfare Service, and with
the guidance and cooperation of Chemical Warfare Service-Technical
Division, Headquarters A.S.F., and the New Developments Division,
the assignment was carried out in close cooperation with the
C.W.S. prime contractor, the M. W. Kellogg Company, and their
subcontractor, the Lecourtenay Company. Initiated in August, 1944,
this assignment also included the inspection and testing of the
first twenty units, which were completed in May, 1945, establish-
ing inspection procedures for large scale production, training of
two U. S. Army instructor teams, issuing operating and maintenance
manuals, and providing a field consultant under O.F.S. in the
theater of operations.

The M5-4 design included the E7R1 flame gun (improved
"Model Q" with interchangeable 1/2" and 3/4" bore nozzles) re-

placing the 75 mm. cannon in M4A1 or M4A3 medium tanks, with
pressure containers in turret and hull providing for 270 gallons
effective capacity of thickened fuel and storage of 2000 p.s.i.g.
propellant air or inert gas. In silhouette the M5-4 appears as
a standard medium tank equipped with a 75 mm. gun and normal
auxiliary armament.

Cessation of hostilities reduced production to a total
of approximately 150 units and precluded combat testing of M5-4
flame thrower tanks, although several units had been shipped to
the Pacific Theater for training and combat operations.

Characteristics of the M5-4 are summarized as follows:

Vehicle M4AI or M4A3 Medium Tank*

Silhouette Unchanged

Flame Gun (E7Rl) Replaces 75 mm. cannon in turret

Nozzles 1/2" or 3/4" bore -

interchangeable

* Restricted to those models providing dry 75 mm. ammunition
stowage.

PDN 4025 C 0 N F I D E N T I A L
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Rate of Fire 2.2 gals./sec. (1/2" nozzle)
4.4 gals./sec. (3/4" nozzle)

Elevation -12* to +250 (double original

75 mm. elevation speed)

Traverse 3600+ (Power or Manual)

Effective Fuel Capacity 270 gals.
Operating Pressure 375-400 p.s.i.§.
Total Firing Time 125 secs. (1/2 nozzle)

63 secs. (3/4" nozzle)

Fuel Propellant Compressed air or nitrogen (11.5

cu.ft. at 2000 p.s.i.g.)

Ignition Gasoline-Electric

Crew 2- Turret
2 - Hull

Typical Range Data* (8% Napalm Thickened Gasoline)

Nil Wind 100 Elevation 20° Elevation

1/2" nozzle 95 yards 105 yards
3/4" nozzle 105 yards 125 yards

10 MPH Tail Wind
1/2" nozzle 110 yards 125 yards
3/41k nozzle 125 yards 150 yards

*Measured from flame gun to center of ground deposit.

PDN 4025 CO0N FI DE NT I AL

   
   

   
 D

EM
O

 
 di
m

en
sio

ne
 ri

do
tta



IIL

~LL

z z
.- i

I C414

U-

'Zz
7.,47

   
   

   
 D

EM
O

 
 di
m

en
sio

ne
 ri

do
tta



CONFIDENTIAL
4.

II. INTRODUCTION

Prior to 1944, application of flame throwers in combat
by the U. S. Armed Forces was generally confined to the use of
short-range, low-capacity portable units employed directly by
ground troops or by improvised installation in available armored
vehicles.

Following experimental and development work on large
capacity, long-range flame throwers carried out under Contract
OEMsr-390 in 1942, the Standard Oil Development Company by early
1943 had completed and demonstrated* to the military the 'Model
(E7) flame gun designed for use with thickened fuels in mechanized
vehicular installations. The first production model of this gun
was completed in July, installed in an M5A1 light tank, and demon-
strated in November, 1943. Three additional M5A1 installations
were completed by late 1944 and successfully combat tested in
Luzon, Philippine Islands in April, 1945"*. Further work on this
installation was abandoned because of obsolescence of the vehicle.

In early 1944, thirty-one large flame thrower units,
designated U.S.N. Mark 1, were built for the U. S. Navy using
this basic design***. These flame throwers were equipped with
the "Model Q" guns and designed for use in small landing boats.
The units were successfully employed in amphibious tanks inland
combat on Peleliu Island (September-October, 1944).

Experience gained with the above units and combat
operations with improvised flame throwers built and operated
in the Pacific emphasized the important need for long-range,
large capacity, heavily armored vehicular flame throwers in both
mop-up and offensive operations. Use of the British "Crocodile"
in the European Theater also proved the value of the large
mechanized flame thrower in combat.

* PDN 1158, "Mobile Flame Thrower Model Q," April 6, 1943
** PDN 3925, "Development and Field Use of E7- 7 Mechanized

Flame Thrower Installed in M5A1 Light Tank,' September 12, 1945
** PDN 2290, "Demonstration of U. S. Navy Mark 1 Flame Thrower,"

March 24, 1944.

PDN 4025
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Hence, in August, 1944, the Army Ground Forces and
C.W.S. requested construction of twenty medium tank flame
throwers to be used for service and combat testing as a basis
for extended production. This limited procurement comprised the
M5-4 (E12-7RI) mechanized flame thrower installed in M4AI medium
tanks*. Successful service testing (March, 1945) of the first
completed unit by the military in this country led to an extended
order** for 600 M5-4 installations in M4A1 or M4A3 medium tanks,
curtailed to approximately 150 units for training purposes
following V-J Day. Cessation of hostilities precluded combat
testing in either the European or Pacific Theaters.

Under Contract OEMsr-390, the Standard Oil Development
Company acted as engineering consultants for the Chemical War-
fare Service in the design and development of the M5-4 mechanized
flame thrower through limited and extended procurement. The
assignment was carried out over the period August, 1944 -

October, 1945, with the guidance and cooperation of Chemical
Warfare Service-Technical Division, Headquarters A.S.F., and
the New Developments Division. Extended in close cooperation
with the C.W.S. prime contractor, the M. W. Kellogg Company,

and their subcontractor, the Lecourtenay Company, the assignment
included design and development, the inspection and testing of
the first twenty units, establishing inspection and test pro-
cedures for large scale production, training of two U. S. Army
instructor teams, issuing operating and maintenance manuals***,
and providing a field consultant under O.F.S. in the theater
of operations.

The M5-4 medium tank flame thrower system included
an E7R1 (improved Model Q) flame gun replacing the 75 mm. turret
cannon, with pressure vessels in hull and turret basket sufficient
to fire 270 gallons of fuel with the necessary 2000 p.s.i.g.
compressed air, nitrogen, or inert gas propellant. Externally,
the M5-4 flame thrower is identical in appearance with a standard
M4A1 or M4A3 medium tank equipped with a 75 mm. gun.

* PDN 2936, "Flame Thrower, Mechanized, E12-7R1,"
September 28, 1944.

** PDN 3265, "Mechanized Flame Throwers-E12-7RI, Servicing
Units-E8, Suggested Responsibilities for Extended Orders,
January 11, 1945.

* PDN 3450, Flame Thrower, Mechanized, E12-7R1, April 16,
1945. Assistance rendered C.W.S. in preparation of War
Department TM 3-360, "Flame Thrower, Mechanized,
E12-7R1," July 20, 1945.

PDN 4025
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6. CONFIDENTIAL

FUEL eROD"

DUMMY 75 M.M. IGNITION CHAMBER
TUBE / 'INTOCHME

B 1/ SPARK GA-P (DUAL)

ATOMIZER -

NOZZLE SPARK PLUG (DUAL)
! I COIL BOX

S/(DUAL

GASOLINE 7 PS.I.L

(,,REPLACEABLE NOZZLES

AIR 75 P.S.I. (7 AND / BORE PROVIDED)

E7RI

AIR AIR SEC.FUEL FLAME GUN

12 VOLT
VEHICLE STORAGE

BATTERY

i'i!' :A IR

-Ji

ATOMIZER FUEL SECONDARY FUEL 0
7 AS.I.. 520-540 PS.I. "

2GALLONS 2000 12 GALLONS Z 2000
IN BASKET Psi. IN BASKET 41 <

AIR AIR

AUXILIARY AIR - ---- MAIN PROPELLANT AIR
I CYLINDER - 6 CYLINDERS IN

IN BASKET - - HULL AND SPONSONS
2.6 CU.FT. - 10 Cu. FT.

MAIN FUEL 400RS.I.
275 GALLONS EFFECTIVE

2 VESSELS IN HULL (HORIZONTAL, BAFFLED)
I VESSEL IN BASKET (VERTICAL)

(SERIES FLOW)

NOTES:-
(I) PRESSURE TO FUEL VESSELS AND ATOMIZER NOZZLE CONTROLLED.AUTOMATICALLY BY AIR REGULATORS.

(2) IGNITION CONTROLLED BY FLAME GUNNER'S LEFT FOOT PEDAL.

(3) FUEL FIRING INCLUDING SECONDARY FUEL CONTROLLED BY FLAME GUNNERIS RIGHT FOOT BUTTON (ELEC.).

(4) FLAME GUN ACTUATED BY AIR FROM AUXILIARY AIR CYLINDER IN BASKET.

FIG. 3 SIMPLIFIED FLOW PLAN M5-4 FLAME THROWER SYSTEM
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CUPOLA(SORENDUM 75 .. TB

C MAIN FE

S~ SIDE ,ELEVATION
(A = 2000 RS.I. AIR FOR FLAME GUN AUXILIARIES IN BASKET
N (B =SEONDARY FUELAFO FLAME GUN

(O = ATOMIZER GASOLINE FOR IGNITER

(D = 2000 RS.I. AIR CYLINDERS IN HULL OR SPONSONS

BATTERY BOX COp CYLINDERS (4 TOT.)

00 2000 PS.I. AIR (LEFT SPONSON)

i o. •--'- - .. .. BASKET

IN MAIN FUEL \
! 400 P.I. \I

i, ! DRIVE SHAFT i 'z
I 0

MAIN MAIN FUEL EA-

BASKET 400 RS.I.

(3 2000 PS.. AIR (RIGHT SPONSON)

REAR ELEVATION PLAN VIEW

ATOMIZER (IGNITION)
JX. AIRGASOLINE 5 P.S.I.

OA520"RT E 30 CAL.
MAIN FUEL , .P.A VE OAXIAL

G400 RS.I. ST MLAH. GOUN

MPERIAL ROTARY OvFUEL JOINT O UM 5MM

p -. ELEG. COLLECTOR TUMMB7EMM
t \ ~RING TB

CMADR:GUNNERý CONFIDENTIAL
COMMADER •T URRET

S...... 'PLAN VIE W

,!FIG. 4. SCHEMATIC LAYOUT
'iii'M5-4 FLAME THROWER IN M4AI OR M4A3 TANK
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IV. DESCRIPTION

The M5-4 flame thrower unit consists of an E7RI flame
gun (improved Model Q) installed in an armored dummy tube re-
placing the 75 mm. gun in the turret, and the E12 fuel and pressure
unit mounted in the hull and turret basket of an M4A1 or M4A3
medium tank as shown in Figure 4. Flame thrower fuel is ejected
by compressed air, inert gas, or nitrogen. A simplified flow
plan of the flame thrower system, Figure 3, is detailed in
Appendix Figure B.

A. Modifications to M4A1 or M4A3 Medium Tank

1. Gun

The 75 mm. cannon, gun mount, and counterweight were
replaced by the E7Rl flame gun, dummy gun tube, and special
rotor mount and counterweight. The gyro stabilizer was eliminated.
The standard turret shield (for M34A1 gun mount) and accommodations
for mounting the coaxial .30 cal. machine gun and telescope were
retained.

2. Turret

A special basket, shortened 7 inches to accommodate
the flame thrower system in the hull, was installed to support
four pressure vessels and other essential flame thrower equipment
and personnel in the turret. The turret gun loader was eliminated,
but original space for turret gunner and tank commander in the
right basket area was retained. Turret stowage and wiring were
altered to accommodate the flame thrower system. The gun eleva-
tion handwheel was provided with a special-gear adapter to double
elevating speed. A special periscope link, spring, and peepsight
were installed on the gunner's periscope to facilitate sighting
and aiming the flame gun. External charging connections for
main fuel and auxiliary fuel and air were installed under the
left turret roof periscope plate and cover.

Each turret was equipped with a standard vision cupola
for improved vision and an AN-VRC-3 radio for communication with
ground troops.

3. Hull

Stowage and wiring were rearranged in the hull to
accommodate the flame thrower system. Only vehicles originally
equipped for dry stowage of 75 mm. ammunition were employed.
Batteries were moved from the hull floor to a special box in the
left sponson. Remaining hull stowage under the basket was re-
moved. Floor mounted main generators were relocated over the
forward drive shaft, and voltage regulators shifted to the left

PDN 4025
C 0 N F I D E N T I A L
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15.

sponson as necessary. The C02 fire extinguisher cylinders were
moved to the left sponsori and extra cylinders and discharge horns
provided for either engine or fighting compartment fires. Right
sponson stowage was reduced and rearranged to accommodate a
large propellant air cylinder. An external overflow and vent
pipe from the main flame thrower fuel system was installed
through the right hull roof adjacent to the rear ventilator.
Pressure relief valve discharge tubes and main fuel safety relief
vent were piped respectively through the right sponson and hull
floors. The external rear hull blanket rack was relocated in
a higher position. A ground stake and cable for static electric
discharge during servicing operations was installed on the left
rear of the vehicle. An external interphone (RC-298) was in-
stalled on the right rear hull for direct infantry communication.

B. Flame Gun and Controls*

The E7R1 flame gun is remote-controlled, equipped with
a fast-acting internal valve whiich is opened by air pressure and
closed by spring action (Figure 5 and Appendix Figure B). The
gun is designed primarily for use with thickened fuels, although
liquid fuels can be employed. An internal perforated cylinder
feeds a coating of secondary fuel (unthickened, motor gasoline)
around the main fuel prior to ejection of the fuel rod from the
gun nozzle, improving ignition and range of thickened fuels
fired under adverse wind and cold weather conditions. Both
1/2" and 3/4" bore extended, interchangeable gun nozzles are
provided to permit variation in flame thrower range, firing
time., and firepower.

The flame gun is fired by depression of a right foot
button switch in front of the turret gunner, which actuates a
solenoid-operated air valve opening the internal fuel valve in
the weapon. Secondary fuel is simultaneously released around
the main fuel flowing through the gun. An emergency foot pedal
can also be used to actuate the gun in case of solenoid or local
electrical failure. The standard elevation handwheel with
special gear adapter permits elevation or depression of the
flame gun at twice the normal elevation speed of the medium tank
main armament. Traverse of the flame gun is accomplished through
the normal power or emergency manual hand traverse control in
front of the gunner, the flame gun traversing 3600 with the
turret.

C. Main Fuel System

Main fuel for the flame gun is carried in three pres-
sure vessels connected in series as shown in Figure 6. Two

* For operation, see War Department Technical Manual TM3-360o,
July 20, 1945, "Flame Thrower, Mechanized, E12-7R1."

PDN 4025
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