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Historiography and Acknowledgments
The following avoids repeating much of the well

known stories of the Liberty aircraft engine and the
controversies surrounding American aviation in the
First World War. It also avoids offering a definition of
strategic bombing, save to suggest that economic war-
fare may be properly considered to be an element of
that definition. The following adheres to the long
established understanding that many of the aircraft
engines successfully used during that war were
derived from an engine designed before the war by
Ferdinand Porsche. There is no attempt to revise the
present understanding that strategic bombing opera-
tions had no significant effect upon the military
course of that war, although the following does con-
tain much to support the present understanding that
those operations were the clear and proximate prelude
to the strategic bombing operations of the Second
World War. 

The following is a synthesis of American and
European primary and secondary source historical
material that includes monographs, government docu-
ments, articles from scholarly journals and other peri-
odical literature as well as essays and other material
available on the website of the Aircraft Engine
Historical Society. It may in part be read as a history
of technology that is supplementary to the account of
aircraft engines presented in John H. Morrow, Jr.’s
The Great War in the Air from 1909 to 1921 (1993)
and in this regard it also takes advantage of some of
the scholarship on this subject that has been published
in this country and in Europe in the last twenty-five
years. The extraordinary gift to the entire world made
by some of the major libraries of this country, the
Google company and the HathiTrust Digital Library
as presented on the latter’s website is to the following
a sine qua non.

This is not a technical study, the common under-
standing of how an internal combustion engine works
being sufficient to understand the descriptions of
engine design and performance presented and in this
regard the following is focused on the engine cylin-
der, the definitive heart of every internal combustion
engine. In regards the descriptions of strategic bomb-
ing, focused as per American practice on daylight
operations, the numbers presented are a simple arith-
metic of weight, speed, time and distance. It is that

arithmetic however which makes the following a revi-
sion of the thesis of Irving B. Holley, Jr.’s Ideas and
Weapons (1953) that the American military aviation
effort in the First World War failed due to a lack of
airpower doctrine, a revision the need for which is
pointed to in the second volume of Mauer Mauer’s
edition of The U.S. Air Service in World War I (1978.) 

The continuing efforts to understand the world
wars as a single historical event and to study them
“from the middle” perspective of technology and
engineering1 are appropriate and admirable and thus
the following is also intended to serve as a study of
the American origins of the Second World War in
Europe. 

I am grateful to Mr. Kimble D. McCutcheon,
president of the Aircraft Engine Historical Society, for
his help and encouragement.

Introduction
One important aspect of the strategic bombing

operations conducted during the First World War was
the development and production of the aircraft
engines used to power the bomber aircraft deployed
in those operations. Engine design and performance
directly determined the bombload and tactical radius
and thus the strategic bombing capability of the
respective bombers. Engine design and manufacturing
process also determined what became in the last year
of the war the critically important capability of mass
producing a serviceable, high-power aircraft engine,
the high rate of loss of men and machines in long
range bombing operations, as well as the day
bomber’s limited bombload, requiring the deployment
of large numbers of aircraft and engines if strategic
bombing operations were to have significant effect.
The most important realization of this latter capability
was the Ford Motor Company’s employment of a
process to manufacture the cylinder of the Liberty air-
craft engine.

While its effect upon the military events of the
war was minimal, the Liberty was a successful inter-
national transfer of technology to this country that
was an important part of our assumption of world
leadership during the First World War, a leadership
that we did not relinquish in the decade after the war.
The technology of the Liberty cannot be separated
from its geoeconomics and this fact makes that engine
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a focal point in the history of the 20th Century.
Initially conceived and soon directed as a weapon of
strategic bombing against Germany, the Liberty was
turned during the war by the adept management of the
Wilson Administration into an instrument of
America’s international economic expansion, a policy
that during and after the war posited the post-war
growth and prosperity of Germany. It was entirely
appropriate that that engine and the famous war bonds
that were used to finance it bore the same name, those
bonds being the forecast of the flood of American
finance and investment that entered Germany after the
war. The bonds accompanied the bombs and the rela-
tion between the two was more than one of simple
coincidence. Amidst the domestic and international
propaganda of the war, this technological, military
and geoeconomic significance of the Liberty engine
was sometimes denied or ignored and this misunder-
standing, reiterated by some British and American
historians to the present day, constitutes a not
insignificant distortion of the history of the United
States.

Directly financed, supplied and guided by leading
military, industrial and political interests and authori-
ties of the major belligerent nations, the development
and production of the respective wartime aircraft
engines were an important means by which each
country succeeded or failed to bring its economic and
technological power to bear upon the course of the
First World War, a war characterized by military fail-
ure and by economic and technological success.
Every American is schooled from childhood in the
fact that it is economic power as much as military
prowess that wins the wars and throughout our histo-
ry war for us has always been the continuation of
business by other means. Our participation in the First
World War was no exception, it being concerned with
a number of important matters besides the military.

Notes
1 John Keegan, The First World War (New York: Alfred A.

Knopf, 1999), 359, 406; Niall Ferguson, The War of the World
Twentieth Century Conflict and the Descent of the West (New
York: The Penguin Press, 2006); Paul Kennedy, Engineers of
Victory The Problem Solvers Who Turned the Tide in the Second
World War (New York: Random House, 2013); Heinrich August
Winkler, “Die Kontinuität der Kriegspartei,” Frankfurter
Allgemeine Zeitung, Aug. 25, 2014, www.faz.net.
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Table I:  Comparative Aircraft Engines

Austro-Daimler Rolls-Royce Liberty Daimler-Mercedes Renault
120 Eagle Mk VIII 12A D IVa 12Fe

Configuration 6 cyl in-line 12 cyl 60° V 12 cyl 45° V 6 cyl in-line 12 cyl 50° V
Normal Rating (bhp @ rpm) 120 @ 1,200 360 @ 1,800 400 @ 1,650 260 @ 1,400 315 @ 1,550
Compression Ratio ~ 5.3:1 5.3:1 4.9:1 5.0:1
Bore x Stroke (inches) 5.1 x 6.9 4.5 x 6.5 5.0 x 7.0 6.3 x 7.1 4.9 x 5.9
Bore x Stroke, (mm) 130 x 175 114 x 165 127 x 178 160 x 180 125 x 150
Displacement (in³) 850 1,241 1,649 1,326 1,347
Weight, direct drive, dry (lb) 419 836 844 936 794
Length, Width, Height (inches) ~ 63¼, 32, 39 67½, 27, 41½ 77½, - , 46 81, 44¼, 54
SpecificFuel Consumption (lb/bhp/hr) ~ 0.50 0.51 0.54 0.52

All engines listed are separate-cylinder, liquid-cooled.
Sources:
Angle, ed., Airplane Engine Encyclopedia, 305-312, 343-345, 416-418, 429-434; Ludvigsen, Ferdinand Porsche, 243;
Smith, Aircraft Piston Engines, 53-54. Renault: Angle, ed. Aerosphere 1939, 644-645.

Table II: Aircraft Engine Production, 1914-1918
1914 1915 1916 1917 1918 Total

France 2,335 8,090 17,683 22,015 44,033 94,156
Germany 848 5,037 7,822 11,200 16,412 41,319
Britain 100 1,721 5,363 11,763 22,088 41,035
United States 20 59 134 9,431 34,109 44,053

Sources:
France: Chadeau, De Blériot à Dassault, 435; Christienne and Lissargue, History of French Military Aviation, 148, 157.
Germany: [Aug. - Dec., 1914] Morrow, German Air Power in World War I, 209; Gilles, Flugmotoren, 185;
http://www.theaerodrome.com/forum/showthread.php?t=44622. 
Britain: History of Ministry of Munitions, 12: 174. Additional total procurement of foreign- built engines = 16,897.
United States: House War Expenditures Hearings – Aviation, 1919, 497, 503-504; History of Ministry of Munitions, 12:
174; NARA, RG 120, M990/4/1230, A XVII 53, July 11, 1918, No. 1696-R, AGWAR – GHQ AEF. U. S. shipments to U.
S. Army. U. S. Navy wartime 1917-1918 aero-engine procurement was through U. S. Army. 1917 includes estimated pro-
duction of 7,000 Curtiss Aeroplane and Motor Co./Willys-Overland/Willys-Morrow aircraft engines exported to Britain
and Canada 1915-1918 not included in U.S. Army figures. 
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Map: British Independent Force Squadron No. 55 DH-4 Day Bombing Raids, Germany, January to June, 1918.

Source:
NARA, RG 120, M990/10/1074, B VII 87, Statistical Analysis of Aerial Bombardments, Report No. 110, Statistics Branch – General
Staff, War Department, Nov. 7, 1918, 16.



Abbreviations
AEF American Expeditionary Force
AEG Allgemeine Elektrizität Gesellschaft
AEHS Aircraft Engine Historical Society
AFHRA U.S. Air Force Historical Research Agency
AG Aktien Gesellschaft
AGWAR Adjutant General, War Department
bmep brake mean effective pressure
BMW Bayerischen Motoren Werke
in³ cubic inch
CSO Chief Signal Officer 
Delco Dayton Engineering Laboratories Co., Inc.
DH de Havilland
DZL Deutsche Zeitschrift für Luftschifffahrt
F Franc
faz Frankfürter Allgemeine Zeitung
FIAT Fabbrica Italiana Automobili Torino
FMCA-OHS, BFRC Ford Motor Company

Oral History Section, Benson Ford
Research Center

FRUS Foreign Relations of the United States
GHQ General Headquarters
GmbH Gesellschaft mit beschränkter Haftung
hp horsepower
IF Independent Force
JHB Journal of Historical Biography
JSAE Journal of the Society of Automotive

Engineers
L liter
lb pound(s)
LoC Library of Congress
M.A. Military Attaché
mm millimeter
NACA National Advisory Committee on

Aeronautics
NARA National Archives and Records

Administration
NASM National Aeronautics and Space Museum
oclc Online Computer Library Center
R radial
RAF Royal Air Force
RFC Royal Flying Corps
RG Record Group
RHA Revue Historique des Armées
RNAS Royal Naval Air Service
rpm revolutions per minute
SAE Society of Automotive Engineers

SOS Service of Supply
ufv University of Fraser Valley, Canada
USSBS U.S. Strategic Bombing Survey
ZFM Zeitschrift für Flugtechnik und

Motorluftschiffbau
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Part I: Aircraft Engines

1. Austria and Germany
Like so much else of the 20th Century, the origin

of these engines may be traced to developments
begun in the last years of the Austro-Hungarian
empire and fin-de-siècle Vienna. In 1910, Ferdinand
Porsche began designing and building airplane
engines for the Österreichische Daimler-Motoren-
Aktien-Gesellschaft (Austro-Daimler), the automotive
manufacturing firm located approximately forty miles
south of Vienna at Wiener-Neustadt in Austria and
since 1906 independent of the Daimler Motorenwerke
of Stuttgart in Germany. In 1911, Porsche built the
engine from which were derived nearly all airplane
engines successfully employed for the purpose of
long-range, strategic bombing during the First World
War. 

Porsche’s Austro-Daimler 120 horsepower aero-
engine featured a water-cooled, vertical in-line, six
cylinder configuration, a configuration that was char-
acteristic of most of the aero-engines produced in
Austria and Germany during the First World War.
Porsche’s engine had a speed of 1,200 revolutions per
minute. The bore and stroke dimensions of its cast
iron cylinders were 5.12 x 6.89 inches (130 x 175
millimeters.) These cylinders were screwed and bolt-
ed onto an aluminum crankcase which housed a six-
throw, eight-bearing crankshaft. The pistons were
thin-wall cast iron. Each cylinder included two spark
plugs controlled by a hybrid magneto-coil ignition
system. The camshaft using push rods to operate the
overhead valve gear was located on one side of the
engine within the crankcase. The cylinders were
encased by sheet-metal water jackets.1

The cylinder head of the Porsche design included
valve ports cast integrally on each side of the head
and the single inlet and exhaust valves each had a
diameter of 65 mm. The valves’ large diameter
improved the cylinder’s intake distribution of the
fuel-air mixture as well as the cylinder cooling. The
design of a 130 mm diameter cylinder with two 65
mm diameter valves required that the cylinder head
be dome shaped and that the valves each be inclined
approximately 30° outward from the cylinder’s verti-
cal center line. Enclosed within the domed head was

the critical feature of the Porsche cylinder, a spherical
combustion chamber, a feature similar to that used in
the cylinder design developed in that same year in
France by Robert Esnault-Pelterie (REP) for his air-
cooled aero-engines.2 Another aero-engine of 1910
featuring a spherical combustion chamber was that
produced for one of the Parseval airships by the Neue
Automobil-Gesellschaft, AG (NAG) of Berlin. Unlike
the Porsche cylinder with its integral head and barrel,
the NAG’s cylinders were made up of machined steel
barrels onto which threaded, cast-iron heads were
screwed and clamped. Porsche and Austro-Daimler
were also at that time producing aero-engines for the
Parseval airships.3

Porsche had previously used a spherical combus-
tion chamber in his construction of automobile
engines4 and while it facilitated the use of large diam-
eter valves and also subsequently the use of an over-
head camshaft, the spherical shape itself was recog-
nized in Germany in the pre-war years and later as the
optimal combustion space.5 By providing the geome-
try required for the most efficient and complete com-
bustion of the fuel-air mixture, the spherical combus-
tion chamber would prove fundamental to many of
the future improvements of aero-engine technology.
In the United States during the years following the
First World War, it would be a decisive design feature
in the development of the high-power, air-cooled,
radial aero-engines that equipped our long range
bomber and heavy transport aircraft.6

The Porsche cylinder’s relatively long cylinder
stroke dimension and its relatively low engine speed,
though sacrificing something of the engine’s output
horsepower, maintained the brake mean effective
pressure (bmep) within the engine’s cylinders and
thus also improved cooling as well as fuel efficiency.
These features of the Porsche cylinder design were
the basis for what at that time were reliable aero-
engines capable of powering relatively long distance
flight.7 One pre-war customer for the Austro-Daimler
was the U. S. Army Signal Corps Aviation Section.8

Porsche’s first aero-engines had featured copper
water jackets electrolitically deposited onto the cylin-
der. This was a feature similar to that of the some of
the first successful French aero-engines of the pre-war
era, the Antoinette and the Clerget-Blin.9 It was a
slow and expensive manufacturing process and would
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have hindered these engines from being put into any
sort of large-scale production. This and other consid-
erations, including a prominent German banker’s
characterization of Porsche as some mysterious crea-
ture in a veiled cage who might occasionally emit a
page of design work, may have been instances of dis-
agreement between Porsche and one of the owners of
Austro-Daimler, the Viennese financier and industrial-
ist Camillo Castiglioni. While an active and important
patron of aviation and the fine arts, Castiglioni was
also an entrepreneur who insisted on a business
turnover derived from production. By the beginning
of the First World War, he would acquire a near
monopoly position in the Austro-Hungarian aviation
industry.10 With the war’s increased demand, Porsche
and Austro-Daimler would subsequently make
changes to the Porsche engine that facilitated series
production but the total Austro-Hungarian wartime
output would nevertheless be just 4,426 aero-
engines.11

During the war, Porsche and Austro-Daimler
developed this design into a 200 hp engine. The pis-
tons were aluminum, a feature that reduced engine
weight and, with aluminum’s better heat conductivity,
improved cylinder cooling. The domed head enclosed
a hemispherical combustion chamber.12 In 1915,
Austro-Daimler developed a 380 hp V-12 version of
this engine which, though it featured an aluminum
crankcase and aluminum pistons, weighed approxi-
mately 1,100 pounds.13 In the following year, the
Austro-Hungarian navy placed a large production
order for the 380 hp Austro-Daimler at the Rapp
Motorenwerke in Munich, an order negotiated by
Camillo Castiglioni and placed in part due to lack of
production capacity in Austria-Hungary.14

The German government’s decision in 1917, con-
sequent of the United States’ entry into the war, to
intervene at Rapp15 led directly to Rapp’s reorganiza-
tion as the Bayerischen Motorenwerke GmbH
(BMW,) a company of Austro-German ownership.
Before completion of testing of a first prototype, an
order was placed by the German government with the
new firm for the production of several hundred new
engines. Instead of the 380 hp Austro-Daimler, the
BMW production in 1918 would be devoted primarily
to the BMW IIIa, a 185 hp aero-engine, the cylinder
design of which was derived directly from the

Porsche engine as well as from similar engines then
in production at the Daimler Motorenwerke in
Stuttgart.16 The BMW IIIa, the work of former
Daimler engineer Max Friz, featured a system of
three carburetors that permitted the use, with reduced
throttle at take-off, of a high, 6.7:1 compression ratio
in cylinders with the large dimensions of 5.9 x 7.1
inches (150 x 180 mm.) This “over-compressed, over-
dimensioned” design was distinct from the Austro-
Daimler design of Ferdinand Porsche and it also
improved aircraft rate of climb and air speed at alti-
tude. It was a principle that in post-war patent adjudi-
cation would be basically attributed to Hugo Junkers. 

Using forged aluminum pistons, Max Friz was
able to build his engine of larger dimensions17 with a
weight less than that of similar German aero-engines
and it was the combination of these features that
made the BMW IIIa particularly suitable for fighter
aircraft. It would equip the Fokker D VIIF fighters
that fought the Allied strategic bombing campaign
conducted against industrial and transportation targets
in western Germany in that last year of the First
World War.18 In January, 1918, a large, licensed pro-
duction order for the BMW IIIa was placed at Adam-
Opel, AG, Germany’s largest automaker located at
Rüsselsheim, a few miles east of Mainz (Mayence)
near the confluence of the Main and Rhine rivers, a
firm that would be acquired in 1929 by the General
Motors Corporation. Opel had earlier been engaged in
aero-engine production and was thus able to begin
delivery of the BMW IIIa in June 1918. BMW’s gen-
eral manager, the Austrian engineer Franz-Josef Popp,
would later recall in regards this production, produc-
tion undeterred by Allied strategic bombing opera-
tions, that “Opel had actually in four months in a
grand manner and with great success organized the
serial production of the BMW IIIa engine. Had the
war lasted another year, Opel by then would have
become the largest German aero-engine factory.”19

The Daimler Motorenwerke of Stuttgart, located
approximately 50 miles east of the Rhine River in
southwest Germany, produced aero-engines for
German, Austrian and French airships in the late 19th

and early 20th Centuries. These heavy, large-dimen-
sion engines, like the airship engines of other pre-war
manufacturers, had relatively poor output power to
weight ratios and were unsuitable for the contempo-
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rary airplanes. In 1909, Daimler began development
of airplane engines and by the following year had
produced a 50 hp, water-cooled, four cylinder aero-
engine, its cast-iron cylinders cast in pairs. The sin-
gle, vertical inlet and exhaust valves were arranged
fore-and-aft on the cylinder head.20 By 1912, howev-
er, the year after Porsche had built his 120 hp Austro-
Daimler, the Daimler Motorenwerke had developed
the DF 80, an 85 hp engine that featured forged steel
cylinders according to the Porsche design and an
overhead camshaft. It was noted at that time that,
given the high failure rate of cast-iron cylinders, the
serial production of forged steel cylinders could prove
to be relatively economic. Also by 1912, Daimler-
Mercedes had developed a similar, slightly larger 120
hp engine using the Porsche-type cylinder and
described as being produced “not to attain greater
speed but to power aircraft with increased useful load
and extended radius of action.”21 By the beginning of
the First World War, Daimler would hold a dominant
position in the German aero-engine industry, particu-
larly in regards the equipment of German army air-
craft, a position similar to that held in pre-war France
by Gnôme with its air-cooled, rotary engines and one
which, unlike Gnôme, Daimler would maintain
throughout the war.22 Daimler-Mercedes’ two princi-
pal, wartime aero-engines were the D III and D IVa.

With production started by the beginning of the
war, the 160 hp D III accounted for approximately
12,000 of the 19,876 total Daimler-Mercedes aero-
engine output of 1914-1918. The maximum diameter
of the Porsche-type cylinder head was slightly
enlarged, or “bumped,” beyond the outside diameter
of the barrel thereby permitting the use of larger
diameter valves. Unlike the earlier Porsche design,
however, the D III’s forged steel cylinder featured
screwed-on and welded valve ports as well as an
overhead camshaft. Unlike the BMW IIIa, the D III
featured a standard dual carburetor system, a low
compression ratio of approximately 4.5:1 and moder-
ate cylinder dimensions of 5.52 x 6.30 inches (140 x
160 mm.)

Each cylinder included two spark plugs posi-
tioned horizontally on opposite sides of the cylinder
just above the piston’s top dead center position. This
was the spark plug arrangement adopted in the cylin-
ders of U. S. air-cooled radial aero-engines beginning

in the mid-1920s and it was an arrangement that best
utilized the spherical combustion chamber for the
most efficient and complete combustion of the fuel-
air mixture.

With a slightly increased compression ratio and
an output of 180 hp at 1,500 rpm, the Daimler-
Mercedes D IIIa also equipped many of the German
fighter aircraft of the First World War, including the
Fokker D VII. As in the BMW IIIa, its overhead
camshaft, could be shifted to provide a low compres-
sion setting for starting.23 Its continued production
however may have been an example of the problem
inherent in many wartime mass production efforts —
the conflict between the need to standardize and the
continuing need for development progress. As the war
progressed, the German army complained repeatedly
that Daimler’s aero-engine patent rights and the fail-
ure of Daimler and other aero-engine manufacturers
to meet production goals were proving to be bottle-
necks in the expansion of the German air forces. It
was agreed that this production failure could not be
attributed to an inadequate supply of machine tools.
Daimler’s main plant at Stuttgart-Untertürkheim by
1915 had a floor-space of nearly 3 million square
feet, half of which was covered. It had its own
foundry that included nine ovens for smelting alu-
minum. It produced much of its own tools and tool-
ing, including precision measuring instruments accu-
rate to within 0.001 mm. As at the Ford Motor
Company’s main plant at Highland Park near Detroit
in 1915, the thousands of machine tools at the
Untertürkheim factory were driven by overhead belts.
Unlike Ford, however, where steam power was
employed, the Daimler machine tool drive belts were
powered by electric motors. Like Ford, Daimler con-
tinued its automotive production for the army during
the war and would profit substantially from its war
work. By 1917, Daimler would realize a net annual
profit of 6.6 million M on a nominal capitalization of
8 million M, declaring a 25% dividend with its shares
selling at 6.3 times their par value. Yet, despite all
this, on at least three occasions in 1918, the German
monthly production of airplanes would exceed that of
aero-engines. The total German wartime production
would be less than half the total French production of
approximately 94,000 aero-engines.24

This failure of the German war economy has
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been attributed to a number of factors besides
Daimler’s refusal to agree to the licensed production
of its engines and the issue of Daimler’s patent
rights.25 One possible reason may have been the con-
tinued European emphasis on specialized workman-
ship in industrial manufacturing. As noted in early
1918 by American automotive engineer Henry M.
Crane, whose Simplex Automobile Company had a
pre-war agreement with Daimler-Mercedes, “an
engine may have been developed in a factory in
which certain machine tools were available and may
even have been built depending on certain foremen
who knew how to do their work extremely well. The
Mercedes engine is an example of this.”26 It would be
manufacturing process, not design patents or manu-
facturing licenses, that would prove to be the princi-
pal barrier to, or defense against, the international
transfer of aviation technology to the United States in
the First World War. The often stated American com-
plaints, that the European sample airplanes and aero-
engines sent to the United States on the basis of inter-
government agreement were unaccompanied by draw-
ings, materials lists and gauges, that many parts
dimensions were not specified and those that were
lacked tolerances and that there was a general lack of
standardization in the European manufacturing, may
have been referring to an apparent failure that may
not always have been inadvertent.

Another of the most commonly cited factors per-
taining to the relatively low German aero-engine out-
put during the First World War has been an asserted
lack of raw materials, specifically aluminum. Yet,
while there certainly was a scarcity, it may not be
accurate to simply posit a shortage of aviation alu-
minum in Germany during the First World War. Of
the major components of all the major production
aero-engines of that era, aluminum was commonly
used only for the crankcase and pistons.27 Skepticism
in Germany before the war in regards the use of alu-
minum in aero-engines did not prevent the develop-
ment in Germany of duralumin, one of the major
advances in aluminum technology and one particular-
ly important to the development of aviation.28 One of
Germany’s most important industrial firms, the
Allgemeine Elektrizität Gesellschaft (AEG), a firm
throughout its history closely associated with the
General Electric Company of Schenectady, New

York, was interested in the pre-war supply of alu-
minum to Germany as well as in the wartime devel-
opment of a German aluminum industry. AEG was
also an important participant in the early development
of aviation in Germany and its chairman, Walter
Rathenau, headed the German government’s early
wartime effort to administer raw materials production
and allocation. In this latter capacity, Rathenau would
be an advocate of Germany’s long range bombing of
Britain.29 Germany’s development of an aluminum
production capacity that by 1919 would be equivalent
to the entire world output of a decade earlier, the
increasing use of aluminum pistons at an increasing
number of wartime German aero-engine manufactur-
ers, the decision to standardize German fighter air-
craft production on the BMW IIIa, an engine using an
increased amount of aluminum30 and the curtailment
in 1917 of the German army’s procurement and oper-
ation of the aluminum framework Zeppelin airships,31

are indications that the wartime scarcity of aluminum
in Germany may not have proved to have been an
absolute limit to German aero-engine production.

The French aluminum industry, with its nearly
ideal basis of rich bauxite deposits located near the
hydropower resources of the French Alps and
Pyrenees Mountains, would also be thoroughly inte-
grated into the French war economy through the
growth during the war of the Tréfileries et Laminoirs
du Havre. One of this industry’s contributions to the
French war effort would be the construction of
bomber aircraft featuring duralumin framework fuse-
lages.32

The German government’s push in 1917 to open
the Daimler-Mercedes bottleneck on aero-engine pro-
duction was preceded by Daimler’s own effort begun
in the spring of 1916 to develop an aero-engine suit-
able for long range bombing operations. The 260 hp
Daimler-Mercedes D IVa ran at 1,400 rpm, the same
speed as the less powerful D III and BMW IIIa and,
except for the use of twin inlet and exhaust valves, it
used the same, basic Porsche cylinder design, featur-
ing a large cylinder of 6.3 x 7.1 inches (160 x 180
mm) set at a moderate compression ratio of 4.9:1.
This combination allowed bomber aircraft to use the
full throttle output of the D IVa at take-off.33 The
large bore diameter, however, pushed the upper limit
of an aero-engine cylinder. Adequate cooling and fuel
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efficiency require a complete as possible combustion
of the fuel-air mixture and this complete combustion
requires that the flame fronts moving across the com-
bustion chamber from their respective points of igni-
tion be given time to meet. The speed of a four-stroke
aero-engine with a large cylinder bore is thus actually
limited by the rate of combustion of the fuel-air mix-
ture which for a given cylinder and mixture is a con-
stant and thus efforts to increase the output horsepow-
er by increasing the speed of an engine with a large
bore cylinder may result in incomplete combustion,
over-heating and detonation.34 This limit on the
DIVa’s ability to increase its engine speed coincided
with a similar limitation on increased compression
ratio, the latter limitation the result of the increased
difficulty of cooling the valves, particularly the
reduced diameter exhaust valves, of a four valve
cylinder. One reason the BMW IIIa was able to use a
high compression ratio of 6.7:1 to maintain output at
altitude was that its cylinder featured single, large
diameter inlet and exhaust valves. 

Unlike the D III and D IIIa, the D IVa cylinder
featured a drop-forged steel head manufactured sepa-
rately from a barrel made of tubular steel, the ends of
the head and barrel being threaded and then screwed
and welded together. The forged steel, twin inlet and
exhaust valve ports of the D IVa were welded onto
the sides of the domed head which enclosed a spheri-
cal combustion chamber. The valves were inclined
15° outward from the cylinder’s vertical center line.
The top or “crown” of the cylinder head had a maxi-
mum thickness of 0.433 inch. The convex-head piston
was of cast iron and forged steel. The steel barrel was
machined to a minimum thickness of 0.138 inch. In
contrast to the D III, the two spark plugs were placed
on the same side of the cylinder head below the
intake ports.

At well over 900 lbs, the D IVa was not a light
weight engine and its fuel efficiency of 0.54 lb/hp/hr
was not as good as that of the Liberty and Rolls-
Royce Eagle Mark VIII.35 The use of a section of
forged steel tube for the barrel, a feature similar to
that of the Liberty aero-engine, may have been for the
purpose of facilitating mass production. And the deci-
sion to use, unlike the Liberty, a separate head may
have been for the same purpose, the accurate machin-
ing of the interior dimensions of a cylinder with an

integral barrel and head enclosing a spherical com-
bustion chamber proving to be a difficult procedure.

This development of an open-ended cylinder bar-
rel with a separate head was contemporaneous with
similar work being done at the Royal Aeronautical
Factory at Farnborough in Britain,36 at the Siddeley-
Deasy Motor Co., Ltd., in Coventry,37 and in the
United States at the Wright-Martin Aircraft
Corporation’s plant at New Brunswick, New Jersey.38

All of these efforts to open up the aero-engine cylin-
der tended to improve the respective cylinder’s fuel-
air mixture distribution and cooling and thus the
respective engine’s fuel efficiency and potential for
increased output horsepower.

In Stuttgart, Daimler development director Paul
Daimler preferred to pursue supercharging as a means
of maintaining aero-engine performance at altitude
and it was thus that Daimler engineer Max Friz was
available to pursue his own design work at Munich
and BMW, the latter work facilitated by the German
army’s virtual expropriation of aviation patent rights
in Germany by early 1917.39 AEG, itself a manufac-
turer of bomber aircraft powered by the Daimler-
Mercedes D IVa, built and successfully tested during
the war a centrifugal supercharger for the D IVa.
Also, the Swiss manufacturer Brown, Boveri & Cie.
built a turbo-supercharger for the D IVa which under-
went successful wartime static and flight testing
aboard the giant Zeppelin-Staaken R VI four-engine
bomber. This testing indicated that the D IVa, because
of its moderate compression ratio, was amenable to
supercharging to maintain output at altitude and that it
could be overloaded at ground level thus making it
particularly suitable for bomber aircraft.40 The D IVa,
the cylinder design of which was directly descended
from the 1911 work of Ferdinand Porsche, would
power many of the German multi-engine bombers of
the First World War and it would be a squadron of
these aircraft, flying from fields in Belgium, each air-
craft powered by two Daimler-Mercedes DIVa aero-
engines, that would make the first German daylight
airplane group bombing raid on London on June 13,
1917, the same day that General Pershing arrived at
Paris to take command of the American
Expeditionary Forces.41
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2. France
Immediately upon the outbreak of the war, on

August 4, 1914, the French government seized
Daimler and Benz engine patents registered by loco-
motive and automobile manufacturers located in
France. Some of these patents were subsequently
assigned by Colonel Edouard Auguste Hirschauer,
head of the French war ministry’s Direction de
l’Aéronautique, to the French automaker Lorraine-
Dietrich. This firm, located at Argenteuil in the north-
ern suburbs of Paris, was controlled by an industrial
trust and had no pre-war experience in aero-engine
production. In the autumn of 1914, automotive engi-
neer Marius Barbarou was hired to begin Lorraine-
Dietrich’s development and production of aero-
engines based on the Daimler and Benz patents.
Barbarou, like Max Friz of BMW, had previously
been employed at the Daimler Motorenwerke in
Stuttgart.1

One French automaker that did have pre-war
experience in aero-engine development and produc-
tion was the Renault firm located at Billancourt in the
western suburbs of Paris. By 1907, Louis Renault had
entered into aero-engine production and Renault him-
self would continue to lead this effort throughout the
pre-war years during which his company also expand-
ed to become France’s leading automaker. In early
1909, he visited southern France and witnessed some
of the exhibition and training flights being staged by
Wilbur Wright at Pau. The pre-war Renault aero-
engine developments included both water- and air-
cooled engines some of which equipped aircraft
which were awarded Michelin aviation prizes for
achievements of distance and endurance. An air-
cooled, 80 hp Renault V-8 featuring steel cylinders
was one of the most widely used aero-engines in the
pre-war French army air service and this engine was
also licensed to a number of manufacturers in Britain.
A pre-war license request made by AEG chairman
Walter Rathenau was however rejected.2

The relative durability of these early, low-power
Renault engines was due in part to the use of a mod-
erate compression ratio. This design feature was
necessitated by the engines’ poor cooling, a failure
resulting from the use of a cast-iron F-head clamped
to the cylinder barrel. The interior angles and corners
of the F-head hindered the even distribution of the

fuel-air mixture within the combustion chamber and
constituted points of carbon deposit and over-heating.
In turn, these engines’ poor cooling also required the
use of a rich fuel-air mixture and that blowers be
attached to the aft end of the air-cooled types. The use
of a built-up cylinder with a separate head attached to
the open-ended barrel was, however, a significant
development, one which, along with Renault’s early
efforts to develop aluminum cylinders, influenced the
Gibson and Heron development of air-cooled cylin-
ders with separate aluminum head and steel barrel at
the Royal Aircaft Factory in Britain during the war.
Rolls-Royce would begin its aero-engine production
history in 1914 with the licensed production of an air-
cooled V-12 Renault.

The propeller of the early Renaults was driven by
the camshaft and thus turned at half the speed of the
crankshaft which itself ran at a relatively high 1,800
rpm. This reliance on high engine speed to obtain out-
put horsepower was a characteristic of some high-
power French aero-engines during and after the war, a
practice that may have led to the over-speeding, and
over-rating, of some French engines in the inter-war
years.3

By the beginning of 1915, with the military dead-
lock on the western front, an understanding in France
that the war had become an industrial struggle led to
plans to build a large bomber force, part of which was
to be directed at German industrial capacity.4 This
planning required the development and production of
aero-engines of greater output horsepower. At
Renault, French army demands for such engines were
initially resisted and it was this resistance that
prompted French army air service chief Colonel
Édouard Barès to send two members of his staff in
early 1915 to Barcelona to consult with Marc Birkigt
and the Hispano-Suiza firm.5 By the latter part of
1915, Renault had in production a water-cooled, 220
hp V-8 engine and in development a similar 280 hp V-
12. 

The cylinder design of both these engines was
dissimilar to the earlier Renault designs and similar to
the Porsche cylinder design then in development at
Lorraine-Dietrich and in use in aero-engines in
Austria and Germany. The Renault steel cylinders
measured 4.92 x 5.91 inches (125 x 150 mm), pairs of
barrels welded together and sharing a common head,
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each pair encased by a welded sheet-metal water jack-
et. The cylinders for the 220 hp V-8 were machined
out of a hollow steel forging. Located on the sides of
the head, the single inlet and exhaust valves each had
a 61 mm diameter, were inclined 14° outward from
the cylinder’s vertical center line and were operated
by an overhead camshaft. Both the V-8 and V-12
engines used aluminum pistons and both normally ran
at a moderate speed of 1,550 rpm using a low com-
pression ratio of approximately 4.5:1. These wartime
Renaults were direct-drive engines with the propeller
coupled to the crankshaft. Compared to the pre-war
Renaults, the 280 hp Renault V-12 had a much
improved fuel consumption of 0.52 lb/hp/hr. It was
the design feature of a spherical combustion chamber
in the wartime Renault aero-engines that improved
these engines’ cooling and fuel efficiency and thereby
made possible subsequent increases of compression
ratio and output horsepower. In this regard in early
1918, it would be Charles Kettering, one of the
American automotive engineers who participated in
the wartime development of the Liberty aero-engine,
who would remark that “I think the Lord has tolerated
this foolishness of throwing away 90 per cent of the
power in fuel as long as he intends to, and we must
act and help ourselves a little.”

With an increase of compression ratio to 5.0:1,
the Renault V-12 was put into series production at the
end of 1916 as the 300 hp Renault 12Fe, a sturdy
aero-engine, running at a moderate speed, built not
for maximum output but for reliability. One factor
preventing the development of a higher output from
this engine was its use of castor oil as a lubricant. It
equipped many of the Breguet 14B2 bomber aircraft
put into combat service during the war, the Breguet
14B2, featuring an aluminum framework fuselage,
being one of the aircraft upon which the French
bomber program would be standardized in December,
1917.7 One of the several wartime manufacturers of
the Breguet 14 was Michelin.

The French tire and automotive manufacturer
André Michelin was, like Walter Rathenau, a major
European industrialist who advocated the use of long
range bombing to wage economic warfare. Before the
war, Michelin had awarded U.S. aviator Riley E.
Scott 150,000 F in prize money for Scott’s demon-
strations of a bombsight during competitions held in

France.8 In August, 1914, before the stabilization and
deadlock on the western front, Michelin had made a
proposal to the French government offering to build
and donate to the government 100 bomber aircraft.
Supported by President Raymond Poincaré, receiving
in November a government contract, Michelin entered
into joint operations with Louis Breguet to produce a
series of bombers with parts and sub-assembly pro-
duction at the Michelin plant at Clermont-Ferrand in
central France and final assembly and testing at the
Breguet plant at Velizy-Villacoublay located immedi-
ately to the west of Paris, an arrangement that initiat-
ed the production of over 1,800 Breguet aircraft by
Michelin during the war.9

The total wartime Renault output of 13,586 aero-
engines made the firm France’s leading producer and
yet Renault was also France’s leading manufacturer
of artillery and tanks, the firm supplying most of the
tanks used by the American Expeditionary Force
(AEF) in 1918. Its production of 5,050 aero-engines
in 1918 would account for less than one-third of its
total sales for that year.10 This enormous industrial
output and its consequent profits provided the firm
with significant political power. When in the spring
and summer of 1917, U.S. Army Signals Corps Major
William Mitchell objected to terms proposed by
Renault to equip the AEF Air Service in France,
Mitchell felt it necessary to seek the help of the
French under-secretary of state for aviation. In
Mitchell’s opinion, Renault was capable of exerting
an influence in the French parliament comparable to
that of the government itself.11 However, in the post-
Dreyfus Affair politics of the French Third Republic,
industrial capitalists like Renault and Michelin could
also encounter significant opposition, opposition
which could find expression not only in the Chambre
des Députés but in the French war ministry as well.
One such expression was the ministry’s wartime pref-
erence for using a multiplicity of firms in its aviation
procurement programs. While there would be contin-
uing efforts to standardize airplane and aero-engine
types, a number of the large-scale, French aviation
production programs of the First World War would be
characterized by a pervasive use of licensing and sub-
contracting, referred to as the système globale,
employing several and in some cases a dozen or more
different licensed manufacturers.12 One prominent
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feature of this wartime system was the French gov-
ernment’s decision to place no maximum limit of pro-
duction quantity in regards its payments of royalties
for airplanes and aero-engines. In the words of French
historian Emmanuel Chadeau, a scholar familiar with
the history of French public finance, the First World
War in France was “une guerre de luxe.”13

By early 1915, Colonel Barès and his staff had
organized a force of four bomber groups, having pre-
pared instructions for a bombardment mission that
included ground support operations and that also des-
ignated industrial and transportation targets. In the
spring of 1915, the French army air service began a
limited series of daylight, long range bombing raids
on German munitions factories located at the Rhine
River cities of Freiburg, Mannheim-Ludwigshafen
and Karlsruhe, as well as on various German coal,
iron, steel and railway facilities located in
Luxembourg, the Saar and occupied Lorraine. Single-
engine, pusher Voisin 3 biplane bombers, some of
which were equipped with pre-war design Renault V-
8s of approximately 150 HP, were deployed against
the Rhine River targets. Groups of up 60 aircraft were
launched from fields near Nancy, located approxi-
mately 80 miles west of the Rhine, and from points
further south. The under-powered, slow and vulnera-
ble Voisins with their characteristic lattice-frame tail
sections, though carrying light bombloads of approxi-
mately 115 lbs, were unable to climb to an altitude
above the German anti-aircraft fire and they met
increasing German fighter resistance. While the air-
craft losses on these raids were relatively light, the
aircrew casualties were considerable. Conducted as
reprisals, these raids into Germany were halted in
September 1915, a time of worsening flying condi-
tions, a major French ground offensive in Champagne
and the advent of the initial “Fokker scourge” when
German fighter aircraft gained a temporary air superi-
ority over Allied aircraft.14 Throughout this time, dis-
cussions were held among officials of the French
army, war ministry and aviation industry concerning a
large-scale, bomber procurement program. 

General Joseph Joffre, the French army com-
mander-in-chief, was in favor of a program largely
standardized on Breguet bombers equipped with
Renault aero-engines. This Breguet-Renault bomber
program was opposed by the war ministry’s Col.

Hirschauer, the officer who had assigned the Daimler
and Benz patents to the Lorraine-Dietrich firm in
1914 and who favored acquisition of German and
Italian aero-engine and airplane patents and licenses,
as well as the bomber of French designer Paul
Schmitt, as the bases of French bomber development
and production. Louis Renault’s demand in the latter
part of 1915 that the French bomber program be stan-
dardized on his aero-engines in return for his promise
to use production licensees and sub-contractors was
rejected by other French manufacturers as well as by
the war ministry. Besides government and industry
opposition to Renault dominance, one objection
raised was that the larger, heavier, more powerful
Renault engines were unsuitable for fighter aircraft.15

Another was the inability in 1915 of any aero-engine,
Renault, French or otherwise, to lift a significant
bombload and carry it at adequate speed and altitude
over a long distance as was then being demonstrated
by the Voisin raids on the Rhine. The termination of
those raids also coincided with the failure of the
French army’s offensive in Champagne and conse-
quent criticism in the French parliament. On
September 13, 1915, Col. Hirschauer and the war
ministry’s Direction de l’Aéronautique were replaced
by the office of under-secretary of state for military
aeronautics, the first of a series of steps increasing
parliamentary and ministry control over French
wartime avaition and which eventually led to the dis-
missal of Colonel Barès in March 1917.16

Beginning in November 1915, orders for some
700 bombers were issued to a multiplicity of firms
including Breguet, Breguet-Michelin, Voisin,
Caudron, Schmitt and Caproni. These bombers were
to be equipped with a multiplicity of aero-engines
including those of Renault, Salmson, Bugatti and pos-
sibly Clerget-Blin and Panhard, inadequate engine
performance thereby determining not only bombing
operations but also bomber aircraft procurement. As
characterized by Emmanuel Chadeau, “L’affaire des
bombardiers devenait l’affaire des moteurs.”17

In 1915, the French designer Paul Schmitt,
backed by André Michelin and President Poincaré,
had begun development of a heavy, large-dimension,
twin-engine bomber. By 1917, however, Schmitt had
acquired an order for 450 single-engine Breguet 14
aircraft and in November, backed by August Belmont,
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Jr., and a group of Lorraine political and business
leaders associated with President Poincaré, Schmitt
established Les Ateliers de Constructions Mécaniques
et Aéronautiques Paul Schmitt, a firm located at
Levellois-Perret in the northwestern industrial sub-
urbs of Paris. Two months after the formation of the
new Schmitt firm, and following French army air
service commander Colonel Maurice Duval’s final
decision to standardize French bomber production on
the Breguet 14B2 powered by the Renault 12Fe,
designer Paul Schmitt sold his portion of Les Ateliers
to the other owners, the company going on to pro-
duce, along with a number of other licensees includ-
ing Michelin and Renault, thousands of Breguet 14s.18

In 1916, French long range bombing operations
were mostly conducted at night and directed at rail-
way and other transportation targets serving German
troop movement and supply as well as the foundries
of the Saar, Luxembourg and occupied Lorraine, the
flaming blast furnaces, busy railroad yards and moon-
lit rails being readily identifiable on a fair night from
reduced altitude. Two major French raids were how-
ever conducted in daytime. On June 22, 1916, the
Feast of Corpus Christi, a squadron of twin-engine
Caudron bombers using air-cooled rotary engines and
lead by Captain Henri de Kérillis attacked the city of
Karlsruhe on the Rhine River. The resulting deaths of
over one hundred civilians was a massacre compara-
ble to that inflicted one year later on London by the
first daytime Gotha bomber raid. It was also effective
as a reprisal raid in that it temporarily halted similar
German bombing raids on French cities for the
remainder of 1916. In the inter-war years, de Kérillis,
as a parliamentarian and as an author writing under
the the name of “Pertinax,” would be one of France’s
leading opponents of the inter-war policy of appease-
ment vis-a-vis German rearmament and aggression.
On October 12, 1916, the heavy losses suffered by a
French bomber group during its raid on the Mauser
small arms factory located east of the Rhine in
Oberndorff caused the French general staff to also
call a temporary halt to French daylight bomber group
raids in Germany.19

Throughout this wartime history of French aero-
engines and strategic bombing, Marius Barbarou had
continued to lead the Lorraine-Dietrich development
of aero-engines based on the Daimler and Benz

patents. By March, 1915, a Lorraine aero-engine was
undergoing type testing. Like the Porsche 120 hp
aero-engine, this early 110 hp Lorraine was a water-
cooled, vertical in-line, six cylinder configuration, the
cylinder barrel integral with the head which included
single inlet and exhaust valves inclined at the sides of
the head, the valve ports integral with the head. The
pistons were cast-iron. Like the wartime Renault
engines, the 120 x 140 mm steel cylinders of this
early Lorraine were manufactured in pairs, each pair
encased by a common sheet-metal water jacket weld-
ed to the cylinders. Using this same cylinder design,
Barbarou in 1915 also began development of water-
cooled, V-8 engines and by 1917, using an increased
cylinder stroke of 170 mm approximate to the early
Porsche design, had in development a 250 HP, water-
cooled V-8 running at 1,500 rpm.20 It was this engine,
the Lorraine 8B, a sample of which was shipped with
spares to the United States in the summer of 1917,
that was cited as the basis for the development of the
Liberty aero-engine in the famous Vincent-Hall report
delivered to a joint meeting of the Aircraft Production
Board and the Joint Army Navy Technical Board in
Washington, D. C., on May 31, 1917. Described as
“the coming motor in Europe,” it was the only foreign
engine therein cited21 and as such constitutes another
continuation in the direct line of development
between the cylinder design of the 1917 Liberty and
the 1911 design of Ferdinand Porsche. And in 1917,
the Lorraine 8B’s principal place in the French
wartime aviation procurement program would be to
power the Farman F50, a twin-engine bomber, two of
which were purchased by the AEF in March, 1918.22
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3. United States
As per the Porsche design, the 1917 Liberty fea-

tured a separate, water-cooled cylinder with two,
large diameter valves (for the Liberty 12A, 2.5 inch
or 63 mm) inclined at the sides of the domed cylinder
head enclosing a spherical combustion chamber, the
head integral with the cylinder barrel. Like the
Renault 12Fe, the Rolls-Royce Eagle and the
Daimler-Mercedes D IVa, the overhead valves were
inclined approximately 14° outward from the cylinder
vertical center line. Like the Daimler-Mercedes D III,
the head of the Liberty cylinder was slightly bumped
to facilitate the use of large diameter valves. Like
some of the Porsche and Austro-Daimler cylinders of
practically the same dimensions, the 5 x 7 inch (127 x
178 mm) Liberty cylinder used a long stroke and a
moderate compression ratio. The Liberty cylinder was
of forged steel with welded, forged steel valve ports
and welded, sheet metal water jackets, the valve gear
driven by an overhead camshaft. Unlike the Daimler-
Mercedes, the Liberty used aluminum pistons. And in
significant contrast to the Daimler-Mercedes D III,
the two spark plugs of the Liberty cylinder were
located near the top of the head in a nearly vertical
orientation and were enclosed by the camshaft
casing,1 this arrangement indicating the designers may
not have fully understood the relation between the
spherical combustion chamber and the combustion of
the fuel-air mixture. 

Ever since its wartime development, the design
of the Liberty aero-engine cylinder has been widely
identified as having been derived from that of the
Lorraine-Dietrich and the Daimler-Mercedes,2 both of
which were derived from the Porsche design. Before
the war, a principal export market for Daimler-
Mercedes engines was the United States which
imported disassembled Daimler-Mercedes automotive
and aircraft engines. In 1915, it was a Daimler-
Mercedes race car that took first place at the
Indianapolis 500.3 In the autumn of 1917, U.S.
Secretary of War Newton Baker publicly stated that
the Liberty “amounts practically to an international
model” and that the designers of the Liberty had
access to “the blueprints and models of the most suc-
cessful engines the war has produced,” blueprints and
models which may have included not only those for
the Lorraine-Dietrich and Daimler-Mercedes but also

those for the Rolls-Royce engines.4

According to Jesse Vincent, one of the principal
advantages of this cylinder design, and one of the rea-
sons why it was selected for the Liberty, was that it
provided “the best possible valve cooling,” noting in
regards four-valve cylinders such as those used in the
Austro-Daimler 380 hp V-12 and the Daimler-
Mercedes DIIIa and DIVa, that “four valves are much
harder to cool than two and should not be used until
the limit is reached with two valves.”5

Besides the similar-sized cylinders of the Porsche
and Lorraine-Dietrich engines, the Liberty’s 5 x 7
inch cylinder dimensions had also been previously
used in the United States in some Curtiss and Hall-
Scott engines. The designers of the Liberty, Jesse G.
Vincent, vice president of the Packard Motor Car
Company of Detroit, Michigan and Elbert J. Hall,
president of the Hall-Scott Motor Company of San
Francisco, California, considered this to be the maxi-
mum size for reliable performance and thus it was the
cylinder size itself that defined the Liberty V-12 as a
high-power engine, its 400 hp at 1,650 rpm output
greater than any other production aero-engine in com-
bat service at the front in 1918; this with a moderate
compression ratio, without over-speeding the engine
and without supercharging. As described shortly after
the war by U. S. Army Signal Corps Chief Signal
Officer Maj. Gen. George O. Squier, the 5 x 7 inch
cylinder was “the largest that could be relied upon to
give satisfactory service” and that “the fundamental
unit of engine design or construction is the cylinder
and the evolution of engine power rested mainly with
the unit-power capacity of that cylinder which could
be taken as reproducing the largest practical size gov-
erned by the state of the art at that time.”6

Aircraft Production Board (APB) chairman
Howard E. Coffin, vice-president and chief engineer
of the Hudson Motor Car Company of Detroit, agreed
with Jesse Vincent that the U.S. should produce a
standard aero-engine, a policy that Vincent acknowl-
edged was influenced by the German standardization
on the Daimler-Mercedes type.7 Coffin was a leading
advocate of standardization to facilitate mass produc-
tion in the U.S. automotive and aviation industries
and he was also, like Walter Rathenau and André
Michelin, a proponent of bombardment aviation.8

It was Packard in Detroit that took the lead in the
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development and testing of the Liberty.9 Packard’s
chief of production engineering, O.E. Hunt, initially
fabricated the early cylinders by boring out solid steel
billets, a practice also initially used at Ford and
Lincoln. This procedure, similar to that employed to a
greater or lesser extent at Gnôme-Rhône, Renault,
Rolls-Royce and Daimler-Mercedes was, at least in
retrospect, incredibly costly in terms of time and
material.10 To provide sufficiently large numbers of
bomber aircraft to conduct an effective strategic
bombing campaign against the industrial centers of
western Germany in 1918, the Liberty aero-engine
would have to be mass produced which in turn
required the mass production of the Liberty’s twelve
cylinders. 

In the summer and fall of 1917 at Detroit, it
would be the Ford Motor Company and the Lincoln
Motor Company that developed respectively the
cylinder forging and machining processes required to
achieve this mass production in the United States. At
Ford, under the direction of C. Harold Wills, John
Findlater and Carl Emde, the process began with a
section of 0.25 inch thick, silicon-nickel-molybdenum
steel tube beveled at one end. This steel was made in
Ford’s new, 1,500 pound electric furnace, cast into
ingots, formed into bars and then drawn out and
rolled into tubing. In a swaging procedure, the tube
section was heated and pressed into a die that folded
the long side of the bevel over the diameter of the
cylinder, leaving a partial opening in the closed end
that would become one of the valve portholes. In a
second, similar procedure, the tube was re-heated and
pressed into a second die which closed the cylinder
and formed its spherical head as well as both port-
holes. These procedures also formed the bumped head
with a diameter 10 mm greater than the outside diam-
eter of the barrel. In another procedure, the cylinder
was again heated and placed in a bulldozer press to
extrude from the cylinder’s lower portion what would
become the hold-down flange. These procedures thus
produced a cylinder with integral head and barrel, one
advantage of which was the elimination of the need to
precisely locate a separate head when screwed onto
the barrel,11 a requirement presented by the design of
the Daimler-Mercedes D IVa.

One member of the Aircraft Production Board,
Edward A. Deeds, whose Dayton Engineering

Laboratories Co., Inc. (Delco) produced the ignition
system for the Liberty, was a business owner and
engineering manager who had pre-war experience
with German industry. He personally took wooden
models of the Liberty cylinder to Detroit to help Ford
develop this forging process. Deeds was also familiar
with the need for the precision tooling and close
dimension tolerances required for the mass produc-
tion of aero-engines, noting that “In aviation engines,
however, the engines have to be made with extreme
care and measured with the very best gauges…the
maximum and minimum of tolerance…it is a well-
known American practice…They get it fairly well in
Germany. France has not been successful. England is
making progress.”12 In England during the war, Henry
Royce designed his aero-engines working not in met-
ric or decimal units but to the nearest 1/32nd of an
inch, leaving it to others to prescribe dimension toler-
ances.13

In July, 1917, Deeds notified Ford that the APB
planned to place an order for the production of 20,000
Liberty cylinder forgings per month with production
to begin in September. One week later, Ford replied
that, with the required materials made available, it
would be able to produce by the end of the year 1,000
forgings a day. On August 25, at Packard in Detroit,
the Liberty 12 successfully completed its 50 hour
type test with an average output of 315 hp. In
September, Ford contacted its representative in
Britain in an unsuccessful effort to procure a captured
Daimler-Mercedes aero-engine from the British gov-
ernment. 

Howard Coffin’s initial idea concerning the man-
ufacture of the Liberty cylinder forging was that it
“could be made by any companies accustomed to
making 6” shells of which there are many not now
busy.” But Ford’s rapid development of its forging
procedure and its famous potential for mass produc-
tion precluded any système globale for the production
forgings, all of which would be manufactured by Ford
and, at its peak in 1918, this production reached
approximately 2,000 forgings a day. To this produc-
tion, centered on the second and third floors of
Building W of its Highland Park plant located near
Detroit, Ford devoted approximately 13,000 of its
employees and over half a million square feet of fac-
tory floor space. With an enormous savings of time,
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material and cost, Ford had by February, 1919, pro-
duced a total of 433,826 cylinder forgings.14 This was
aviation industrial production on a scale comparable
with that achieved in this country during the Second
World War.15 As evidenced by the Ford production,
the United States during the First World War fully
intended to achieve a maximum production of air-
planes and aero-engines, that production “pushed to
the limit without reference to possible deliveries of
material in France,” thereby enabling “this country to
swamp any assembling facilities England and France
could provide.”16

The German immigrant Carl Emde was in 1918 a
Ford employee of twelve years standing and was in
charge of Ford tool design, including that for the
Liberty cylinder production. An investigative report
on the U.S. aviation industry issued shortly before the
Armistice by Charles Evans Hughes, former and
future U.S. Supreme Court justice and 1916
Republican presidential nominee, referred to Emde by
name and suggested that he should have been dis-
missed from his position at Ford simply on the basis
of his national origin. Henry Ford, refusing to bend to
the blatant and occasionally violent anti-German hos-
tility that flared up in this country during the First
World War, rejected Hughes’ argument and pointed
out the significant savings in cost to the government
directly resulting from Emde’s work.17

The machining process required to finish Ford’s
massive cylinder forging output and make the cylin-
ders ready for engine assembly was one of the princi-
pal achievements of Henry M. Leland’s Lincoln
Motor Company, a firm specifically founded in 1917
in Detroit to build the Liberty. As had Henry Crane,
Charles Lawrance and other American engineers,
Leland had previously visited wartime Europe to gain
knowledge and experience in the development and
production of aero-engines. As chief engineer at
Cadillac, his proposal to build the Liberty in 1917 had
been rejected by General Motors’ William Durant,
possibly in part due to Cadillac’s interest in possible
production of the British Bhp aero-engine. The multi-
million dollar investment required to start Lincoln,
most of which was advanced by the U.S. government,
and the tremendous effort involved in rapidly entering
into mass production of the Liberty18 would have an
important impact upon U.S. industry.

The sheer size of the Liberty and its components
as well as their more precise dimensions, greater than
those used in most Detroit automobile engines then
being produced, demanded a massive output of pro-
duction tooling of jigs, fixtures, gauges, etc. specific
to the Liberty. The decision taken in the fall of 1917
to mass produce the Liberty 12 as a 400 hp engine,
perhaps influenced to some extent by the Bolling mis-
son’s repeated recommendations at that time of U.S.
production of the reportedly 500 hp Bugatti H-16
engine, in turn subsequently required that some of the
initial procurement of Liberty production tooling had
be replaced.19 The inevitable delay in procuring all of
this equipment meant that “the first several hundred
engines were made more or less by hand,”20 a necessi-
ty that may have been related to initial reliability
problems when the first Liberty engines produced at
Packard went into service in Europe in 1918. This
historic procurement in turn was a principal cause of
a major expansion of the U.S. machine tool industry,
with an increased capacity characterized by the
employment of heavier, more complex machine tools
and which, except for the boom year of 1929, would
not again be fully utilized until the advent of the
Second World War.21 Detroit’s wartime production of
the Liberty contributed to its post-war production of
automobile engines of increased size, power and pre-
cision,22 that increase partially a result of the determi-
nation to build the Liberty as a high-power aero-
engine, that determination itself largely the result of
desires to bomb Berlin and wage a strategic bombing
campaign against the industrial centers of western
Germany in the last year of the First World War.

Thus it made sense in 1917 to found a new, addi-
tional company to build the Liberty, particularly one
owned and managed by Henry Leland, a man famed
for his achievements in a type of precision manufac-
turing that employed a pervasive use of machine tools
that produced the reliable interchangeability of multi-
ple parts required for mass production. Leland, with
his personal history as a young machinist working in
the small arms factories of New England during and
after the U.S. Civil War, was himself a living link
between two of this country’s major wars and a per-
sonification of the inter-relationship between modern
war and mass production.23

At the Lincoln Motor Company, the principal dif-
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ficulties in machining and welding the Ford Liberty
cylinder forging were those presented by the cylin-
der’s spherical head. It was initially found that the
center of the head was not true with that of the barrel.
“The centering was formerly done by scribing the
point central with the outside of the dome. A large
loss resulted because of the dome not being central
with the body, and the bore would not clean up. So
this was changed to locate the center by the body of
the cylinder.” During the boring and finishing opera-
tions, the face of the open end of the barrel was used
to locate the interior depth of the spherical head as
well as its radius. The finished head was of 0.1875
inch thickness, less than half the maximum thickness
of the Daimler-Mercedes D IVa forged steel cylinder
head. The 5 inch bore of the Liberty was finished by
grinding to ± 0.001 inch using Heald rotary cylinder
grinders, each grinder capable of finishing 45 cylin-
ders in a nine-hour day. The 0.25 inch thick barrel
was finally turned down, save for six, circumferential
strengthening ribs, to 0.156 inch, 0.030 inch less than
the minimum dimension of the barrel of the Daimler-
Mercedes DIVa. The entire machining process at
Lincoln reduced the Ford forging from 47 to 11
pounds.24

In welding the forged steel valve ports, or
“elbows,” to the domed head of the Liberty cylinder,
the intense heat would distort the dome, a problem
that in the production of the Daimler-Mercedes DIVa
may have been avoided by the use of a separate head
with a greater thickness. Solutions to this problem in
the production of the Liberty included the use of butt
welding at Ford and Lincoln as well the development
at Lincoln of a fixture of three cap screws and a plug.
“The top of the plug has the same radius as the top of
the dome and was inserted in the center of the
head…The ¾-inch capscrew was placed on the under-
side of the head so when it was tightened it would
exert a pressure against the top of the dome.” At
Nordyke-Marmon in Indianapolis, something of a
solution was reached using a combination of arc and
acetylene welding. “The dome sunk in arc welding in
reciprocal ratio in relation to the amount of expansion
that took place when gas welding the balance, thus
bringing the dome back to its original size.”25 At
Ford, which did not begin series production delivery
of the Liberty engine until June, 1918, several months

after Packard and Lincoln, this problem was eliminat-
ed by welding the valve ports onto the head before
the final boring of the cylinder. “By so doing, all
cylinder distortion due to the welding was cut out in
the finish boring.” This Ford procedure may have
been one reason why after the war Ford-built Liberty
engines acquired a reputation for superior reliabili-
ty.26 A Ford-built Liberty, captured by Bolshevik
forces during the Russian civil war, was copied as the
metric dimension Soviet M-5, the most produced
aero-engine in the Soviet Union during the 1920s.27

At Lincoln, the two-piece, 16 gauge sheet-metal
water jacket was welded onto the cylinder using an
arc welding machine developed at Lincoln specifical-
ly for this purpose. To keep pace with its machining
operations, the Lincoln welding department built a
house for twelve generators described as the “the
largest equipment of [welding gas] generators in the
world.”28

By the time of the Armistice, Lincoln was pro-
ducing 850 to 1,000 machined Liberty cylinders a
day29 and the principal contractors, Packard, Lincoln,
Ford, General Motors and Nordyke-Marmon, had
shipped a total of 13,574 Liberty aero-engines.30 For
its own production of the Liberty, Ford at its Oakland
Avenue plant ran 55 hour tests day and night on fifty
engine test stands and thereby ran some of its
employees to a state of exhausted collapse.31 In
November 1918, Ford alone produced a daily average
of 75 Liberty engines, greater than Rolls-Royce’s
maximum weekly delivery of its Eagle and Falcon
aero-engines. By the summer of 1918, the chief of the
U.S. War Industries Board’s automotive products sec-
tion estimated that productivity for the Liberty cylin-
der in the United States had reached 10 man-hours
per cylinder while that for the Rolls-Royce aero-
engine cylinder was at 150 man-hours,32 the Rolls-
Royce Eagle being the only British-built engine suc-
cessfully employed by the British for the purpose of
strategic bombing in the last year of the First World
War.
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4. Britain
The British failure to bring a serviceable, high-

power aero-engine to a state of mass production in
1918 was one of the most significant national failures
of the 20th Century, particularly in regards the fact
that it would ultimately prove to be an edifying fail-
ure; for as such, it would subsequently guide the
development and production of the Rolls-Royce aero-
engines that a generation later would prove to be a
vital part of the narrow margin of British victory.1

The successful British employment of the de
Havilland DH-4 as a day bomber for both tactical and
strategic bombing during the First World War was due
in no small part to the success of its Rolls-Royce
Eagle aero-engine. Rolls-Royce had done some aero-
engine development work for the Royal Aircraft
Factory before the war had begun but it was not until
August 1914 that Henry Royce, separated from the
main production plant at Derby, began his design
work on a water-cooled V-12 aero-engine.
Development and production of Royce’s engine con-
tinued under the auspices of the British Admiralty
which placed a first order for what became the Eagle
in January, 1915. This original procurement was for
the purpose of equipping the twin-engine Handley
Page 0/100 bomber. By March, a prototype Eagle was
testing at 225 hp. Royce’s design featured sub-assem-
blies to facilitate wartime maintenance and repair but
the Eagle and other Rolls-Royce aero-engines contin-
ued to be produced according the company’s hand-
work methods,2 methods which not only precluded
parts inter-changeability and mass production but also
would have hindered the licensed production of
Rolls-Royce aero-engines by other manufacturers.

This situation was not dissimilar to that of
Daimler-Mercedes in relation to the wartime produc-
tion of German aero-engines and its benefits and
detriments were matters publicly acknowledged in
Britain by the summer of 1917, by which time the
Eagle-equipped de Havilland DH-4 was in service at
the British front as a day bomber. In contrast to the
système globale adopted in France, the British gov-
ernment would persist until 1917 in a general policy
of issuing each major aero-engine production order to
just one manufacturer.3 In 1916, 43% of British aero-
engine procurement would consist of French aero-
engines built in France or Britain.4 And the efforts in

1917 of the British Air Board to select serviceable,
high-power engines designed for mass production to
supplement the production of the Rolls-Royce
engines would prove to be a catastrophic failure, the
Siddeley-Deasy Puma, the A.B.C. Dragonfly and the
Sunbeam Arab all proving in the course of the last
two years of the war to be unsuitable as service aero-
engines.

The Puma had been developed in 1916-1917
from the B.H.P. design, a water-cooled, in-line, six
cylinder, 200 hp engine with closed-end, threaded
steel cylinders screwed into an aluminum monoblock.
Throughout the war and afterwards the Puma would
continue to be commonly be referred to as “the
B.H.P.” Two of the three designers of the original
B.H.P, William Beardmore and T. C. Pullinger, had
been British licensees of Ferdinand Porsche’s Austro-
Daimler aero-engines prior to the war. Prototypes of
the B.H.P. and the de Havilland DH-4 day bomber
made their first flight test in April 1916. In March,
1917, a large production order for the B.H.P. was
placed by the British Air Board with Siddeley-Deasy,
a firm located in Coventry. In July, the Air Board rec-
ommended U.S. production of the B.H.P., asserting
“that if United States considers B H P too difficult to
build in the United States then every war engine in
Europe is too difficult for United States to build as B
H P is simplest of all.” 

The principal modifications to this engine at
Siddeley were the use of open-ended cylinder barrels
in a twin-block configuration. Though the DH-4 day
bomber had been designed around the B.H.P.,
Siddeley’s failure to adapt its development of the
Puma to the DH-4 would result in that aircraft contin-
uing to be principally equipped by the Rolls-Royce
Eagle. The Puma weighed nearly 240 pounds less
than the geared, 12 cylinder Eagle and, with its lighter
weight, lower engine speed and longer piston stroke,
it was subsequently intended that as a more fuel-effi-
cient engine the Puma would provide the de
Havilland DH-9 day bomber with an increased range.
However, problems in the development of aluminum
casting technique, possibly related to the underdevel-
oped state of Britain’s pre-war aluminum industry,
would cause months of delay in the engine’s produc-
tion in 1917. And basic to the engine’s eventual fail-
ure to achieve improved fuel-efficiency was the
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engine’s design which would ultimately prove to be
fundamentally flawed.

The aluminum block into which the threaded,
upper portion of the Puma’s steel cylinder barrel was
screwed provided a flat cylinder head. These were
three-valve cylinders, two exhaust and one inlet, all in
vertical position. The middle sections of the three
steel barrels extending below each block were sepa-
rately encased by a cast aluminum water jacket bolted
to a flange on the lower side of the block, thus leav-
ing exposed and un-cooled the lower section of the
barrels above the crankcase. This hybrid design, com-
bining features of separate-cylinder and cast-block
aero-engines, failed to provide, in the course of high-
power, combat operations, adequate cylinder cooling.
The Puma would be de-rated from 300 to 230 hp at
1,400 rpm before it was put into large-scale produc-
tion, the first test flight of a DH-9 with a production
Puma taking place in November, 1917, two months
after members of the Bolling mission had recom-
mended large-scale production of the DH-9 equipped
with the Liberty aero-engine in the United States. The
British produced thousands of Puma aero-engines
during the war and this engine was continued in pro-
duction after the war within an increased output of
250 hp at 1,800 rpm. Continued cooling deficiencies
were addressed by recourse to the British penchant
for solving a problem by laying a piece of pipe, an
aluminum tube being inserted within the water jackets
to direct “comparatively cool water on to the hottest
places.”5

The air-cooled A.B.C. Dragonfly used a cylinder
similar to that of the Gnôme and other rotary aero-
engines. The Dragonfly cylinder was machined, like
the Gnôme, out of a solid, forged steel billet, the head
integral with the barrel, the barrel featuring integral,
circumferential, horizontal cooling fins. This was a
three-valve cylinder with its vertical, twin exhaust
valves and its vertical, single inlet valve arranged
respectively fore-and-aft, the valve ports bolted onto
the top of the cylinder head. However, the Dragonfly
was built as a fixed radial aero-engine, its nine cylin-
ders thereby deprived of the rotary motion of the
Gnôme and other such engines which was the princi-
pal means of cooling the cylinders. A coating of cop-
per on the fins of the Dragonfly cylinder to improve
cooling proved ineffective. Like the pre-war Renaults,

the Dragonfly was a low compression engine depend-
ent upon a high fuel consumption, rich fuel mixture
and frequent replacement of burnt out exhaust valves
to achieve an occasionally satisfactory performance.
Designed in 1917 to deliver 300 hp, then the develop-
ment standard for a high-power aero-engine in service
at the front, serial production did not begin until after
the Armistice by which time a considerable part of the
British aero-engine production capacity, including
Walton Motors and some of the Vickers plant, had
been assigned to the planned manufacture of some
12,000 of these engines.6 And unlike the failure to
bring the Rolls-Royce engines to a state of mass pro-
duction, this failure of the Dragonfly would not sub-
sequently prove to be similarly instructive. Beginning
in the 1920s, the British development of high-power,
air-cooled, fixed radial aero-engines would be charac-
terized by on-going difficulties in cooling the cylin-
der, difficulties directly resulting from the failure to
use large diameter, single inlet and exhaust valves and
a spherical combustion chamber in the development
of such engines. The failure to recognize the advan-
tages of this design, one that was significantly devel-
oped in Britain by Gibson, Heron and others during
and after the war, would lead Bristol, Britain’s lead-
ing manufacturer of air-cooled, radial aero-engines, to
adopt in the inter-war years the sleeve-valve cylinder.
As late as 1931, Roy Fedden, chief engineer at
Bristol, would inquire, “How is it possible for the
large, air-cooled engines of 1760 cubic inches and
above, when geared and supercharged, to get away
with a single inlet and exhaust valve?...For this type
of engine, we have found that four valves are essen-
tial.”7

The Sunbeam Arab was the work of Louis
Coatalen, the racing car designer who had joined the
Sunbeam Motor Car Co., Ltd. in 1909. An automaker
located at Wolverhampton in the British Midlands
northwest of Birmingham and Coventry, Sunbeam
began aero-engine work in 1912 and a number of
water-cooled, vertical in-line, V- and W-types using
cast-iron cylinders were produced before and during
the war, some of which equipped some of Igor
Sikorsky’s Ilya Muromets four-engine bombers in
Russia. Coatalen’s response in 1917 to the war’s
demand for aero-engines of increased output horse-
power and reduced weight was the Arab, a water-
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cooled, 90° V-8, aluminum cast-block engine with
cylinders of precisely the same dimensions as the 150
and 220 hp Hispano-Suizas. In distinction to the
Hispano, however, the Arab used an open-ended
cylinder barrel that was pressed, not screwed, into the
aluminum block. The Arab’s cylinders used twin, 33
mm diameter exhaust valves and a single inlet valve
inclined slightly from the cylinder vertical center line.
The combustion chamber was slightly convex.
Coatalen applied the principles of race car engines to
his development of the Arab, Sunbeam’s first alu-
minum cast-block aero-engine, initially using a high,
6.0:1 compression ratio and high engine speed of
2,000 rpm to achieve an output of 220 hp on the
geared version of the Arab. In contrast, the engine
speed of the geared Hispano-Suiza, an engine that
used single inlet and exhaust valves, was increased to
220 hp at 2,000 rpm only after two years of develop-
ment and production at which time it used a 5.3:1
compression ratio.8

In March, 1917, Sunbeam received a large pro-
duction order for the Arab from the British govern-
ment and, by April 10, four days after the U. S. decla-
ration of war, Sunbeam had responded to a U. S. gov-
ernment inquiry concerning the procurement of one
thousand Arab engines with a demand for $7 million.
By the beginning of May, however, Arab develop-
ment was experiencing cylinder and crankshaft fail-
ures and on May 2 the president of the British Air
Board recommended that the Arab be replaced by the
Hispano-Suiza in the British procurement program.
This recommendation was rejected by Percy Martin, a
member of the Air Board who was also controller of
petrol engine supply in the aeronautical department of
the Munitions Ministry. In mid-May, an Arab engine
completed a 100 hour type test. On May 18 the
British Air Board met with U. S. military and naval
air attachés in London and later in May the Air Board
recommended U. S. procurement of Sunbeam, Rolls-
Royce and Hispano-Suiza aero-engines. No Sunbeam
engine, however, was included in the U.S. aviation
program, an omission subsequently endorsed by
Colonel Bolling. On June 27, the day after the Bolling
mission arrived at Liverpool, the British Ministry of
Munitions announced in the House of Commons that
“The production of all internal combustion engines is
now under the direction of Mr. Martin.” Martin was

an American electrical engineer who before joining
the Ministry had been a director of the Birmingham
Small Arms Company and managing director of the
Daimler Co., Ltd., the prestigious British automaker
which before the war had separated from the Daimler
Motorenwerke in Stuttgart.9

March 1917 orders for British production of
thousands of Sunbeam Arabs included production at
Austin, Napier and Lanchester and thus employed,
like the orders for the A.B.C. Dragonfly, a significant
share of the British wartime aero-engine production
capacity, but by the end of the year less than 100
Arab engines had been delivered. Continued problems
in successfully casting the aluminum blocks, a prob-
lem in common with the development of the
Siddeley-Deasy Puma, may have been exasperated by
crankshaft torsional vibration problems. In addition,
there may also have difficulties presented, given the
different coefficients of heat expansion of aluminum
and steel, by the use of a cylinder barrel pressed into
the aluminum block, a problem attenuated in the
Hispano-Suiza by the use of a steel barrel, finely
threaded over nearly its entire length, screwed into
the aluminum block. The skilled labor, tooling and
materials needed to fulfill the requirements of metal-
lurgy and machining involved in such a threading
procedure may not have been commonly available in
wartime Britain, the British aluminum industry then
being less developed than that of France.10 By the
beginning of 1918, hundreds of Bristol and S. E. 5
aircraft scheduled to equip front-line British pursuit
squadrons had had their production or delivery
delayed due to a lack of British-built Sunbeam Arab
and Hispano-Suiza engines.11 By August 1918, with
the British army beginning its final offensive in
France, over 4,000 British aircraft were in storage due
to a lack of aero-engines.12 When in October 1918,
thirty S. E. 5s flown from Britain by U. S. aircrew
arrived at the AEF Air Service’s Orly acceptance field
located near Paris, they were equipped with U.S.-
built, Wright-Martin 180 hp Hispano-Suiza aero-
engines.13

In the United States, Willys, the owner of the
Curtiss Aeroplane and Motor Corporation, was also
engaged in Sunbeam Arab parts production for one
thousand engines with assembly at the Willys sub-
sidiary in Canada for delivery to the British Air
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Board. Willys offered to build this engine for the U.S.
aviation program at its plant in Toledo, Ohio.14 At the
Sterling Motor Company, a marine engine manufac-
turer located at Buffalo, New York, an order was also
placed for a 320 hp Sunbeam V-12 aero-engine. This
geared engine’s cast-iron, four-valve cylinders were
cast in blocks of three and used a 6.0:1 compression
ratio. The engine weighed over half a ton. Production
was not successful. An associate of the Sterling com-
pany, Arthur Homer, was also a wartime business
associate of U. S. Assistant Secretary of the Navy
Franklin Roosevelt who twice during the war sent
Homer to England to collect information concerning
aero-engines.15

Throughout this collapse of the British aero-
engine development program, Rolls-Royce had con-
tinued to develop and produce its Eagle and Falcon
engines. Henry Royce’s cylinder design for these
engines was copied directly from that of the Daimler-
Mercedes pre-war DF 80. Daimler’s registered
patents in Britain included that for the DF 80’s cylin-
der and from the beginning of his design work Royce
sought to avoid infringement of that patent. In the
summer of 1917, the Rolls-Royce board went so far
as to petition a British court to have the Daimler
cylinder patent revoked. This petition was submitted
on June 12, the day before the first daylight Gotha
bomber raid on London. By July 26, a few weeks
after the second daylight raid on London, the patent
had been revoked, with court costs being assigned to
the Daimler Motorenwerke of Stuttgart, Germany.16

The Rolls-Royce Eagle Mark VIII, like the
Liberty, featured a water-cooled, V-12 configuration
with separate steel cylinders encased by welded sheet-
metal water jackets, an aluminum crankcase and alu-
minum pistons, a 6-throw, 7-bearing crankshaft, two
valve ports welded to the sides of the domed cylinder
head, and valve gear operated by an overhead
camshaft. The cylinders of both the Eagle and
Liberty, as per Ferdinand Porsche’s design of 1911,
featured an integral head and barrel and a spherical
combustion chamber with large diameter, similarly
inclined, single exhaust and inlet valves. The Eagle’s
cylinder weighed 11.5 pounds, almost precisely the
same as the Liberty’s larger cylinder. The Eagle,
unlike the Liberty, the Daimler-Mercedes and Henry
Royce’s automobile engine of 1914, did not feature a

bumped cylinder head. Though the overall dimen-
sions of the two engines were about the same, the
Eagle’s smaller cylinder provided a total displacement
that was just three-quarters that of the Liberty. With
its reduction gear, the Eagle Mark VIII was approxi-
mately 60 pounds heavier than the direct-drive
Liberty. The Eagle delivered a normal 360 hp at 1,800
rpm with a fuel efficiency equivalent to that of the
Liberty. One advantage that the Liberty had over the
Eagle was its use of a mixture petroleum oil and cas-
tor oil, as opposed to the Eagle’s reliance on castor
oil, in the lubrication system.

Royce’s initial use of aluminum pistons was the
result of a recommendation made in the summer of
1915 by Walter Bentley who had noted their use in a
French racing automobile engine. The alloy used in
the French pistons included a 12% copper content. By
the fall of 1917, however, the pistons used in the
Eagle Mark VIII were described in Rolls-Royce spec-
ifications as being Mercedes Gotha pistons and were
made of 7% copper duralumin. This Rolls-Royce
development and that of Hispano-Suiza would in turn
influence the subsequent development of aluminum
pistons in wartime Germany.17

Royce’s principal alteration of the DF 80 cylinder
design was to place the two spark plugs midway up
the domed head. He believed that by so doing the
time between spark and maximum pressure, as well
as any tendency to detonation, would be reduced.18 As
in the Liberty cylinder with its vertical spark plugs
located near the crown of the head, this design feature
of the Eagle may indicate some lack of understanding
of the relation between the geometry of the spherical
combustion chamber and a complete, efficient com-
bustion of the fuel-air mixture.

It would be the use of different production meth-
ods that would be the most significant difference
between the Eagle and the Liberty. The Eagle cylin-
ders were made out of “Tyre Steel,” a metal used in
locomotive wheels. While Rolls-Royce did engage in
some wartime artillery shell production at its Derby
factory, this production used low carbon steel and the
company lacked the capability of producing forged
steel tube. While in 1918, Rolls-Royce “was given the
highest priority for materials and plant” and a number
of producers, including the National Shell Factory in
Derby, were brought in to assist the Rolls-Royce pro-
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duction, including that of cylinders, the 1918 produc-
tion of Rolls-Royce aero-engines never exceeded
more than one-third of its planned weekly rate. Each
cylinder of the approximately 3,000 12-cylinder Eagle
aero-engines produced during the war would be
machined out of a solid, six inch diameter billet of the
Tyre Steel, four and a half inches of which had to be
removed by drilling, boring and interior grinding pro-
cedures, the resultant barrel turned down to a 0.125-
inch thickness. The British term for chips is “swarf.”19

This critical limitation, combined with Henry
Royce’s practice of designing a multiplicity of finely
engineered parts, would prevent the Eagle from being
put into large scale production during the First World
War, a factor that was recognized in wartime
Germany. As described by Jesse Vincent, the Eagle
was “composed of a great many intricate parts, which
would be very hard to manufacture in quantity under
American production conditions…Many of the
important forgings would have to be made much bet-
ter than had been our practice in this country.” As
described by Newton Baker shortly after the war,
“The Rolls-Royce is a hand-made engine, and you
have to have very skilled mechanics to do that hand-
work. But even the British were not able to make
them and that is the reason they wanted our Liberty
motors.”20

The rapid development of the Liberty in Detroit
in the summer of 1917 was simultaneous with negoti-
ations in Washington between the APB and Rolls-
Royce concerning Rolls-Royce aero-engine produc-
tion in the United States. The terms demanded by
Rolls-Royce in the course of these talks were extraor-
dinary and as such were similar to demands made by
the firm of the British government during the war.
This latter fact was noted by Major Bolling when he
arrived in Britain on June 26, reporting that the
British government agreed that the sharing of manu-
facturing rights should be handled on a government-
to-government basis. “I think they feel it will
strengthen them in dealing with their own manufac-
turers who evidently give them some trouble especial-
ly Rolls Royce” and that “Matter payments for British
rights has very important industrial political and
diplomatic aspects. Question much larger than first
appears.” On July 1, Bolling cabled, “Big British air
programme contemplates only ten percent of big

engines Rolls Royce simply because they consider no
more can be produced…Air Board and ourselves rec-
ommend that you do not include Rolls Royce in our
programme quantity production but that Rolls Royce
be encouraged conclude their negotiations with Pierce
Arrow…All agree Rolls Royce people most difficult
to deal with. Reported here Duke American Tobacco
chief owner Rolls Royce. Advise enquiry.” On August
8, Bolling cabled “Strike Rolls Royce off Joint
Technical Board Report…difficulties of manufactur-
ing and maintenance in field.” The successful com-
pletion of the Liberty 12’s 50-hour type test in Detroit
on August 25 coincided with the APB’s termination
of its talks with Rolls-Royce. Subsequent wartime
Rolls-Royce aero-engine parts production in the
United States did not result in any Rolls-Royce aero-
engine being delivered to the British government
prior to the Armistice.

Thus, similar to the Hispano-Suiza company’s
earlier reliance on Wright-Martin in New Jersey to
fulfill much of its initial French government order for
several hundred aero-engines, by January 1918, with
the decisive battles of the First World War quickly
approaching, the British would find themselves with
the Rolls-Royce Eagle as their sole, serviceable, high-
power aero-engine in production and with procure-
ment plans for the Eagle relying on the United States
to provide over half the Eagles then on order. In
October 1917, before it had had its first test flight
equipping a U.S.-built DH-4, the British government
inquired about procurement of a half dozen Liberty
12 engines. In December, when serial production at
Packard was just getting underway, General Pershing
cabled the U.S. Army Signal Corps, inquiring if it
could supply to the British thousands of Liberty 12s.
In early January 1918, British Munitions Minister
Winston Churchill informed Rolls-Royce that if the
Liberty production proved successful, there would
then be less need for the Eagle. On January 23, 1918,
the British notified the U.S. government of a definite
intention to place an order for 3,000 Liberty aero-
engines “on the supply of which Britain came to place
great reliance for her programme of bombing
squadrons for the offensive against German industrial
centers.”21

This need and willingness of the British authori-
ties to circumvent the Rolls-Royce Co., Ltd., was
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similar to the situations of Renault in France and
Daimler-Mercedes in Germany as described above. In
all three instances, the leaders of military aviation
went around the largest producer of aero-engines in
their respective countries, none of the manufacturers
having agreed to the licensed production of their
engines, to seek out alternative sources of additional
or superior supply. 

In the summer of 1919, the U.S. House of
Representatives held a series of hearings on wartime
government expenditures. Newton Baker, giving testi-
mony before a subcommittee looking into the expen-
ditures for aviation, was interrogated by
Representative James A. Frear (R.-Wisconsin.) Frear,
relying almost entirely on the records of the previous
year’s U.S. Senate committee hearings on aircraft
production chaired by Senator Thomas, repeatedly
questioned the Secretary of War as to the use of the
DH-4 as a bomber, concerning which Mr. Frear may
have gained some understanding as he wandered in
and out of the laser light of Newton Baker’s intelli-
gence:

Mr. Frear. Maj. Muhlenberg was before the Thomas
committee, and he was a man, like Arnold, of some under-
standing of aviation matters because he had charge of the
testing department at Wright Field. He testified:
The de Havilland is by no means the machine we want for
a fighter, nor the machine we want for a bomber. It may be
all right for reconnaissance or artillery observation, but cer-
tainly not as a fighter or bomber.
Then he gives a number of observations, to the Thomas
committee but that was his objection at the time.

Secretary Baker. Yes, sir.
Mr. Frear. He speaks of the matter brought up a little

while ago, as to the defects in ceiling, 15,000 feet, and says
it should be greater. Consequently it gives only a very brief
time to be in service as a bombing plane.

Secretary Baker. Not as a bombing plane.
Mr. Fear. As a bombing plane?
Secretary Baker. As a fighting plane I do not think it – 
Mr. Frear. (interposing) For bombing purposes they had

to rise for a period of three-quarters of an hour, which took
up too much time.

Secretary Baker. Yes, that would be bad from that point
of view.

Mr. Frear. Then he speaks of the pilot and the observer
being too far apart. Then he mentions this fact, which, of
course, I suppose must have been brought to Gen. Squier’s
attention, that there were structural defects showing it was
not strong enough for its load, as it was a heavier machine,
and why it interfered with the use of the de Havilland over
there.

Secretary Baker. The Liberty motor was not heavier.
Mr. Frear. I thought it was. All through the Thomas

hearings it was shown that that was the case as I under-
stood.

Secretary Baker. It may be, but I do not think so. I think
the Liberty motor is the lightest engine for its horsepower
that there is.

Mr. Frear. Will you have that put in the record?
Secretary Baker. Ask Gen. Squier about it, but I have

never understood the contrary. But we could not get the
Rolls-Royce.

Mr. Frear. Couldn’t you have manufactured them?
Secretary Baker. The Rolls-Royce is a hand-made

engine, and you have to have very skilled mechanics to do
that handwork. But even the British were not able to make
them and that is the reason they wanted our Liberty motors.

Mr. Frear. What could a de Havilland plane with a
Liberty motor be used for?

Secretary Baker. For bombing purposes. 
Mr. Frear. Of what practical use was it if it took 48

minutes to go to the ceiling?
Secretary Baker. I agree with you that that is a limita-

tion on its use. As to Maj. Muhlenberg suggesting the
Rolls-Royce, as he did, I will say that England had her
storage spaces stacked up to the ceiling with planes
because she could not make engines for them.22
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Part II: Strategic Bombing

5. The Channel
On May 29, 1917, the same day that Vincent and

Hall began their design of the Liberty, the U.S. Joint
Army Navy Technical Board, having worked closely
with aviation officers of the British and French mis-
sions, submitted recommendations to the U.S. govern-
ment for U.S. aviation procurement to supply the
AEF in France in 1918. Prominent among the
Technical Board’s recommendations as subsequently
submitted to Congress was that for the procurement
of 5,000 Rolls-Royce engines, “or equivalent,” and
2,500 de Havilland DH-4s. In a June 13 memoran-
dum addressed to the Army War College for the pur-
pose of obtaining War College approval for this U.S.
procurement program, these airplanes were described
by the Aircraft Production Board as “Reconnaissance
Machines for Advanced Training,” the APB noting at
that time that “We will concentrate on the reconnais-
sance and artillery control types.” These recommen-
dations were the basis upon which the U.S. Congress
passed the $639 million Aviation Act of July 24,
1917, “the largest appropriation ever made by
Congress for one specific purpose.” As initially sub-
mitted to the War College in June, these recommenda-
tions were accompanied by the Technical Board’s rec-
ommendations concerning the organization of U.S.
military aviation. The objections of the War College
and the Army General Staff to this organization pro-
posal forced Newton Baker at the end of June to
intervene and substitute his own endorsement of the
Technical Board’s recommendations for that of the
War College and so allow the Technical Board’s
gigantic expenditures request to be submitted to
Congress. The matter of Allied supply of the AEF Air
Service was deferred pending the investigations and
recommendations of the Bolling mission.1

The Aviation Act of 1917 said nothing about
bombardment aviation or any possible relation it may
have had to a separate or independent organization,
agency or department for aviation, military or other-
wise, and none of the details of the Technical Board’s
recommendations were included in the Act. However,
in the third of this historic piece of legislation’s
twelve sections, the Congress of the United States of
America did see fit to provide for the creation of the

ratings of United States Army Signal Corps
Chauffeur, First and Second Class, the famous race
car driver and U.S. Army Signal Corps Private
Edward V. Rickenbacker having embarked, along
with General Pershing and the general staff of the
American Expeditionary Force, on the S.S. Baltic at
New York City on May 28. Rickenbacker was then 27
years old, two years older than the maximum age for
recruitment as a U.S. Army Signal Corps pilot.
Nevertheless, Rickenbacker, the Baltic and the others
had then proceeded eastward across the Atlantic
Ocean to Great Britain where they disembarked at
Liverpool on June 8, 1917.2

The skepticism expressed in Germany during and
after the war, not a little of it derived from American
sources, in regards America’s ability to rapidly devel-
op its airpower and bring it to bear upon the course of
the war3 was contemporaneous in 1917 with the
advice of a number of French officials, as well as that
of Major William Mitchell, that the United States
ought to rely on the French aviation industry to equip
the AEF Air Service.4 This viewpoint was not shared
by Newton Baker or Woodrow Wilson nor by some of
the French and other Allied military and naval air
attachés and industry representatives at work in this
country during the war, some of the latter recom-
mending that the initial American contribution would
be most effective if concentrated upon U.S.-built
bombardment aviation and high-power aero-engines.5

The Lorraine-Dietrich 8B aero-engine cited in the
Vincent-Hall report was an engine then being devel-
oped in France for bombardment aviation.6 The 150
hp Hispano-Suiza engine, the licensed production of
which by Wright-Martin was one of our earlier
wartime contributions to Allied aviation, had been ini-
tially designed in 1915 in response to the French
army’s demand for engines of increased output to
power its long-range bombers.7 In November 1916,
the Italian government was proposing to buy French-
built 220 hp Hispano-Suizas for the purpose of equip-
ping Italian air force Caproni bombers.8 The famous
Ribot cable upon which the initial U.S. aviation pro-
gram was based was itself the result of a recommen-
dation made earlier in May 1917 by the French army
to the French government that U.S. aviation produc-
tion to supply the AEF in France should consist of a
front-line force of 4,500 service aircraft, half of which
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were to be bombers.9 The recommendation of the
Joint Army Navy Technical Board to procure thou-
sands of de Havilland DH-4s equipped with Rolls-
Royce or equivalent engines came less than two
months after the DH-4 equipped with the Rolls-Royce
Eagle began its initial service at the British front as a
day bomber, work for which the DH-4 had been
specifically designed.10 The French would concur in
our decision to build the DH-4.11

In July 1917 Major Bolling cabled Washington,
asserting that “All information obtained is that 12
cylinders right size for long distance bombing
machines and British recommend that these be our
largest production…twelve-cylinder seems suited
D.H. Four and Breguet machines,” adding “Day
bomber and long range reconnaissance capable of
defending itself. Recommend de Havilland Four but
think some changes in design necessary give larger
bomb carrying capacity. Has been successful with
Rolls Royce engine and we think new Renault 450
new Fiat or new Isotta Fraschini or U.S. 12 engines
suitable this machine.” In October, he stated that “Our
business is build largest possible quantity day and
night bombers de Havilland Nine and
Caproni…United States should produce great quantity
bombers which will give results that count…Germans
have already started extensive bombing and confiden-
tial information indicates large bombing programs
next year. We must meet and beat them at this.”12 An
early recommendation of the Italian government was
that the U.S. should produce the Caproni three-engine
bomber.13 These actions and recommendations were
accompanied by statements in the American and
British press and by members of Congress and the
House of Commons urging U.S. Production of aircraft
to bomb Germany.14

In 1917 the French government looked upon
French aviation as an asset that could be exchanged
for the American raw materials and finance upon
which wartime France was becoming increasingly
dependent. French government planning in regards
U.S. aviation in the summer of 1917 included the
placing of French engineers and technicians in U.S.
plants and the construction of new American aviation
factories not in the U.S. but in France.15 Given the
limited availability of transatlantic tonnage, this plan-
ning was endorsed by Major Bolling who in the sum-

mer of 1917, asserted that it was “absolutely useless
[to] consider shipping complete airplanes from
America for the next twelve months because of the
ship situation.”16 In August 1917, one of France’s
leading advocates of strategic bombing, Pierre-Éti-
enne Flandin, head of the Inter-Allied Aircraft Board,
prominent member of the Chambre des Députés and
future French under-secretary of state for aviation,
foreign minister and premier, was in this country pub-
licly advising the United States to forego domestic
aero-engine production.17

These plans and recommendations were coinci-
dent with demands from European government offi-
cials, as well as from Rolls-Royce and other
European manufacturers’ representatives, for Aircraft
Production Board contract approval for the licensed
production of European aircraft and aero-engines in
the United States. The European terms for many of
these proposed contracts were considered by the
members of the APB and many other people in this
country to be excessive, “equivalent to taxing the
American public or to making them pay the entrance
fee to participate in the war.”18 This refusal of
European commercial terms was accompanied by the
American demand for the free exchange of aviation
manufacturing rights between the U.S. government
and the governments of the Allied nations. The APB
and Colonel Bolling would make exceptions to this
policy19 but it was generally adhered to and it was a
policy that was consistent with the Wilson
Administration’s free trade policies as well as
Woodrow Wilson’s post-war refusal to agree to the
commercialization of the Allied and German govern-
ments’ war debts.20

The American determination, personified by
General Pershing, to maintain the integrity and inde-
pendence of the American Expeditionary Forces
extended to the equipment and deployment of the
AEF Air Service. The two principal means of manag-
ing this U.S. aviation policy would be the supply of
American raw materials and Liberty aero-engines to
the Allies, means which would become increasingly
coherent and identical with one another in the course
of our direct participation in the First World War. Two
American lawyers managed this policy, U.S.
Secretary of War Newton D. Baker and Colonel
Raynal C. Bolling.
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Raynal Bolling led of the famous U.S. aviation
mission sent to Europe in June 1917 by Newton
Baker and the Aircraft Production Board. Besides
being an aviator, he was also former general counsel
for the United States Steel Corporation and brother-
in-law of U.S. Assistant Secretary of State William
Phillips who was the State Department’s principal
representative to the British mission to this country.21

One member of the Bolling mission later recalled that
“Col. Bolling was a man of unusual characteristics.
He made friends everywhere he went…He was a
lawyer of great ability and was therefore considered
able to handle international questions which might
arise and did arise.”22

Bolling consulted with General Pershing shortly
before the latter signed an August 30, 1917, $60 mil-
lion U.S.-French aviation agreement to supply the
AEF Air Service with thousands of French first-line
and trainer airplanes and aero-engines, a procurement
that corresponded to the recommendations of Major
Mitchell and which was to include 1,000 Breguet
14B2 bombers and 1,500 Renault 300 hp aero-
engines. The Liberty aero-engine was an important
feature of this agreement’s planned first phase, the
U.S. agreeing to sell the Liberty to France in
exchange for the French airplanes and aero-engines.
This additional French production was to be partially
facilitated by the conversion of some French industri-
al capacity from artillery to aero-engine production.
Another essential element of this deal was the
American supply of raw materials and machine tools
to the French aviation industry.23

Throughout the latter half of 1917, Colonel
Bolling and the APB would be vigorous and occa-
sionally vehement in their demands that the U.S. and
Allied governments agree to the free exchange of avi-
ation patent and manufacturing rights. With the short-
age of transatlantic tonnage and his confidence in
European aviation design and production, Bolling
continued to advocate for the French production as
per the August 1917 agreement and that the United
States should produce no complete aircraft for ship-
ment to Europe. He instead urged the U.S. production
of complete sets of airplane parts to be shipped to and
assembled in Europe. Bolling’s recommendations did
not exclude the U.S. production and shipment to
Europe of complete aero-engines and did include a

reference to the development of the Liberty as 
“probably the most important consideration of engine
production in the U.S.” and did include the sharing of
the rights to U.S. engines with the Allied govern-
ments.24

The French government continued to urge French
officials in the U.S. to recommend French supply of
the AEF Air Service.25 Major Mitchell, born in Nice,
fluent in French and himself a member of one of
Milwaukee, Wisconsin’s most prominent families, in
his efforts to procure that same supply was working
directly with French political and military leaders as
well as with some of the leading American business-
men then resident in France.26 Thus considerable pres-
sure may have been brought to bear upon Raynal
Bolling in the summer and fall of 1917 to recommend
the foregoing of domestic U.S. aviation production.
While Bolling was in basic agreement with what the
French and Mitchell were advocating, any such pres-
sure would nevertheless have been misplaced. In the
recent words of two French historians, “L’officier
américain n’est pas homme à se laisser impressioner
par de tels arguments, et il détermine son choix en
son âme et conscience, tenant compte des intérêts
supérieurs de son arme et son pays.” When faced
with a hopeless situation in a chance encounter with
enemy soldiers at the front in March 1918, the
American corporate lawyer would choose to fight it
out and die in combat rather than surrender.27

The demands placed upon the U.S. machine tool
industry consequent of the decision by the U.S. gov-
ernment in 1917 to enter into the mass production of
the Liberty aero-engine28 did not delay timely supply
U.S. machine tools to France and did not cause the
failure of the French to supply to the AEF Air Service
8,500 aero-engines as per the August 1917 agreement.
As early as July 1917 in his negotiations with French
officials, Major Bolling was referring to a possible
conflict between the French and U.S. demands for
machine tools. One member of the Bolling mission,
Robert A. Vail of the Dodge Motor Car Company,
designated to examine those French demands, found
them to be reasonable and returned to the U.S. in
September 1917 to help organize their supply. An ini-
tial embargo on the export of machine tools from the
U.S. that included the commandeering of orders
awaiting shipment was replaced before the end of the
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year by a policy that made exports subject to 
government approval. One beneficiary of these
actions in this country was the Ford Motor Company
and its efforts to procure the cylinder grinding
machines which were required for the precise machin-
ing of the cylinders of the Liberty and other U.S.-
built, mass production aero-engines. It was these
machines, specifically the rotary cylinder grinding
machines made by the Heald Machine Company of
Worcester, Massachusetts, that were a necessity for
that production. The Heald company’s supply to the
Signal Corps Aviation Section and the AEF was sup-
plemented the U.S. government’s commandeering of
these machines in Europe owned by Americans. By
the beginning of April 1918 an estimated 98% of the
total French demand for U.S. machine tools had been
delivered.29 It would be failure to satisfy French
demands for U.S. skilled labor and raw materials,
along with the French decision to increase production
for their own air service, that would preclude sched-
uled delivery of French aircraft and engines as per the
August 1917 agreement to the AEF in 1918.30

These latter failures were coincidental with the
collapse of the British aero-engine program, the
Italian defeat at Caparetto and the withdrawal of
Russia from the war subsequent to the Bolshevik rev-
olution, events all occurring in the autumn of 1917.
This was the same time that the British government
decided to renew its strategic bombing campaign
against the war economy of western Germany.
Despite the inauspicious circumstances, the British
would nevertheless persist and the proximate cause of
both that decision and that persistence was the series
of German long-range bombing raids on Britain
begun in May 1917.

While there was an understanding in Germany
that effective bombing required massed formations of
bomber aircraft,31 it would be engine performance,
not an insufficient number of bombers, that thwarted
initial German plans to bomb Britain in the autumn of
1914.32 The German army’s policy early in the war to
forego the development of high-power aero-engines
in favor of production standardized on the Daimler
and other manufacturers’ six cylinder types led to the
design of German long-range bombers as multi-
engine aircraft, a development reinforced by the
example of Igor Sikorsy’s pre-war and wartime pro-

duction of multi-engine bombers in Russia.33 By the
spring 1916, Daimler-Mercedes had in production the
six cylinder D IVa, its 260 hp output comparable to
the most powerful Rolls-Royce engine at the front
that year, the 275 hp Rolls-Royce Eagle Mark V.
Initial problems with crankshaft failure in test flights
aboard the Gotha G II were followed by successful
performance aboard the Gotha G III, Friedrichshafen
G III and AEG G IV bombers. In March 1917, a
group of twin-engine Gotha G IVs equipped with the
Daimler-Mercedes D IVa began to gather at German
airfields located in Belgium.

Like these other bombers and many other
German service aircraft during the war, the Gotha G
IV was of plywood and steel tube construction. A
pusher biplane with a three man crew and armed with
three machine guns, it carried a maximum bombload
of approximately 1,000 pounds suspended externally.
It had an airspeed of approximately 85 mph and a
range of 522 miles or 6 hours flight time.34 This was a
performance somewhat less than the principal British
twin-engine bomber then in service, the Rolls-Royce
Eagle-equipped Handley-Page 0/100, an aircraft that
would be relegated, like the Gotha G IV, to night
bombardment duty in the autumn of 1917.35

The eight daylight Gotha bomber group raids that
so provoked the British nation were conducted from
May to August of 1917. Launched from airfields
located near Ghent, the approximately 170 mile flight
to London followed a flight path northwestward
across the North Sea and the English Channel to the
southeast coast of England and the mouth of the
Thames estuary. Secondary targets, at a time when the
Germans were conducting a campaign of unrestricted
submarine warfare against Britain, included naval and
maritime installations along the coast and the railroad
stations, docks and munitions factories of London. A
principal objective of these raids was the City of
London, Britain’s financial center. 

The largest bomb used during these daylight raids
was a 50 kg (112 lb) bomb generally considered inca-
pable of damaging an industrial target, an operation
for which the 100 kg (220 lb) bomb was considered
the minimal size. The raids were conducted by groups
of from ten to 22 aircraft, the twin-engine Gothas
each carrying an average bombload varying from
approximately 350 to 660 lb. Lightened of bombs and

Part II: Strategic Bombing – 5. The Channel

40



fuel, they were able to climb to 20,000 feet where
they were generally able to elude the gathering
defense of single-engine British fighters. No German
bomber raiding Britain in 1917-1918 is known to
have been brought down by London ground anti-air-
craft fire. The majority of the total 62 German
bombers lost during this series of day and night raids
was the result of crash landings, particularly at night,
when returning to the Ghent airfields.36

The first leader of the Gotha raids on Britain was
Captain Ernst Brandenburg who after the war would
head the aviation office of the German transportation
ministry where he supervised the development of
German civil and military aviation in the 1920s and
early 1930s.37

Subsequent to the switch to night operations in
August, the Gothas were joined in September by the
Zeppelin-Staaken R (Riesen, Giant) types, a very
large bi-plane bomber aircraft most of which were
powered by four 260 hp Daimler-Mercedes D IVa
engines arranged in tandem pairs driving tractor and
pusher propellers.38 One to five Zeppelin-Staaken R
types participated in ten of the total nineteen night
raids on Britain conducted from August 1917 to May
1918. Similar to the German Luftwaffe’s conclusion
of the London Blitz on April 16, 1941,39 the final
night raid of May 19, 1918, striking at London, Dover
and Faversham, was a maximum effort, 28 Gothas,
three Zeppelin-Staaken R types and two other aircraft
dropping an approximate total of 14 tons.40

On the night of February 16, 1918, a Zeppelin-
Staaken R VI dropped a one ton bomb on London and
safely returned to Belgium along with all four of the
other Zeppelin-Staaken R types which had participat-
ed in the raid. That particular aircraft was powered, as
were two other Zeppelin-Staakens participating in the
night raids on Britain, by tandem pairs of the
Maybach airship engine. These six separate cylinder,
in-line, water-cooled engines, as employed in the
Zeppelin-Staakens, followed the “over-compressed,
over-dimensioned” principle with each engine achiev-
ing an output of 245 hp. Like the NAG airship
engines, the Maybachs had cylinders made up of steel
barrels screwed into separate iron heads. These heads
were flat and held five (two inlet, three exhaust) verti-
cal valves. The water jackets were integral with the
cylinders. Designed in Friedrichshafen and built by

Daimler in the Stuttgart suburb of Cannstatt located
just north of Untertürkheim,41 they were the only
aero-engines to have been successfully employed in
airplanes for the purpose of long-range, strategic
bombing during the First World War which did not
follow the cylinder design of Ferdinand Porsche as
developed in his Austro-Daimler 120 hp aero-engine
of 1911.

The Daimler-Mercedes 260 hp D IVa aero-engine
that powered most of the German bomber raids on
Britain in 1917-1918 did follow the Porsche design,
its well-cooled, thermal efficient cylinder with its
spherical combustion chamber and long piston stroke
operating at a low engine speed providing the fuel
efficiency and endurance required for long distance
flight. The large dimensions of the D IVa, particularly
those of the greater thickness of its forged steel cylin-
der barrel and head, reinforced that durability. The
increase of the D IVa’s output horsepower, principally
achieved by the increase of its cylinder bore to a near
maximum dimension, followed the sequence of suc-
cessful aero-engine development whereby a design of
efficiency and reliability precedes increases of power
output based on that design. One possible exception
to this success in regards the D IVa’s development
may have been the engine’s combination of twin
exhaust valves, one of the D IVa’s principal diver-
gences from the Porsche cylinder design, with the
maximum cylinder bore. The problem of incomplete
combustion inherent in the wide bore, a problem sus-
ceptible to rapid changes of throttle and engine speed,
may have exacerbated the problem of cooling two,
small diameter exhaust valves. These problems may
have also been exacerbated by the placement of the D
IVa’s spark plugs on the same side of the cylinder
head. Engine failure hindered the initial series of day-
time Gotha bomber raids on Britain. Two of the twen-
ty Gothas that were launched on June 13, 1917, failed
to reach England as a result of trouble with the
Daimler-Mercedes D IVa.42

The D IVa’s increase of power to 260 hp, com-
bined with the use of a shiftable overhead camshaft to
provide a low compression setting at take-off, enabled
the twin-engine Gotha IV bomber to lift and carry a
maximum 660 lb bombload over the 170 mile dis-
tance from Ghent to London.43 The D IVa was thus an
aero-engine that balanced its performance specifica-
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tions of efficiency, durability and power so as to meet
the specific requirements of that bombing campaign.
During the maximum distance raids on London, both
engines and aircraft were being employed at some-
thing close to their maximum capability. The night-
time take-off and flight of one bomber was described
by one member of its aircrew as “Mit machtigen
Getöse gehen die Motore auf volle Touren, schwerfäl-
lig und stohnend unter Last setzt sich der schwarze
Riesenvogel in Bewegung…Die Motore brummen
ihren wohlklingenden, tief Bass, lange Feuerschweise
zeichen ihren Weg.”44

The lange Feuerschweise may have been an aid
to navigation during the night flights over the English
Channel. Unable to fly in close formation during the
night raids, each of the Gothas and Zeppelin-Staakens
were launched at five minute intervals45 and thus each
of the night raids on Britain consisted of a series of
single aircraft attacks that on a given target or area
might be prolonged over the course of an hour or
more. It was the sacrifice of some of the Gotha IV’s
airspeed to the requirements of range and bombload
that defined that aircraft as being essentially a night
bomber. The D IVa thus partly determined the moral,
social, political and military implications inherent in
such operations when directed against a metropolitan
area of Europe in the era of the First World War. The
Goerze bombsight employed by the Germans was
essentially a telescope equipped with a level and a set
of prismatic lenses some of which were manually
adjusted by the bombardier allowing him to calculate
the aircraft’s ground speed and thus the bombing
angle over the target.46

The Germans built approximately 1,500 G- and
R-type bombers during the war, many of them
equipped with some of Daimler-Mercedes’ wartime
production of approximately 4,000 D IVa aero-
engines. Beginning in early 1918, many of these air-
craft were used in night bombing operations against
munitions and utilities plants, supply depots, railroad
stations and other targets located in and around Paris,
“especially against the aircraft factories and establish-
ments.” Flying approximately 80 miles from airfields
located behind the German lines in northeast France,
conducted in groups of up to 70 Gotha bombers, the
night raids on Paris would continue intermittently
until mid-September, inflicting casualties comparable

to those inflicted by the German raids on London.
AEF Air Service facilities located at the Le Bourget
airfield on the north side of Paris were forced by
these raids to move south to Orly.47 One witness to
these raids was Brigadier General Charles G. Dawes,
chief of the AEF General Purchasing Board. One
evening in Paris in June 1918, Dawes was standing
near the front window of a room on the fourth floor
of the Ritz Hotel overlooking the Place Vendôme
watching a German air raid when the blast of a bomb
exploding on the Place shattered the window and
knocked Dawes off his feet and into an armchair
halfway across the room. It was the thirtieth German
air raid he had witnessed since arriving in wartime
France.48 The Chicago banker and civic leader and
former U.S. Comptroller of the Currency had played a
critical role in the initiation of wartime American
lending to the Allies prior to our formal entry into the
war.49 He would return to Paris in 1924 to help medi-
ate the German reparations plan that was given his
name, an effort for which he was awarded the 1925
Nobel Peace Prize, and he would later serve as Vice
President of the United States and U.S. Ambassador
to Britain.50

The German bombing operations of 1917-1918
were accompanied by continued German develop-
ments of aero-engines for bombardment aviation.
These developments consisted primarily of the use of
over-dimensioned cylinders or of geared, high-speed
versions of the standard six cylinder types or V-8 or
V-12 types using the same basic cylinder designs. The
German army’s output horsepower specifications for
some of these engines, including some of the six
cylinder types, ranged from 500 to 600 hp. These
developments were to some extent delayed by the
army’s rejection up to the end of 1917 of the V-12
type. None of these aero-engines were put into serial
production prior to the Armistice.51

Shortly after the end of the war, General Ernst
Hoeppner, the commanding officer of the German air
forces, would state that it was the improving British
air defenses, particularly along the coast of England
which included fighter aircraft, anti-aircraft guns, bar-
rage balloons and systems of observation and early
warning, that had determined the German decision to
halt daytime bombing operations against Britain.
General Hoeppner also stated that the purpose of the
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bombing of London was to divert British air forces
away from the front in France, a strategy that was at
least partially successful.52 The “collateral damage” of
thousands of civilians killed and injured and millions
of dollars worth of damage to civilian property were
also consequences of the German bomber raids on
Britain in 1917-1918.53 Dissimilar to events in
Britain, these German raids did not lead to an inde-
pendent German air force or air ministry. But if an
essential element of the definition of strategic bomb-
ing is an intention to destroy enemy economic power,
then the German airplane bombing of Britain of 1917-
1918, despite its sporadic frequency and inevitable
imprecision, may very well be considered to be histo-
ry’s first instance of strategic bombing operations. Its
most important historical significance lies in its
provocation of a British response,54 the first phase of
which began in the autumn of 1917 with the begin-
ning of a strategic bombing campaign conducted by
British and U.S. forces flying from fields in France to
western Germany, to the Rhine and still further.
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6. The Rhine
In Britain, on July 9, 1917, two days after the

second of the two daylight Gotha bomber raids on
London, the British war cabinet was informed by
members of the Munitions Ministry and the Air Board
that increasing rates of aircraft and aero-engine pro-
duction would soon provide a supply in excess of the
immediate needs of the British army and navy. That
evening, in a closed session of the House of
Commons, Prime Minister David Lloyd George
repeated these assertions, stating that there would
soon be sufficient supplies to equip Britain’s aviation
needs for tactical operations at the front, for home
defense, and for independent bombing operations. In
mid-August, an advisory report to the British War
Cabinet by General Jan Christian Smuts recommend-
ed, on the basis of that surplus, the institution of an
independent air force for the purpose of strategic
bombing. It was on a similar basis that the Bolling
mission at that same time recommended to the U.S.
government the equipment of air forces for that same
purpose, a recommendation that emphasized the
potential of night bombardment. By early September,
the British Air Board had received a plan detailing a
strategic bombing campaign against Germany that
specified a number of industrial production targets
including munitions plants.1

In early October 1917, subsequent to a week-long
intensification of the German night-time raids on
London, the British war cabinet decided to order 20
DH-4 day bombers of the British army’s Royal Flying
Corps (RFC) to move to the French airfield at Ochey,
located 12 miles southwest of Nancy behind the
southern sector of the French front in eastern France.
It was the expressed intention of the British govern-
ment that the British DH-4s and other bombers sent to
Ochey in the autumn of 1917 should conduct long-
range bombing raids on German munitions plants as
well as retaliatory raids on German cities. This deci-
sion was part of a larger aviation policy directed at
building an expanded British airpower and it was a
direct result of the German raids on London.2 The
British Ministry of Munitions had assumed the
administration of aviation production in early 1917
and Winston Churchill, appointed to head the
Ministry in July 1917, would be a proponent of this
policy of strategic bombing.3

The Royal Naval Air Service had previously used
the Ochey field as well as other French fields located
further south at Luxeuil-les-Bains during the latter
part of 1916 and early 1917 to conduct long-range
bombing raids. These raids were directed under
French supervision at German airship hangars and
industrial and railway targets in Germany and
German-occupied Lorraine. On October 12, 1916,
French and British aircraft had flown approximately
100 miles northeast from Luxeuil, crossed the Rhine
and attacked the Mauser small arms factory at
Oberndorf located south of Stuttgart. This was the
raid during which the French bomber force suffered
such heavy casualties that as a consequence the
French army general staff decided to call a halt to
daylight bomber raids on Germany. Escorting these
bombers to and from the Rhine were pursuit aircraft
of the Lafayette Escadrille and it was in this service
and during this raid that Escadrille leader Norman
Prince lost his life in an airplane crash.4

The RFC’s 41st Wing organized in the autumn of
1917 at the Ochey airfield consisted of the DH-4-
equipped No. 55 day bombardment squadron as well
as two night bombardment squadrons equipped with
Handley-Page 0/100s and FE 2bs. These were the
same types of bombers employed by the RFC’s six-
teen other bombing squadrons engaged in short-range,
tactical bombing operations in support of the British
army at the front in northern France in the latter part
of 1917. The RFC DH-4s used exterior bomb racks
attached underneath the fuselage and/or lower planes
and when on long range bombing missions carried
one 230 lb or two 112 lb demolition bombs, bombing
from an average altitude of approximately 13,000
feet. This bombload was half that carried by the RFC
DH-4s for short-range, tactical bombing.

The first raid of the renewed bomber offensive
was launched from Ochey during daylight on October
17, 1917, eight (of eleven launched) DH-4s of the No.
55 Squadron, equipped with 270 hp Rolls-Royce
Eagle Mark III aero-engines, flying approximately 60
miles northeastward to Saarbrücken. On this particu-
lar raid, each bomber carried two 112 lb bombs. Of
the sixteen bombs dropped, three struck the targeted
steel foundry in the Saarbrücken suburb of Burbach.5

Eleven days later, a U.S.-built DH-4 equipped with a
315 hp Liberty 12 aero-engine made a first test flight
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at Dayton, Ohio.6

The FE 2b, like the Voisin bomber, was a single-
engine pusher biplane with a metal lattice framework
tail section. The FE 2b was powered by one 160 hp
Beardmore aero-engine the design of which was
based on Beardmore’s pre-war licensed production of
Ferdinand Porsche’s Austro-Daimler engines and the
FE 2b, operating over a tactical radius of up to 80
miles, could carry a 230 lb bomb. It was most often
used in the night operations conducted from the
Nancy airfields against railway facilities serving the
foundries and mills of the Saar. The first commander
the 41st Wing’s FE 2b night bomber squadron was
Major Malcolm Graham Christie. Christie before the
war had studied engineering and worked in manufac-
turing in Germany and he would be severely injured
leading one of these night attacks on German industry
in the autumn of 1917. He would return to Germany
in the 1920s as the British military air attaché and in
the following decade, as a private individual, would
play a key role in alerting the British government to
the build-up of German airpower.7

The DH-4s of No. 55 Squadron continued day-
time raids on industrial, munitions and railway targets
located in the Saar region throughout the fall of 1917.
On Christmas Eve, ten of the squadron’s DH-4s, each
carrying an average bombload of approximately 230
lb, flew 120 miles northeast from a French airfield at
Tantonville, located south of Nancy, and bombed
Mannheim-Ludwigshafen on the Rhine River. Targets
included the Badische Anilin- und Sodafabrik (BASF)
plant in Ludwigshafen on the west bank of the river.
BASF, then and today Germany’s largest chemical
engineering firm, was then engaged in the production
of dyes, fertilizers, explosives and poison gas. This
plant was throughout the war one of the targets most
frequently attacked by French and British long range
bombers. Also attacked was the Heinrich Lanz, AG
factory located across the Rhine in Mannheim. Lanz
was, and continues to be, one of Germany’s leading
manufacturers of tractors and farm machinery and
before the war the firm had been engaged in the
development, production and promotion airship and
airplane engines. It also developed and produced the
wooden framework Schütte-Lanz dirigible airships
used by the German navy during the war and, by the
time of this Christmas Eve 1917 raid, Lanz was

engaged in the production of Zeppelin-Staaken long
range bombers. Other possible targets in Mannheim
would have been Benz & Cie., Germany’s second-
largest manufacturer of aero-engines and the
Rhenania-Motorenfabrik AG, then developing its pro-
duction of the Le Rhône air-cooled rotary aero-
engine.8

This emphasis on industrial and munitions targets
characterized the daytime operations of No. 55
Squadron in its first six months of operations through
March 1918, over half the tonnage dropped by 41st

Wing being directed at such targets, No. 55 Squadron
accounting for over half the Wing’s total flying time.
Included in these objectives were the railroad yards
and iron and steel foundries of the Thionville-Briey
iron ore region of northeastern France, among which
were the railroad yards at Conflans. These raids were
part of French efforts to impose an aerial blockade on
the region by attacking its rail transportation. At this
same time, plans to expand this long-range bombing
force to one of up to 66 squadrons began to be imple-
mented, the French supplying men, equipment and
material to build additional airfields in the Nancy
area.9

On March 10, 1918, eleven of No. 55 Squadron’s
DH-4s, each carrying an approximate bombload of
250 lb, flew 150 miles almost due eastward from the
Tantonville airfield, crossed the Rhine and bombed
Stuttgart, home of the Daimler Motorenwerke as well
Bosch, Germany’s and the world’s leading manufac-
turer of aero-engine magnetos. British bombers would
strike Stuttgart three times in 1918, weather condi-
tions and the failure of the Puma aero-engine forcing
diversion to secondary targets on several other occa-
sions. On May 18, 1918, the day before the final
German bomber group night raid on Britain, six DH-
4s of No. 55 Squadron, fitted with auxiliary fuel
tanks, flew approximately160 miles north-northeast
from Tantonville and dropped nearly 1400 lb on rail-
way and other targets at Cologne.10

Thus, on this latter flight to Cologne over a maxi-
mum distance equivalent to that of the German raids
on London, the single engine DH-4s equipped with
the 270 hp Rolls-Royce Eagle aero-engine each car-
ried an average bombload of approximately 230 lb,
while the twin-engine Gotha G IVs equipped with the
260 hp Daimler-Mercedes D IVa each carried an aver-
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age bombload of approximately 500 lb, the respective
engines both featuring a cylinder of the same basic
design. As one American pilot who flew with
Independent Force Squadron No. 55 in the summer of
1918 shortly thereafter recalled, it was the DH-4s that
“did the extremely long work on towns along and
behind the Rhine, while the D.H.9 squadrons did
work along the Rhine and this side of it, principally
along the Saar valley and the Metz-Thionville-Treves
area. The D.H.4 squadron was able to get to a higher
altitude and more speed, due to the more refined and
higher powered motor, so it was natural that the
longer work should fall on them.”11

As with the Gotha raids on London, these long
range raids on Germany by the Eagle-equipped DH-
4s required a maximum performance by men and
machines and it would be initial failures of the Rolls-
Royce Eagle aero-engine that would most commonly
require a DH-4 to abort its mission, typically one or
two of a dozen DH-4s launched returning to
Tantonville before reaching the target.12 By the time
of the British raid on Cologne in May 1918, the first
U.S.-built DH-4s equipped with 400 hp Liberty 12
aero-engines were undergoing flight tests in France.13

Also in May 1918, two additional day bombard-
ment squadrons joined the British bomber units at
Nancy to form in the following month the British
Independent Force under the command of Brigadier
General Hugh Trenchard and Colonel Cyril Newall.
Both squadrons were equipped with the de Havilland
DH-9 and all of these aircraft were powered by the
220 hp Siddeley-Deasy Puma aero-engine.

In March 1918, just before the beginning of the
German offensive in northern France, the climatic
battle of the First World War, Trenchard had resigned
as Chief of the Air Staff in a dispute with the Air
Minister. In May he accepted an offer to take com-
mand of the new Independent Force,14 an offer made
by the new Air Minister, William Weir, who during
1917 had overseen British aviation production as the
Munitions Ministry’s Controller of Aeronautical
Supplies as well as a member of the Air Board.

The Glasgow manufacturer William Weir was,
like Walter Rathenau, André Michelin and Howard E.
Coffin, a leading industrialist of the era of First World
War who advocated aerial bombardment of the enemy
hinterland. During the war, his firm of G. and J. Weir

produced the FE 2 and throughout 1917 and 1918 he
would demand a sustained campaign of repeated
bombardment against the industrial centers of
Germany. Yet he was also a leading proponent within
the British government of the fundamentally flawed
Dragonfly aero-engine. It was Weir who in July 1917
had informed Lloyd George that British aviation pro-
duction would soon provide a surplus in excess of the
immediate needs of the army and navy. And in
August, with the Puma aero-engine’s problems con-
tinuing, it was Weir who initiated an effort to procure
British and U.S. licensed production of the 250 hp
FIAT A-12 aero-engine to equip the DH-9 day
bomber.15 This was an engine without a future as a
powerplant for long range bomber aircraft.

The water-cooled, in-line six cylinder FIAT A-
12’s cylinder design was a copy of the cylinder in the
Daimler-Mercedes D IVa, save for the differences of
the A-12’s use of a lower compression ratio and an
integral cylinder head and barrel. This latter feature,
combined with a maximum diameter bore and two,
small diameter exhaust valves, failed to provide ade-
quate cylinder cooling and complete fuel-air mixture
combustion when FIAT, the gigantic Italian industrial
concern located at Turin in northern Italy, attempted
to increase the output of this engine to 300 hp with an
increase of compression ratio approaching that used
in the D IVa, an increase that actually degraded the
FIAT engine’s fuel efficiency. Throttling down of 300
hp FIAT A-12 bis aero-engines during landing would
result in engine fires breaking out aboard Caproni and
Voisin bomber aircraft. Nearly half of the entire
Italian wartime aero-engine production would consist
of these two FIAT engines and it was the FIAT A-12
bis that was chosen to equip the tri-engine Caproni
600 biplane bomber upon which the French and
Italians attempted and failed to standardize their long-
range bomber production in the last two years of the
war. The French planned in 1917-1918 to import over
2,000 FIAT A-12s to equip their production of the
Caproni bomber as well as the reconnaissance
Breguet 14A and other aircraft. Colonel Bolling also
placed a tentative order with the Italian government in
September 1917 for 1,500 of the A-12 bis engines to
equip AEF SPAD VIIb and Breguet aircraft. By the
spring of 1918, the AEF Air Service in France had
taken delivery of hundreds of these FIAT engines
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with a total payment of $2.9 million for these engines
being eventually made to the French government.16

In September 1917, following the termination of
U.S. Aircraft Board – Rolls-Royce talks in the United
States, William Weir reported to the British war cabi-
net that “America could not be expected to provide
any early help with regard to long distance bombing.”
In that same month, Colonel Bolling in France cabled
the U.S. War Department that “British have great
need large engines for D.H. 9 and would now take
Renaults and Fiats which I have bought here because
both give good results D.H. 9.” When in November,
British army commander General Douglas Haig
joined General Trenchard in expressing concerns
about the Puma aero-engine, Haig suggesting that the
DH-9 could be re-equipped with the Liberty or a
Rolls-Royce engine, Weir’s reply was that it would be
the Puma in the DH-9 or nothing.17 By the beginning
of December, however, Weir was urgently demanding
the shipment of two dozen Liberty 12 engines to
Europe for flight testing in de Havilland, Breguet and
other aircraft.18 At the end of December, the AEF
demanded that the U.S. War Department “cable
immediately fuel capacity of D H 4. Important.
Question whether D H 9 entirely satisfactory as day
bomber.” In February 1918, Winston Churchill would
make William Weir the official at the Munitions
Ministry directly responsible for the production of
British aero-engines.19

In December 1917, coincident with the collapse
of the British aero-engine program and the beginning
of the British strategic bombing campaign against
Germany, General Trenchard recommended to the
British government the eventual replacement of
British airpower with American airpower in the
equipment, manning and command of that campaign.
In this regard, Trenchard also in December initiated
talks with the AEF Air Service. On Christmas Day,
1917, Pierre-Étienne Flandin, the French politician
and strategic bombing advocate, addressed to French
premier Georges Clemenceau a twelve page memo-
randum that concurred in Trenchard’s recommenda-
tions. On one annotated copy of Flandin’s memoran-
dum, beside a paragraph urging American command
of the bombing campaign against Germany, appears a
marginal, hand-written, single word comment:
“Boum!”20

Within one month of the Puma-equipped DH-9
squadrons’ arrival at Nancy in May 1918, Trenchard
was calling for their re-equipment. The use of the
Puma in long range bombing operations in the last six
months of the war would prove fatal to the squadrons’
men and machines and the Independent Force’s day-
time strategic bombing campaign. Beginning in the
latter part of May, DH-9 daytime bombing missions
were directed at rail and industrial targets in Lorraine,
the Saar and along the Rhine. In the spring of 1918,
with the shift of French bomber forces to tactical
operations, the Independent force's DH-9 daytime
bombing missions were often directed at rail targets
in the iron ore region that had been the object of earli-
er French operations, particularly at the rail yards at
Metz and Thionville. In the summer of 1918, as the
Allies went on the offensive in France, these
Independent Force DH-9 strategic bombing missions
were largely re-directed to tactical operations against
airfields and troop and material concentrations locat-
ed behind the German lines as well as on German air-
fields located east of Nancy on the east bank of the
Rhine. A standard bombload of approximately 230 lb
was carried during these missions and none these
missions exceeded the longest distances flown by the
Eagle-equipped DH-4s of No. 55 Squadron.
Continual problems with cracked cylinder heads,
burned-out exhaust valves and broken valve springs,
all characteristics of poor cylinder cooling, added to
failures in fuel lines as well as damage done by
enemy fire to the Puma’s ventral radiator, combined
to make the Puma a decisive liability in combat.

The arrival of the Puma-equipped DH-9
squadrons at the front in May coincided with that of
the first of hundreds of Fokker D VIIs, a significant
improvement in the quality if not the quantity of the
German air defenses. With aircraft unable to take-off
or forced to abort the mission due to engine problems,
a depleted DH-9 squadron of ten or fewer aircraft
would then be attacked on its way to and from the tar-
get by Fokker and Albatros pursuit formations of up
to forty aircraft, aircraft which had a twenty mile per
hour air speed advantage over the Puma-powered
DH-9. In the summer and fall of 1918, Ernst Udet,
flying Fokker D VIIF fighters powered by the 185 hp
BMW IIIa aero-engine, would lead the defense of
Mannheim and other Rhineland cities against this
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fatally flawed British air offensive and in so doing
chalk up nearly half of his 62 victories. The conse-
quent British losses of men and machines negated the
British success of bringing the Puma to a state of
wartime serial production, the engine’s poor quality
trumping its production quantity, the engine thereby
becoming a critical factor in preventing the British
Independent Force from building up strength suffi-
cient to wage a significant strategic bombing cam-
paign against the war economy of western German in
1918.21

In August 1918, four additional bomber
squadrons joined the Independent Force at the Nancy
airfields bringing the IF’s total bomber strength to its
wartime maximum of nine squadrons. Three of these
new units consisted of twin-engine Handley-Page
0/400 night bombers equipped with the 360 hp Rolls-
Royce Eagle Mark VIII aero-engine. The DH-4s of
No. 55 Squadron were also at this time re-equipped
with the Eagle Mark VIII. It would be the
Independent Force’s night bombardment squadrons
which would account for two-thirds of the 543 total
tons dropped by the Force in the last five months of
the war and the post-war British and U.S. bombing
surveys would both consistently indicate that it was
these night raids that caused the most damage to tar-
gets in Germany, the Handley-Pages dropping bombs
weighing up to 1,650 lb.22

The fourth new squadron to arrive at Nancy in
August 1918, No. 110, was a day bombardment unit
consisting of DH-9As powered not by the Rolls-
Royce Eagle or any other British engine but by the
U.S.-built Liberty 12A. Beginning in mid-August,
this aircraft would be the principal reinforcement of
the Independent Force, 55 of 69 replacement bombers
supplied to the IF in the final months of the war being
DH-9As used to replace No. 110 Squadron’s heavy
losses and to re-equip another of the day bomber
squadrons at the time of the Armistice. Reportedly all
of the DH-9As put into service during the war were
equipped with the Liberty. Some of these engines
may have been provided to the British in the summer
of 1918 by the U.S. Navy. The DH-9A’s installation
of the Liberty in place of the Puma required elimina-
tion of the DH-9’s bomb bay located between the
engine and the pilot’s cockpit. Also, by mid-August,
some U.S.-built DH-4s had also been supplied to the

IF and thus the Liberty 12A may have gone into
front-line, daytime service with the British
Independent Force before the Rolls-Royce Eagle
Mark VIII.

The Liberty aero-engine proved more reliable in
service than the Puma and the Liberty’s 400 hp output
provided the DH-9As with an increased air speed of
123 mph. Fitted with two 50 gallon fuel tanks, the
DH9A had a flight time of over 5 hours.23 Beginning
in September, 1918, Independent Force Squadron No.
110 flew the first of nine combat missions conducted
before the Armistice, five of which were directed at
industrial and rail targets in Germany. On the raids
into Germany, it carried an increased, average
bombload of approximately 300 lb. However, with
poor weather and an increase in German home air
defense fighter squadrons in the last two months of
the war, No. 110 Squadron lost a total of 17 aircraft to
enemy action during the five raids directed at
Mannheim-Ludwigshafen, Frankfurt-am-Main, Trier
and Kaiserlautern.

These losses included some of the seven DH-9As
that failed to return on October 21, 1918, when the
aircraft of No. 110 Squadron, each carrying average
bombload of more than 300 lb and manned by British
and American aircrew, flew 155 miles northeast from
its field at Bettoncourt, located 20 miles south of
Nancy, to attack rail and chemical engineering targets
at Frankfurt. This was the last of the five Independent
Force raids on Frankfurt, three of which were con-
ducted during daytime. One other possible target in
Frankfurt would have been the Oberursel firm, since
1917 part of the holdings of Antony Fokker and
which was one of Germany’s principal manufacturers
of air-cooled rotary aero-engines, some of which
equipped the Fokker tri-plane fighters that had been
flown by Richtofen and his famous Jagdgeschwader
1.24 One of Germany’s leading chemical engineering
firms located near Frankfurt was the Chemische
Fabrik Griesheim (CFG,) then engaged in production
of explosives as well as the synthesis of elektron, the
kaolin clay-based magnesium substitute for duralu-
min. CFG, AEG and the German government had
been the three principal participants in 1917 in the
formation of the Vereinigte Aluminumwerke, a com-
pany which remained the basis of the German alu-
minum industry in the inter-war years. In 1938, when
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German aviation played a decisive role in the dramat-
ic events of that year, the German aluminum industry
would be the world’s largest producer. Before the
First World War, the Chemische Fabrik Griesheim
had also manufactured and exported thousands of
magnetite anodes used in the electrolytic refinery of
ore at the Chuquicamata copper mine in northern
Chile. CFG held the rights to a U.S. patent on these
anodes and when the outbreak of the war prevented
their continued delivery, the owner of Chuquicamata,
M. Guggenheim’s Sons’ Chile Exploration Company,
was forced to seek a substitute which it found in the
cast-iron anodes produced by the Duriron Casting
Company of Dayton, Ohio.25

The Independent Force’s increasing use of the
Liberty aero-engine to conduct its daytime strategic
bombing operations coincided with its employment
beginning in June of 1918 of three dozen bomber
pilots of the AEF Air Service. Reflecting similar loss-
es suffered by the Independent Force’s British air-
crew, half of this American contingent would be
killed, wounded or captured while serving in the
Independent Force. One AEF Air Service pilot would
command Independent Force Squadron No. 104 in the
last weeks of the war and one American veteran of 13
missions with the Independent Force would take com-
mand of one the AEF Air Service bomber squadrons
in September 1918.26

In 1918, over five hundred Americans serving in
three AEF Air Service ground crew squadrons worked
at the British Independent Force air depot at Courban,
located to the west of AEF General headquarters at
Chaumont. These men had been trained at British avi-
ation factories, airfields and air depots in Britain and
began to report for duty at Courban in May 1918.
There they helped to assemble, test, salvage and
repair the aircraft and aero-engines of the Independent
Force, including the IF’s Handley Page and de
Havilland bomber aircraft and Rolls-Royce and
Liberty aero-engines.27

Several dozen AEF Air Service day and night
bomber pilots and observers also received training
and combat experience flying with front-line French
bomber units in 1918, on one occasion some mem-
bers of the U.S. aircrew reportedly participating in “a
low bombing expedition into Germany.” Many of
these men, like the American aviators and ground

crew with the Independent Force, would return to
AEF service in the last months of the war.28
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7. Amanty
Throughout the fall of 1917 and the winter of

1918, the United States continued to send to France
the raw materials and machine tools agreed to in the
August 1917 U.S.-French aviation agreement. The
French supply of aircraft and engines would consti-
tute most of the AEF Air Service equipment deployed
during the war, the service aircraft procurement of
SPAD pursuit, Salmson observation and Breguet
bombers equipped with respectively Hispano-Suiza,
Salmson and Renault aero-engines basically adhering
to the recommendations made by Major William
Mitchell in the spring of 1917. 

The AEF spent over one billion dollars for its
purchases in Europe, a mountain of money for that
era and one that may be best regarded as prelude to
the massive flow of American finance and investment
that was directed to Europe after the war. Included in
the AEF’s expenditures was $139 million for its Air
Service equipment, supplies and construction. This
latter figure included approximately $30 million for
aero-engines and engine spares, almost all of which
were French. By the beginning of April 1918, approx-
imately 1,000 French airplanes and 1,500 French
aero-engines had been delivered to the AEF, most of
which were for training, although these deliveries did
include 20 Breguet 14B2 bombers and 26 Renault
12Fe 300 hp aero-engines. “It was not until May,
1918,” AEF Air Service Chief Brigadier General
Benjamin Foulois would later recall in Congressional
testimony “that we got sufficient raw materials over
there, about 85 percent, to give me enough of a club
to go to them and say, ‘You have got to deliver the
goods to us.’”1

The 300 hp Renault 12Fe also equipped later ver-
sions of the Voisin bomber and this industrial effort
would be directly translated into military power in
1918 when massed formations of French army air
service single- and twin-engine Breguet, Voisin and
Caudron bombers, equipped with Renault and other
engines and carrying loads of fragmentation and other
type bombs, engaged in large-scale, daytime, tactical
bombing operations in direct and devastating support
of the advancing Allied armies in France. One of the
leaders of these French operations in 1918 was
Captain Joseph Vuillemin who two decades later, as
French Chief of Air Staff, would play a key role in

the French government’s policy of appeasement at the
time of the Munich crisis.

These massed units of French bombers, organized
as elements of Colonel Duval’s division aérienne,2

represented a concentrated, maximum effort. By the
end of 1917, delays in the delivery of the Renault
engine were hindering deliveries of the Breguet 14B2
bomber to the French air service.3 One reason for this
delay may have been the continuing need for Renault
to devote its forging capacity to the increasing
demands for other munitions production and the con-
sequent need for the cylinders of the Renault 12Fe,
like those of the Rolls-Royce Eagle, to be machined
out of solid billets of forged steel.4 And, similar to the
situations of Rolls-Royce in Britain and Daimler-
Mercedes in Germany, there would be no wartime
licensed production of Renault aero-engines in
France.5

In the summer of 1918, the French army air serv-
ice front line strength of 2,820 aircraft included 435
day and night bombers. While General Pétain contin-
ued to include strategic bombing in his planning, it
may have been a scarcity of adequate French bomber
aircraft, as well as his determination to use aviation
primarily to support French army ground operations,
that influenced recommendations made by Pétain’s
staff to the French government on May 6, 1917, that
the U.S. government be advised to place an emphasis
on the U.S. production of bomber aircraft.6

In 1918, a secondary mission assigned to the
French bomber formations would be the continued
effort to impose an aerial blockade, described on at
least one occasion as an encirclement, of the
Thionville-Briey iron ore mining region of northeast
France, then occupied by the German army, an area
which served as a principal source of raw materials
production consumed by the German war economy.
This strategic bombing campaign was directed princi-
pally at the region’s railroads. In March 1918, the
German bombardment of the French bomber units’
airfield at Nancy-Malzéville forced those units to
move southwestward to another field at Epiez,
described by one French air unit leader as “a point
particularly chosen and well placed for all offensive
operations against the Briey basin.” During March,
these French bomber units conducted raids on
Conflans and other railroad stations and factories in
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the iron ore region as well as at least one raid on the
BASF plant at Ludwigshafen. At the end of March,
these units moved from Epiez to Champagne where
they supported the French army throughout the spring
and summer of 1918.7 Less than one mile south of
Epiez was another French airfield located at Amanty.

Shortly after the Armistice, an AEF Air Service
bombardment unit commander, dissatisfied with the
de Havilland DH-4 as a bomber, would advise that
the Breguet 14 equipped with a Liberty aero-engine
could prove to be “close to the ideal bombing plane.”
Carrying a 500 lb bombload, the single-engine
Breguet 14B2, featuring a duralumin fuselage frame-
work, had a 2.5 hour flight time with an airspeed of
108 mph at 10,000 feet.8 A Breguet aircraft “complete
with bomb carrier and bomb dropping device” and a
Renault 300 hp engine were among the items includ-
ed in the initial French aviation sample material sent
to the United States in August 1917. Louis Renault
had insisted that his engine be included with the
Clerget, Lorraine-Dietrich and Gnôme engines for
which the U.S. government initially agreed to pay
$100,000 each whether put into production or not. In
July, this arrangement had been endorsed by Major
Bolling who explained in a cable to Washington that
“Renault desires greatly to be included in manufactur-
ers who are to receive one hundred thousand dollars
each and offers send his present three hundred engine
and plans, new engine above four hundred with engi-
neers and technical men to give us all his experience
period While his present three hundred engine will be
superseded if other arrangements are successful it is
highly regarded by both British and French for the
use of Breguet bombing machines period Renault has
a manufacturing establishment that now employs
some twenty-four thousand workmen under condi-
tions manufacture more like those United States than
any other French plant period He is probably most
effective and reliable among French engine makers
and offers unusual opportunity interchange French
experience and advice regarding manufacture aero-
plane engines in the United States comma all of
which he is not only willing but eager to give period
French advise and I strongly recommend that he be
included in French manufacturers receiving recogni-
tion from United States through payment mentioned.”
The deliveries of the Renault 300 hp engines to equip

the AEF Air Service, a procurement that had been
specifically endorsed as early as July 1917 by General
Pershing, would however be delayed due to Renault’s
reliance on the supply of U.S.-built crankshafts and
connecting rods to fulfill this order.9 By the time of
the Armistice, the AEF Air Service had received at
the front just 36 Breguet 14B2 bombers and 117
Breguet 14A2 reconnaissance aircraft.10

Renault’s failure to meet the French and
American demand for its 300 hp engine did not result
in a large supply of Liberty aero-engines to France
during the war. On May 31, 1918, Secretary of War
Baker responded to a request made in Washington by
French High Commissioner André Tardieu for 1,000
Liberty engines with an agreement to deliver 250 by
August 1.11 After the war, General Pershing would
recall a certain reluctance in wartime France to accept
the Liberty, France taking delivery of just 122 Liberty
engines before the Armistice and only after the
Armistice formally agreeing to take delivery of sever-
al thousand Liberty engines and sets of spares, thou-
sands of which were then sold by the French to the
Soviet Union.12 In this particular instance, the Liberty,
intended for use during the war as weapon of strategic
bombing, may be best regarded as having been con-
verted into a trade commodity to help square up the
post-war accounts of the United States and the Allies.

The principal exception to William Mitchell’s
recommendations of French supply to the AEF Air
Service would be the Liberty-powered, U.S.-built
DH-4, this aircraft by the time of the Armistice equip-
ping three of the AEF Air Service’s four front-line
bomber squadrons and nine of its twenty-one front-
line observation squadrons.13 Of the 628 AEF Air
Service DH-4s dispatched to the front in 1918, 329
were equipped for and sent to observation squadrons
and 293 were equipped for and sent to bombardment
squadrons.14 One possible reason why more of these
aircraft were not assigned to day bombardment duty
may have been the failure to deliver all of these air-
craft with bomb suspensions and releases as per AEF
directive: “All DH 4 planes should arrive completely
equipped for carrying American 75 millimeter frag-
mentation bombs and American 100 pound demoli-
tion bombs horizontally under the wings.” As late as
August 1918, the AEF was cabling the War
Department that “Majority of DH 4 planes designed
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for day bombing have arrived without complete bomb
equipment and must be used for reconnaissance.”15

Following the initial recommendations of the
Joint Army Navy Technical Board for U.S. production
of the DH-4, U.S. aviation procurement planning had
followed that of the British, changing in the summer
of 1917 from the DH-4 to the DH-9. In October, the
British government inquired about possible procure-
ment of thousands of U.S.-built DH-9s “complete
with engines.” It was only at the beginning of 1918,
after the failure of the Puma-equipped DH-9 in
Britain had become evident, that U.S. procurement
planning was switched back to the DH-4. As per the
agreement reached in the summer of 1917 between
the British authorities and Colonel Bolling, there
would be no wartime licensing or royalty payments
for the American production of these aircraft or of
Handley Page 0/400 parts sets. The three manufactur-
ers of the DH-4 in the United States were the Dayton-
Wright Airplane Company of Dayton, Ohio, the
Standard Aircraft Corporation of Elizabeth, New
Jersey, a firm controlled by the Mitsui interests of
Japan, and the Fisher Body Corporation of Detroit,
Michigan, Fisher then being the world’s largest pro-
ducer of auto bodies. By January 1918, U.S. procure-
ment plans called for the U.S. production of 8,000
DH-4 airplanes and over 20,000 Liberty 12A aero-
engines. In France in 1918, the DH-4s, all equipped
with the Liberty, were the only U.S.-built aircraft
used by the AEF Army Air Service in front-line com-
bat duty. In the summer of 1918, the DH-9 would be
returned to the U.S. procurement planning with U.S.
production of 9,000 DH-9s called for at the time of
the Armistice.16

The other major bomber production effort in the
United States during the First World War was U.S.
production of another aircraft designed in Britain, the
Standard Aircraft Corporation’s and other manufactur-
ers’ production of the Handley-Page 0/400 night
bomber. In August 1917, Frederick Handley Page had
proposed to Major Bolling a plan for the assembly in
France of U.S.-built parts for this aircraft. In
September, planning for U.S. production called for
1,500 Handley-Pages. However, by January 1918
Britain and the U.S. had agreed on a plan calling for
U.S. production of Handley-Page 0/400 parts to be
followed by shipment to and assembly in Britain. Sets

of parts for approximately one hundred Handley-Page
0/400s were shipped to Britain from the United States
in 1918 but none of these aircraft entered front-line
service with the AEF prior to the Armistice. Assembly
took place at converted factory space formerly
engaged in textile production in the Manchester sub-
urb of Oldham, Winston Churchill’s first House of
Commons constituency.17

This plan had been opposed in the autumn of
1917 by Colonel Bolling who recommended an alter-
native but similar program for the Caproni bomber,
with assembly in France of U.S.-built parts, these tri-
engine biplanes to be powered by the Liberty 12.
Bolling also recommended, and the APB initially
agreed to, the purchase of Italian-built Caproni
bombers to be equipped with FIAT and Isotta-
Fraschini engines.18

The AEF Air Service’s Handley Page bombers
were to be equipped with low-compression Liberty 12
engines, the same type supplied to the U.S. Navy to
equip its seaplanes and flying boats. One possible rea-
son for this may have been an intention to increase
the bombload lift capacity of these Handley Page
landplanes. Also, in February 1918, the AEF notified
the War Department that a tactical radius of 190 miles
would be necessary for the aircraft of its night bom-
bardment program, a capability that was reiterated for
both day and night bombers in October and which
would have placed Germany’s mining and heavy
industry concentration of the Ruhr within striking dis-
tance of AEF Air Service airfields located in the Toul
sector of the western front: “Objectives day and night
are factories, bridges, railroad tracks, trains, shops,
stations, airdromes, rest camps, dumps of all kinds,
troops in all possible formations and all kinds of
transport especially in column on roads…Night
bombing is essentially precision bombing and maxi-
mum accuracy desired.” Planning included an initial
deployment of twelve of a total thirty night bomber
squadrons, each bomber carrying a bombload of up to
one ton consisting of 112, 250 and/or 550 lb high
explosive demolition bombs. In September 1918, the
AEF Air Service ordered 550 radio-direction finding
navigation sets specifically for its Handley Page night
bombers.19
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The AEF Air Service DH-4 day bomber was a
biplane with spruce wood airframe covered with treat-
ed cotton fabric. It was armed with two fixed Marlin
machine-guns for the pilot and one or two flexible
Lewis guns for the observer and carried a standard
bombload of 230 pounds on long range missions.
Powered by a single, 400 hp Liberty 12A aero-engine,
it had an air-speed of 117 mph at 10,000 feet altitude.
Loaded, it required 14 minutes to climb to 10,000
feet.20. By the beginning of August 1918, the AEF
DH-4 was being built with an increased fuel capacity
of 98 gallons and, following consultations with
French engineers at Lorraine-Dietrich, with an
improved version of the French-designed Zenith car-
buretor featuring a fuel jet with an enlarged inner
diameter. The Liberty 12 was able to maintain its spe-
cific fuel consumption of 0.51 lb/bhp/hr, then consid-
ered the standard for a well-cooled aero-engine, at
three-quarters throttle and was thus able to provide
the AEF DH-4 by the summer of 1918 with a flight
time of up to three and three-quarters hours and a tac-
tical radius of approximately 150 miles.21

One of the principal problems arising from put-
ting the large, powerful Liberty into the DH-4 biplane
was the resulting vibration of the DH-4’s spruce
wood framework. At the end of 1918, the U.S. Post
Office would reject the Liberty-equipped DH-4 for
long distance air mail service, its structure reportedly
proving inadequate to carry an 800 lb load from New
York to Chicago.22

The U.S. Marine Corps also employed the DH-4
as a day bomber during the First World War, operat-
ing out of bases at Eastleigh on the southern coast of
England and near Dunkirk on the northern coast of
France. These operations, conducted in conjunction
with units of the British Navy and the RAF, some of
which were also equipped with the DH-4, were
directed principally at German submarine and naval
air bases and activities located along the Belgian and
Dutch coastlines. When, in August 1918, U.S.
Assistant Secretary of the Navy Franklin Roosevelt
visited a U.S. naval air facility at a British airfield
near Dunkirk, he met with the facility’s commanding
officer, Thomas A. Lovett, son of the president of the
Union Pacific Railroad and future U.S. Assistant
Secretary of War for Air during the Second World
War. Roosevelt and Lovett were then anticipating the

arrival of Italian-built Caproni bombers to equip
planned U.S. night bombing operations. Eighteen of
the Capronis did arrive before the Armistice but they
were equipped with FIAT aero-engines.23

The AEF Army DH-4 bombers were used during
the St. Mihiel and Meuse-Argonne offensives to
attack German troop and material concentrations as
well as to bomb railroad centers. Prominent among
this latter category of targets were four of the railroad
yards of the Thionville-Briey iron ore basins. This
vital area had been, up to the end of August 1918, a
major objective of General Pershing’s plans for the
St. Mihiel offensive.24 One of the railroad yards serv-
ing that area, located at Dommary-Baroncourt, was
the target of the first combat bombing mission under-
taken by an AEF Army Air Service bombardment unit
when it was attacked on June 12, 1918, by six
Breguet 14B2 bombers powered by 300 hp Renault
12Fe aero-engines. These aircraft were flown by the
American aircrew of the AEF’s 96th Aero Squadron.
The rail yards at Dommary-Baroncourt were a target
designated not by the AEF Strategical Aviation
Section nor by the AEF General Staff but by the staff
of Allied commander-in-chief General Ferdinand
Foch.25

Before going into combat, the 96th Squadron’s
aircrew and ground crew had had nearly six months
instruction and training in day bombardment and the
Breguet-Renault bomber at the AEF’s 7th Aviation
Instruction Center located at Clermont-Ferrand in
central France, Clermont-Ferrand being also the loca-
tion of Michelin’s main production plant. While some
AEF aircrew received night bombing training in the
U.S., in Britain, in Italy and with the Independent
Force, all of the instruction at Clermont-Ferrand,
instruction that was begun in December 1917, would
be in day bombardment.26 On May 18, 1918, the 96th

had moved to its operational airfield at Amanty to
continue its training prior to its first mission. “At this
same time, through the courtesy of General
Trenchard, Major A. Gray, Commanding Officer of
the British 55th Squadron, I.A.F., came to spend ten
days as an informal adviser to the squadron. He was
able to give many practical hints which were of great
value in our work.”27

All of the thirty-six Breguet 14B2 bombers sup-
plied to the 96th Squadron during the war were built
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by Michelin28 and to the end of the war, the
squadron’s bombers would continue to be equipped
with the Renault engine.29 This supply would be sup-
plemented in the summer and fall of 1918 by approxi-
mately two dozen Breguet 14A2 reconnaissance air-
craft which the squadron’s mechanics modified for
bombardment operations. The 96th Squadron would
continue to operate at the front with the Bregeut until
the end of the war, using a version of the French Vol
du Canard formation during its bombing missions,
the aircrew and ground crew praising the Breguet’s
durability and one mechanic describing the Renault
engine as “splendid.” By the time of the Armistice,
the 96th would account for half the total tonnage
dropped by AEF bomber units.30

In September, three other AEF day bombardment
squadrons, all equipped with the DH-4 powered by
the 400 hp Liberty 12A, would be assigned to front-
line service to form, along with the 96th Squadron, the
First Day Bombardment Group, initially located at
Amanty. The first two of these new squadrons had not
been formed specifically as bomber units. Hastily out-
fitted with bombing equipment on the eve of the St.
Mihiel offensive, the new squadrons were soon com-
mitted to daylight bombing operations during which
they suffered heavy losses. 

Throughout the St. Mihiel and Meuse-Argonne
offensives U.S. First Army Air Service Chief Colonel
William Mitchell would order his forces, including
his AEF bomber squadrons, to concentrate on ground
support operations,31 particularly after an October 16,
1918, conference on that subject with General
Pershing and Pershing’s own conference with
Marshal Foch three days earlier.32 However, one-third
of the approximately 125 total tons of ordnance
dropped exclusively during daylight by AEF Air
Service bombardment squadrons in combat in France
in 1918 would be directed at the Dommary-
Baroncourt, Conflans, Audun-le-Roman and
Longuyon rail yards located on the western side of
the Thionville-Briey iron ore region that also served
the movement of German troops and material.33 Most
of these strategic bombing missions, supplementary to
the French and British efforts to impose an aerial
blockade or encirclement of the region, were conduct-
ed by the 96th Squadron prior to the beginning of the
St Mihiel offensive on September 12. The AEF 

DH-4s also used on some of these raids generally car-
ried a bombload of approximately 230 lb, the maxi-
mum size commonly used being a 112 lb demolition
bomb, the Michelin 155 mm long, and for these DH-4
bombers the maximum tactical radius flown, that
from the Amanty airfield to the Longuyon railroad
yard, was a distance of approximately 60 miles.
Shortly before the Armistice, the commander of the
1st Day bombardment Group identified the primary
mission of day bombardment as “to destroy and har-
rass rear areas of the battle fields, and to attack mili-
tary and industrial objectives beyond the range of
artillery.”34

As with the Daimler-Mercedes D IVa and the
Rolls-Royce Eagle, the Liberty 12A would be a
source of difficulty when first employed for bombing
duty. The AEF DH-4 bomber squadrons would be
hampered by sortie abortions due to engine failure,
typically two or three, and sometimes more, of a
squadron’s DH-4s in their initial weeks of operations
returning to their airfield before bombing the target.35

One of the causes of these failures was the Liberty’s
tendency to overheat when climbing to altitude, a
problem that may have been related to the relatively
thin dimensions of the Liberty cylinder’s head and
barrel. This overheating problem was partially
addressed by radiator and carburetor alterations in the
summer and autumn of 1918.36

Both Britain and France would eventually pay
millions of dollars for thousands of Liberty engines
and both countries would also agree to share in
financing the Liberty’s development costs. Yet, in
September 1918, with the British army on the offen-
sive in northern France, the British Independent Force
continuing its strategic bombing campaign including
its raids into Germany, that campaign continuing to
receive French logistical support, and thousands of
British aircraft in storage due to lack of engines,
Winston Churchill would complain in regards the
Liberty that “A great part of these precious engines on
which the whole of our air offensive bombing pro-
gramme depends has, up to date, been swallowed up
by American aviation.” Shortly after the war, Newton
Baker would recall that he “went to France and
England and I talked to many ministers, and I want to
say that those officials would have traded their guns
or the Houses of Parliament for the Liberty motor.
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Our conversations, no matter on what subject, always
ended when they asked me how many Liberty motors
we could give them and how soon we could send
them over.”37 The British need for the Liberty may
also have played a not insignificant part in the Wilson
Administration’s ability to support General Pershing’s
successful resistance to British efforts to amalgamate
battalions of U.S. troops into British divisions in late
1917 and early 1918, efforts that were at least initially
supported by presidential adviser Edward M. House.
House was the son of a Galveston, Texas, cotton mer-
chant and the Port of Galveston was a principal point
of shipment of U.S. cotton exports, this country’s
leading trade commodity, most of which in the pre-
war years was shipped to Liverpool and the textile
mills of Lancashire and to Bremen, Germany, whence
it was distributed to the textile mills of central
Europe.38

Besides the Liberty aero-engine, Newton Baker
possessed another powerful instrument of American
policy in the year 1918 — our control of much of the
world’s supply of industrial raw materials. By the
beginning of 1918, Allied plans to use an internation-
al control of this trade to control the post-war eco-
nomic life of Germany had been explicitly rejected by
American business interests and the Wilson
Administration.39 This American rejection of Allied
policy did not preclude our own use of a control of
raw materials supply that included our virtual monop-
oly of the world supply of the silver spruce wood
used in Allied airframe construction and that also
extended to other parts of the aviation industries, par-
ticularly the aero-engine industries, of Britain, France
and Italy during the war. As one former member of
both the Joint Army Navy Technical Board and the
Bolling mission would note shortly after the war, “It
was evident that the services which controlled the
allocation of raw materials, could thereby to a large
extent, control the types of machines to be manufac-
tured.”40 One key factor of this American control was
Britain’s total reliance during the war on the United
States for its supply of copper,41 a vital element in the
war’s gigantic production of artillery shells. But an
even more important aspect of this particular form of
American power involved our economic relations
with Germany. 

The United States before, during and after the

war controlled the supply of copper on the world mar-
ket, copper, along with cotton and grain, then being
one of our principal export commodities. As with cot-
ton, over half of our pre-war copper production was
exported and fully half of these copper exports went
to Germany where American copper supplied over
three-quarters of the total yearly German consump-
tion. The principal consumer of this copper was the
German electrical engineering industry, an industry
lead by Siemens and AEG, and which itself supplied
the principal share of the pre-war world electrical
engineering market. This major consumption enabled
the organized, pre-war German buying of American
copper at prices less than those then available in the
United States. One of the First World War’s most
important effects upon the economic history of the
20th Century would be the displacement of Germany
by the United States as the principal supplier in the
world electrical engineering market, a transition facil-
itated by the resumption of U.S. copper exports to
Germany shortly after the war, exports financed not
as before the war by European capital but by Wall
Street.42 The German electrical engineering and utili-
ties industries would subsequently be recipients of
much of the American finance and investment that
flooded into Germany through the Dawes and Young
reparations agreements of the 1920s, agreements prin-
cipally mediated by the chairman of the General
Electric Company, Owen D. Young, a lawyer. This
important chapter in 20th Century financial history
featured substantial sales of German government and
corporate bonds in this country.43

Bernard M. Baruch, the Wall Street speculator
and South Carolinian son of a German immigrant,
had been in charge of the War Industries Board (WIB)
raw materials division since the board’s formation in
the summer of 1917 and he would become chairman
of the board in March 1918. Baruch had made his
first Wall Street fortune in 1901 by successfully short-
selling an attempt by the Rockefeller and other inter-
ests then in control of the Anaconda Copper
Company to corner the world copper market. He
would continue to be associated for a number of years
with the Guggenheim interests which included such
copper holdings as the Kennecott Copper Company.44

After the war, he would head the U.S. delegation to
the Economic Commission of the Paris Peace
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Conference. One of his most notable achievements in
this work was the inclusion in the Treaty of Versailles
of Article 310 which specifically exempted pre-war
U.S.-German manufacturing license agreements from
the Treaty’s general cancellation of such agreements
between Germany and other countries. Article 310
was one of the hundreds of military, naval, aviation,
economic and reparations articles of the Treaty of
Versailles that were agreed to by the U.S. Senate on
October 18, 1921, when the Senate ratified by a vote
of 60 to 18 the U.S. Treaty of Peace with Germany.
This treaty was a major step towards the institution of
our unconditional most favored nation trade policy,
the cornerstone of our modern foreign policy. The
principal architect of the post-war implementation of
this policy was U.S. Secretary of State Charles Evans
Hughes.45

In 1912, during Woodrow Wilson’s first presiden-
tial campaign, Bernard Baruch became a political ally
of Wilson campaign co-chairman William G. McAdoo
who subsequently became Wilson’s Treasury
Secretary and son-in-law. Also supporting the Wilson
campaign in 1912 were two of the leaders of the U.S.
copper industry, Cleveland H. Dodge, vice-president
of Phelps Dodge and Company, and John D. Ryan,
president of the holding company then in control of
the Anaconda Copper Mining Company. These two
companies were based respectively in Arizona and
Montana, states carried by Wilson in the presidential
election in 1912 and, most crucially, in 1916 when
Wilson defeated Charles Evans Hughes in the general
election and when these two states were part of that
victory’s narrow margin added to Wilson’s political
base in the cotton producing and cotton exporting
South. In January 1918, upon the resignation the
chairman of the War Industries Board (WIB,)
Secretary of the Treasury McAdoo recommended
Bernard Baruch to President Wilson as a replacement.
Secretary of War Baker’s recommendation was John
Ryan.

In the early 1890s at Johns Hopkins University in
Baltimore, Newton Baker had studied politics in
classes taught by Woodrow Wilson. Baker a decade
later would become the protégé of and successor to
the Democratic reformist mayor of Cleveland, Ohio,
Tom Johnson, during which time Baker, in his advo-
cacy of government ownership of public utilities,

oversaw the construction of Cleveland’s municipal
electrical power plant. In 1912, at the Democratic
national convention held that year in Baltimore,
Baker played a key role in securing part of the Ohio
delegation’s votes for Wilson. In March 1916, at the
behest of Wilson, Baker resigned his office as the
mayor of Cleveland and went to Washington to
become Secretary of War and supervise the
Administration’s military preparedness program.
Throughout his five years as Secretary of War,
Newton Baker’s principal purpose would be to serve
Woodrow Wilson.

By the time of Baker’s January 1918 recommen-
dation of John Ryan as chairman of the WIB, Ryan
was president of a re-organized Anaconda Copper
Company in which his interests and those of other
owners associated with him had replaced some of the
control previously exercised in the company by the
Rothschild and Rockefeller interests.46 Bernard
Baruch’s appointment to lead the WIB was delayed
until March by public and Congressional criticisms of
the Wilson Administration’s conduct of the war, criti-
cisms which focused on the U.S. aviation program.
Much of this criticism was inadvertently prompted by
Newton Baker and advertently conducted by Colonel
H. H. Arnold, head of the U.S. Army Signal Corps
Aviation Section Aeroplane Division Information
Office and a soldier possessed of fearsome political
skills.47

Also in January, Baruch and Ryan publicly con-
firmed the current price being paid by the U.S. gov-
ernment for refined copper, 23.5 ¢/lb. This price, sub-
sequently increased, guaranteed even to the high cost
producers a substantial profit in return for a maximum
production and the payment of relatively high wages
in the wartime copper industry. This maximum pro-
duction was continued, as with the Liberty aero-
engine production, up to and after the time of the
Armistice when the U.S. government and the U.S.
copper industry would find themselves in possession
of an enormous surplus of the metal.48

In January, the Allied Supreme War Council,
meeting in Paris without the participation of its
American representative, agreed to form an inter-
allied aviation committee. The three purposes of this
committee were the definition of common Allied avi-
ation requirements, the rapid formation of the Allied
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strategic bombing units required for the scientific and
systematic destruction of centers of enemy munitions
production and the preparation of air forces to be
deployed to the eastern Mediterranean. The first
meeting of this committee did not take place until
May.49 In London, in January, as it had been through-
out the latter half of 1917, supplies of copper were
reported to be “very satisfactory” with the listed ingot
ton price at half that for aluminum.50

In February 1918, in Washington, William C.
Potter was appointed to lead the U.S. Army Signal
Corps Aviation Section Equipment Division. Potter
was the only non-family member of the Guggenheim
Bros. firm that had been re-organized in March 1916
and he had worked as an executive in both the
Guggenheims’ American Smelting and Refining
Company (ASARCO) and the Guggenheim
Exploration Company. By 1918, he was chairman of
the Continental Rubber Company of New York and
the Intercontinental Rubber Company and also a
director of the Guaranty Trust Company and the
Guggenheims’ Kennecott Copper Company.51

Also in February, U.S. Army Signal Corps
Colonel Ambrose Monnell, president of the
International Nickel Company, vice president of the
Remington Arms Company and a director at Midvale
Steel, was made head of the AEF Strategical Section
in France and subsequently placed in charge of our
night bombardment program of twin-engine Handley-
Page bombers that were to be equipped with Liberty
aero-engines, a program that Monnell would pattern
upon the British strategic bombing program. Colonel
Bolling in September 1917 had replied to an APB rec-
ommendation that Monnell be sent to France, cabling
“Urgent need business man immediately approve sug-
gestion Ambrose Monnell slight acquaintance with
him but highest reports his qualifications.” General
Foulois later recalled that Monnell’s “knowledge of
big industrial organization and development along
business lines was invaluable in the initial develop-
ment and operation of the main air service depots,
repair, and assembly plants.”52

Formed in 1902 under the auspices of the United
States Steel Corporation and with Monnell as presi-
dent, the International Nickel Company was a consol-
idation of U.S., Canadian and British nickel and cop-
per mines and refineries that was designed to “control

with the Rothschilds…the entire output of nickel of
the world.” By 1918, the International Nickel
Company was also the world’s sole producer of
Monel metal, the copper alloy containing 29% nickel.
Monel was used for the water jackets encasing the
cylinders of the many of the more than 15,000 Curtiss
Aeroplane and Motor Corporation OX, OXX and V
aero-engines produced during the war. Trainer air-
planes equipped with these engines were a vital part
of both the British and American wartime aviation
programs. One of the principal raw material shortages
hindering German wartime aero-engine production
was that of nickel, forcing the Germans to use nickel-
free aero-engine crankshafts in the last two years of
the war.53

In April 1918, Howard E. Coffin resigned as
chairman of the Aircraft Board. In May, Newton
Baker drafted the executive order that named John D.
Ryan to head the newly created Bureau of Aircraft
Production, an organization that replaced the Aircraft
Board. Besides being president of Anaconda, Ryan
was also a director of the American International
Corporation (AIC,) a firm then involved in the supply
of American spruce wood to the American and Allied
aviation industries as well as in the construction of
the Hog Island naval shipyard. AIC would also later
play a key role in the renewal of U.S. copper exports
to Germany and after the war Ryan would become
chairman of the Westinghouse Electric and
Manufacturing Company. Appointed in August 1918
as an Assistant Secretary of War and Director of the
Air Service, Ryan for the remainder of the war would
oversee, as per Newton Baker’s re-organization plan,
not only the activities of the Bureau of Aircraft
Production, managed by William C. Potter, but also
those of the Directorate of Military Aeronautics, an
organization separated from the U.S. Army Signal
Corps and led by Major General William Kenly and
his assistant, Colonel H. H. Arnold.54

In May, the Inter-Allied Aviation Committee held
it its first meeting in Paris. Representatives included
British Royal Air Force commander General
Frederick Sykes and French air service commander
Colonel Maurice Duval. Duval was accompanied by
Lt. Colonel Dhé, an artillery officer designated by
Premier Clemenceau the previous autumn as the head
of the re-instituted Direction de l’Aèronautique in the
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French war ministry. The U.S. representative was
AEF Air Service Chief Brigadier General Benjamin
Foulois, the principal author of the Joint Army Navy
Technical Board report of May 1917 concerning AEF
Air Service equipment procurement. Foulois, in
December 1917, had made a favorable initial
response to General Trenchard’s inquiries as to
American participation in the strategic bombing cam-
paign against Germany. Accompanying Foulois in
May 1918 to the Inter-Allied Aviation Committee
meeting was Colonel Stanley D. Embick, an artillery
officer and member of the Army General Staff who
since September 1917 had also been the Staff’s liai-
son officer to the Aircraft Board in the United States.
Two decades later, as chief of the U.S. Army’s War
Plans Division, Embick would be the principal oppo-
nent within the Army General Staff to this country’s
military involvement and intervention in the events in
Europe leading up to the outbreak of the Second
World War. 

At this first meeting of May 9, General Sykes
confirmed to the Inter-Allied Aviation Committee the
British intentions to proceed with their plans for the
strategic bombing of Germany with the institution of
the Independent Force. Colonel Duval, at a time when
France had offered to the United States a monthly
supply 150 Breguet bombers, repeated an earlier
rejection of French participation, citing as one reason
an insufficient quantity of French bombers. At a sec-
ond meeting, held at Versailles on May 31, General
Foulois would question the British decision to place
Trenchard and the Independent Force under the direc-
tion of officials located in London and Foulois would
concur with the French and Italian representatives
that any inter-allied independent air force ought to be
placed under Allied commander-in-chief General
Ferdinand Foch. Foulois two days earlier had been
relieved as AEF Air Service Chief by Brigadier
General Mason Patrick, a West Point classmate of
General Pershing and an engineering officer with no
previous immediate experience in aviation.55

On May 29, the day he took command of the
AEF Air Service, General Patrick sent a memoran-
dum to the AEF Chief of Staff proposing the estab-
lishment of a night bombardment section and cooper-
ation with the British Independent Force in regards
joint use of the IF air depot at Courban as well as

mutual U.S.-British studies of bombardment ord-
nance, training and target selection. In reply, on June
18, the AEF Chief of Staff demanded that AEF Air
Service bombardment operations maintain their inde-
pendence from the Independent Force, specifically in
regards training and target selection.56 This demand
coincided with General’s Trenchard’s own demands
for his own independent authority when he formally
took command of the IF in early June. It was at this
point that General Patrick turned to Ambrose
Monnell.

On June 28, Patrick named Monnell as chief of
the newly established AEF Air Service Night
Bombardment Section. On July 9 it was Monnell who
signed with General Trenchard an agreement under
which three Air Service squadrons comprising hun-
dreds of AEF Air Service ground crew did assembly
and repair work at the British Independent Force
depot at Courban as described above, this work in
preparation for similar duty in the AEF Air Service
Handley Page night bombardment program. This
agreement was confirmed during Patrick’s conference
with Trenchard on July 26 when the two generals
agreed to designate in the Zone of Advance the
“Location of airdromes used by American squadrons
operating with the Independent Force.” And it would
be Ambrose Monnell who would select the site of the
AEF Air Service Handley Page night bombardment
airfields at Saint-Blin, located approximately 45 miles
southwest of Nancy and 15 miles northeast of the
AEF headquarters at Chaumont.57

By the end of July, of the approximate total of
4,000 Liberty aero-engines produced in the United
States, 620 had been delivered to the British, General
Pershing intervening in the April of 1918 to demand
that, if necessary, delivery to the British be given pri-
ority over that to the AEF, a priority necessitated by
the fact that throughout the four years of the war
Rolls-Royce, Britain’s leading wartime producer,
managed to produce little more than 5,000 aero-
engines, including little more than 3,000 Eagles.58

Foreseeable delays in the delivery of Renault
engines and U.S.-built DH-4s had by early 1918 led
the AEF to inquire if the United States could supply
Liberty engines to equip AEF Breguet aircraft. In
early 1918, the French government and the French
mission in the U.S. stated that Breguet airplanes
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would be available if the AEF had the engines to
equip them. In the spring of 1918, both the War and
Navy Departments agreed to supply the AEF Air
Service with Liberty engines for the specific purpose
of equipping the Breguet aircraft.59 On June 14, by
which time the first AEF bomber squadron equipped
with Renault-powered Breguet 14B2s had begun
combat operations at the front, General Pershing stat-
ed in a cable addressed to the U.S. Army Chief of
Staff in Washington that “I urged strongly the ship-
ment of 225 Liberty engines as they were intended for
use in 150 Breguet type B2 planes, which the French
will place at out disposal as soon as these engines
arrive.” The next day, the AEF, with orders placed to
take delivery of 1,300 Liberty-powered Breguet 14B2
bombers by the end of the year, cabled the War
Department to inquire about the supply of 100, 250
and 500 lb demolition bombs “in view of possible use
of Breguet planes.”60

On July 5, Newton Baker ordered the following
allocation of Liberty engines for the AEF:61

July August September
Breguet Planes for Army 180 300 375
U.S.-built Planes for Army 488 825 1,530
U.S. Navy 543 677 626
during which:
Actual U.S. production62

Liberty engine 1,589 2,297 2,362
DH-4 484 224 757

When Major General W.S. Brancker, the former
British deputy director of military aeronautics, had
visited Washington in early July in regards American
participation in a British program to bomb Berlin
with aircraft launched from airfields in England,
Baker stated that his priority purpose for the U.S. avi-
ation program was the support of the AEF in France.63

By the end of July, with the Allied armies back on the
offensive in France, War Department deliveries of
Liberty engines to the British were stopped and they
would not be resumed until the time of the Armistice,
despite the recommendations of the AEF. Throughout
the last few months of the war, with the British
Independent Force continuing its strategic bombing
campaign against Germany, with that campaign con-
tinuing to receive French construction and logistics
support, and with thousands of British airplanes in

storage due to a lack of aero-engines, the AEF would
repeat its recommendations that the War Department
supply the Liberty to the Allies, the AEF estimating
monthly surpluses of several hundred engines beyond
the immediate requirements of the AEF Air Service.
In August, with a total production by the end of that
month of 6,000 Liberty engines, five times the total
U.S. DH-4 production, the AEF cabled the War
Department urging that approximately half of the
allocation of Liberty production for the balance of the
year be delivered to the Allies and that the same be
done in 1919: “There must be supplied at least 5000
engines which can thus be allocated to our Allies by
31 December 1918…after 1 January 1919 there
should be available for allocation to our Allies not
less than 2000 Liberty engines per month.” In
response, the War Department referred to War
Secretary Baker’s July 5th Liberty allocation directive,
adding “We expect to deliver very few engines to
Allies prior to October 1st.”64

It was U.S. Assistant Secretary of War and
Director of Air Service John D. Ryan who would han-
dle the negotiations with the Allies, negotiations that
included Ryan’s meeting with Winston Churchill, for
the Allies’ procurement of the Liberty aero-engine
when Ryan accompanied Newton Baker to Europe in
August and September 1918. On September 27, with
the stop on War Department Liberty deliveries to the
British still in effect, Ryan made a verbal agreement
with French authorities for the delivery of 1,500
Liberty engines. On September 28, Ryan cabled
Washington, stating “I have decided that after deduct-
ing allotment for the Navy in accordance with present
arrangements all the remaining Liberty 12 engines
must be shipped upon completion to the Air Service
production center…where they will distributed to the
AEF and the French…I will modify this later by
British allotment.” On October 24, by which time
Liberty production designated for delivery to the
British had been resumed in the United States, Ryan,
anticipating the delay until December of assembly in
England of the first AEF Liberty-powered Handley
Page bombers, cabled the AEF Service of Supply:
“Suggest we hold shipment of engines from United
States until 30 days before components are ready for
erection. Important that no engines remain idle. If
engines already shipped for Handley Page will not be
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used for some time, suggest you give them to British
if they can use them now.”65

Newton Baker would later recall that Ryan during
their visit to Europe “was especially interested in air-
craft, and went up to the front where the squadrons
were.” At that time, Ryan had the opportunity to meet
with Brigadier General William Mitchell who later
recalled that Ryan possessed what appeared to
Mitchell to be a superior understanding of the situa-
tion in which both men found themselves. In early
November, one week before the Armistice, United
States Secretary of War Newton Diehl Baker would
write to the U.S. Army Chief of Staff to denounce the
unnecessary bombing of civilian and industrial targets
in enemy countries.66

The AEF Air Service’s strategic and ground sup-
port bombing missions were initially conducted from
the Amanty airfield, a site which thus may properly
be considered to be the birthplace of U.S. strategic
bombing operations. Amanty is a small rural town in
the Meuse department of eastern France located
approximately 35 miles southwest of Nancy and five
miles north of Domrémy-la-Pucelle, the birthplace of
Saint Joan of Arc. On June 12, 1918, British
Independent Force commander Brigadier General
Hugh “Boom” Trenchard was present at the Amanty
airfield when the AEF Air Service began those opera-
tions.67 Six months earlier, when upon the collapse of
the British aero-engine development program General
Trenchard had made proposals to the AEF Air Service
in regards the conduct of strategic bombing opera-
tions against Germany, he had had the opportunity to
meet with one of the principal architects of American
airpower in the 20th Century, the then twenty-six year
old U.S. Army Signal Corps Major Edgar Staley
Gorrell, head of the AEF Air Service Strategical
Section and a native of Baltimore, Maryland, who
earlier in the year had been a member of both the
Joint Army Navy Technical Board and the Bolling
mission and whose post-war statements have been
frequently quoted in the above.68

American planning for long-range strategic
bombing during the First World War had culminated
in Gorrell’s November 28, 1917, “Proposal for
Bombing Campaign,” a plan derived, and for the
most part copied, directly from British and French
plans. Predicting a continuation of the German Gotha

bomber raids on England, Gorrell called for a bomb-
ing campaign directed against German industry “in
order that we may not only wreck Germany’s manu-
facturing centers but wreck them more completely
than she will wreck ours next year.”69 Gorrell’s pro-
posed targets included “the large Mercedes engine
plants and the Bosch magneto factories” located in
Stuttgart as well as other industrial sites in the Ruhr,
the Saar, Mannheim-Ludwigshafen and Frankfurt-am-
Main. As bases for this campaign, Gorrell proposed
airfields near Toul and Souilly. Souilly, the headquar-
ters of General Pétain located on the famed Voie
Sacrée southwest of Verdun, would also serve as
headquarters in the last weeks of the war for
Lieutenant General Pershing and Brigadier General
Mitchell. The distance from Souilly to Mannheim is
150 miles. And to conduct this strategic bombing
campaign Gorrell referred, a month before the first of
the modified airplane production contracts was signed
and more than two months before the first deliveries
were made in the United States, to a possible force of
“two thousand daylight bombarding airplanes of the
DH-4 type.”70

Edgar Gorrell’s “Proposal for Bombing
Campaign” also contains the “shank-of-the-drill”
metaphor, often referred to and cited by historians of
U.S. strategic bombing,71 as well as an identification
of the American proponents of the bombing of
Germany, a group notable for its failure to include the
Administration of President Woodrow Wilson:

By strategical bomb-dropping is meant, in the larger sense
of the word, bomb-dropping against the commercial centers
of Germany. An army may be compared to a drill. The
point of the drill must be strong and must stand up and bear
the brunt of much of the hard work with which it comes
into contact; but unless the shank of the drill is strong and
continually reinforcing the point, the drill will break. So
with the nation in a war of these days, the army is like the
point of the drill and must bear the brunt of constant con-
flict with foreign obstacles; but unless the nation – which
represents the shank of the drill – constantly stands behind
and supplies the necessary aid to the point, the drill will
break and the nation will fail…
The money appropriated by the American Congress was
appropriated with the idea in view of dropping the maxi-
mum tonnage of bombs on German manufacturing centers
and means of transportation, and the American public as
well as American industries and financial purse-strings lend
themselves to this idea and have so lent themselves since
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the beginning of the War. We find America today building
an aerial program with the sole idea of such a campaign
against Germany.72
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Conclusion
The Porsche aircraft engine cylinder largely

determined the nature and extent of the strategic
bombing operations of the First World War. Its most
important development during that war was the his-
toric success of the production of the Liberty aircraft
engine in the United States, a success that converted
technological progress and military purpose into an
instrument of the expansion of American economic
power. Thus, the Liberty engine may be properly con-
sidered as a prototype of the double-edged sword of
expanded trade and strategic bombing with which our
country continues to conduct much of its foreign 
policy.
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