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Thig study on the evolution of alrcraft power-sperated gun turrebs
surveys the major foctors influsnelng the development of aireraft arma-
aenk, the prevailing policies regarding armoment, the basic assumptions
concerning fire power, the organlaantions respomsible for the development
of olrcxeft armament, and ths resources in men, funds, and experience

. avallable te those organizations., 1% is not an englneering study; rather
it ¢ am appraisal of the evolution of power turrets. The development
of fire power pollcy was of eruciml importunce, for once th= concent had
been accepted, there was almosh no limit or the reflnemenis possible.

A

The following ealendar should enahle the reader to follow without
confusion the shifting nomenclature of organizations which appear in the
text:

1919 - 1926 Ingincoring Division, Alr Service, at MeCook
Field with representative in Vashington office.

18 Octobor 1926 Materiel Division, Air Corps established ab
Wright Fleld; Ilalson Section at Washingbon,

. 2 October 1939 Chief, Vateriel Division moved o Washingbon:
Assistant Chief establlshed at \right Field.

9 lMarch 1942 Materlel Divielon, “ashington redesigznated
¥ateriel Command; ¥Wright Pleld office redeslgnated
Materiel Center.

28 Mareh 1943 Washington offlce becsme Astlstant Chief of Alr
Staff, Materiel, linintemance, & Dlastribution
(AC/AS, i2D); Hoteriel Center at Wright Field
redesignated hterlel Conmand.

17-19 July AG/AS, MED redesignated AG/AS, M&S; Office of
1944 Director, lateriel & Services established with
headguurters at Patterson Field, The Director,
¥38 was responsible to AC/AS, M&S, Washington, and
he had jurlsdlection over Alr Service Command, Pat-
. tergon Field and Mnuteriel Command, Wright Field.

81 August 1944  HMateriel Command, Wright Fleld and Alr Service
Command, Patterson Field combined and redesignated
as Air Technieal Sexrvice Command (ATSC) with hesd-
quarters at ‘xlght Field,

Since thia siuwidy 1s concerned primarlliy with the evolubtion of the
. basic principles and earliest woriclng models of alreraft turrets, the
contrivatlons of the Provins Ground Command to subsequent englneering
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‘ refinensnte are not reflected here. The directive of 1 April 18942
astablishing the Proving Ground Comzond a2t Zglin Fleld required that
agency "wlthin the limits of available facllitles and priorities! to
undertake such tests Y“as may be requested by the Comuanding General,

Alr Torces MHauteriel Command," Yot ite primary concern was with tests
from the point of view of the combat crews who would ultimately use the
equldpnent rather than from the technical viewpoint of the Materiel Commangd,
and it soucht repeatedly to avold experimenicl and developmental wori.
Consequently its influence in the initial research phase was minor in

. ecomparicon with that of the Materlel Commard,

It might be noted, however, that of a total of 1,433 service tests
activated a2t Bglin Fleld from 1949 $o0 1 July 1944 by the Proving Ground
Comrand and its prodecessors, 379 dealt with mireraft weapons and related
equipnent., A number of modifications which made the orlginal equipment
sultable for combat use--the 3riges retractable ball turret and Bell
$all turret on the B-17 anpd the Emersom ball turret and Southern Alr-
eraft Corporation tall turret on the 3-24, for example--were recommendef
by the Frovirg Ground Commard.

The chief emmhasls in thig monograrh irs on the research and develop-
ment of those alreraft gun turrets which acteelly sow service in combat,
Bocaune of the inevitable time lag between the first exveorimental models

. and quzntity profuction, mort of the ctory denle withk the yesrs priler
to 1943, 3By that date the basle problems of turret desigm had heen
golved,

The nonograph was prepsred in the ATSC Historieal Office by Capt.
drving B Holley Jr. ERezderes famillar wltk the subjeet matter are
invited to furnieh the Atr Historical Cffice with eriticisms.

¥, 8. W
L BN R ratvi o
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Chapter T
TUAEST GLIGTNHS, 1917-1939
. The French called it a tourelle, the Pritish called it a Scarff

ring, and the Germzns had stlll znother name for it, but all were

siaply variations of the same thing, an ingenious ring wount perfected

in Bagland by L.arrvant Officer Scarff of the Royal llaval Alr uervice,

3y the end of .Jorid .ar I this ring, in one of its several modifications,

was everywhere the accepted standard mounting for flexible aircraft

machine puns, and increzsingly the word Wurret"came inte general usape
. to deseribe it,

The earliest Jorld .ar I turrets usually consisted of circulsr
plywood tracks slotted to carry forked machine-;un sdaplters riding on
hardwood casters. They were cuwbersome and unmenapresble; the wood
warped and bound vwith everr flexing of the aireraft fuselage: and
manipulation, even 2t the lapperd zir speeds of that duy, was complicated
by the fact thet the sunaer never hed enough hands to perform the meny
operations involved in training his puns, The w2 jor objection to these
early turrets, however, grew oub of the difficulties encountered in

. bringing muns to bear on elusive aerial targets. oblecks from above
left the sunner kneeling in his coekpit, while atbacks from below found

hir climbing to his seat to siphb over the nlane's edee,
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The Searff mount, with its adjustable elevation attachuent counter-
valanced by elastic shock cord and its backrest rotation assistor, over-
caue meny of these difficulties. By the end of the war Allied aireraft
were using twin Lewis guns in Ccarff rings perfected sufficiently to
perrit firine & single off-center gun without adverse slewing effect,
and French manufacturers were turning oubt nachined-aluminum turrets
differentiated in type between nose and tail, Dubt even these technical
advances were recognirzed as unsatisfactory at the time of the irmistice,
and cormentators sumning up the lessons of the war were snecific in
their warnings to the future, Officers with war experience repeatedly
stressed two imperative requirements: first, to devise some means for
overcoming the effects of high-speed slipstresms upon flexible guns;
and second, to perfect & satisfactory method of covering the lower
quartersphere behind the tail with protective gunfire,

From the end of the war onward, frmy spokesmen declared that the
high speeds of modern airplanes made manual operation of flexible guns
elrmost: an impossibili’by,l and as early as 1923 a Vrench air officer
from the Centre d‘ilitudes de l'Av'eronautique predicted that the practical
difficulties of constructing « mount to overcome the adverse effecis of
slipstream would lead eventually to electrically operated turret.s.‘?'
These sane analysts were ecuslly emphatic in discussing the second

problen, tail fire coverage., Cne said, "The experiences during the

1. Lecture by H. O, Dussell, 23 Moy 1921, in .F 1ib., D70/71.

2, M"ijreraft Arvwament,™ 22 Lvg, 1923, by Capt. Dagnaux of the Centre
driitudes de 1llieronautique, France {trenslation; hereafter cited
23 Dagneux, "sircraft Armament"), in LF Lib., D70/18.
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‘ latber part of the war have pressed home the need for another type of
flexible zun installation to protect the region beneath the fuselage
and under the tail, During the war this was the favoriie region for
the enemy to sthack i‘rom."3 (thers predicted that 1918 versions of
lower puns sighted from the upper turret by neans of tracers would be
. replaced with remote control systems for tail cone coverage.h
The pabbterns for fulure developument k,md been well defined, but
difficulties in the way of a practical realization of these goals were
far from few. To begin with, Jmerican turret manufacturers had hurried
off to a false start producing ring mounts desicned on earlier single-~
gun versions which were obsclete by the end of the war, american mounts
on DH-4 airplanes arriving in France were found to be inadequate, and
French rounts had to be substituted for them. It was reported that there
was nothing inherently wrong with the imerican products; they sirply were
not strong enourh to bear the weight of twin Lewls guns.
The relatively unlimited productive capacity of imerican menue
facturers was canceled oub either by a lack of up-to-date technical
intelligence or an inebility to maintain a sufficiently flexible modifica-

5

tion systems” It is not surprising that aireraft armament development
dropped back to a walk after the Armistice, The manufacturers most
. likely to produce innovetions were turning out obsclete emquipment at the

end of the war, and exsctly one year after the irnistice only two

3. Lecture by H. 0. hussell, 23 Lay 1921,

Ly Lagnaux, "Aircraft Armament,t

5. Chief, Techs Jec., ..EI' to Dir,, &5, 18 Nove 1918, in V' Lib,,
.- 072,11/33«

L e i s e o kot e s s
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cormercial Firrs were working on sovermment conbtracts in alreraft arma-
ment accessories, Consequently, the burden of development fell almost
inevilably upon the Lir Service's ingineering Division.

gy

Jith respect to the problexn of slipstream, an ALl report of
Hovesber 1918 wvnich deseribed the deficiencies of imerican ring mounts

. was accouprnied by orawings of a French-desirned wind compensator which
was recomrended for production, since only with rreat difficulty could
an ok moer hendle twin Lewis runs ot hiph altitudes and high speeds,
Llthough this recowrzndaticon came from the froat and carried with it
the moral milheatication of corbzt service, the wind compensator was
actually 1little more than an experimental model withoub adequate service
tesbins bo agprove it.7 acting on the recormenaubion, however, the air
Service spent nmost of the next 10 years perfechianz & wind-compensating
mounting ring.

vind cotpensators took meny forws, slthough all were bubt variations
of two basic principles, COne, the wind vaae system, counterbalanced the
affects of slipstrear on the pun wozrles by mountine vanes or radders
projecting froa the coprosite side of the ring. The2 other system, an
crrangement of eprings within the structure of the ring, cttempted to
neutrzlize oll drag on the rins by mechanical tension. Variations on
. these two themes were rebively considered almost down to the very eve

of .orld l.ar IX,

be List of manufacturers producing alrcraft nmsteriel on governmend
. orders, 21 Hov, 1919, in .F Lib., C13/7.
7o Dapgneux, "aircraft srmeaent.”
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Ine preeninent fuactor adversely affecting aireraft armament in the
early 1920's was the for.al adopbion in 1923 of ailrcraft type specifica~
tions, a move toward standardization which led z lleCook Field armament
Lecturer to say: "By this means all design peculiarities incident o
varied menufacturing sources hzve been e'_l.i:n:i.n::ﬂsecl.“8 It is true that a
I . large measure of stendardization was achieved, but the policy of elimi-

nating "design peculiarities" stultified creative development at its
origin, and for a dozen years aireraft mamfacturers showed little or
no ingenuity in offerins novel armament instclliations,

Innovations in filexible punnery seemed anathena to the Air Servies,
5 patenbed power drive subuitted to the service by its inventor was
rajected by the Chief of the srmament lection because it was excessively

. heavy, because it was difficult te maintain in view of its unusual
nunber of parts, and because "It is power driven, which seems unnecessary
in a device to carry machine puns for defensive purposes."9 The power
turret seemed to be zliost sedulously avoided.

To apprecicte offiecial skeptieism of unusuzl ideas, however, it is
important to realize that the ~ir Cervice was aluost constantly besieged
with 2 bizarre array of cetented devices which the inventors confidently
claimed as the source of certain salvation and the solution of all arma-

. ment problens. For example, there was the I'ierce "converging-diverging"

gun mount which, the inventor assured all comers, would trap an attacking

8. "Lirerafi Development since the irmistice,”™ lecture prepared for
AJ Leserve Officers, l'clook Fld,, rev, 6 June 1923, in \F Lib,,
050.02/18,
9 9. Chief, Arm, Sec. to Chief, Mng. Liv., 43, 2 May 1923, U.S, Patent
1,451,197, in 556G 47345
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plane in a cirele of fire when & series of whirling machine guns were
direeted at it in ever lessening concentric cireles. This ballistic
monstrosity was brushed off by the iir Sevvice afber being given a fair
test, but the Navy's Bureau of Crdnance, disbtrustful of the Air Service,
recuested the mechanism for further independent testing.lo
. The years iwrediately following the var produced a pumber of
pabents and inventions pectaining to fiexible punnery, but none was
revolutionary, An Italisn manufacturer offered a three-gun post mount
with a coupensating seating arrangement, & Frenchman patented a remote
control system using pulleys and cables, and an nmerican offered an
inproved wind vane compensniors but none represented really substantial
changes over the technical advances uchisved at the end of world .ar X,
The standard Alr Cervice mount on postwar eguipment was a 26~pound
ring descrived as an "adaptatien of the Inglish Jearff type based upon
previous French types.” It had s compensator desismed to counberbalance
twin Lewis runs, holding ther in eguilibrium against the slipstream for

all ancular positions of the revolving ring throughout a spsed range of

was necessary to move the puns broadside to the slinstream at 100 mph.
Lt 160 riph, 105 pounds were renuired. The compensator spring ond gear
. systen was so arranced that it reached maximen compression when moving

with bhe wind to the t3il and utilized this tenslon to an advantage of

10, Chief, Ludrd to Chief, w., 2 Marc. 1922, in ibid.

M Ed ﬂ'Lf* I
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scne 80 pounds when povine in the opposite direction a~iust the slip-
stream.ll The practical limitations of such s deviec were ohbviocus; but
as long as the probler of flexible gunnery was considered in terms of
foot-rounds required for opurabion rather then essentially one of smooth
tracking snd sighting, the wina compunsator prouwised to be an effective
soluticn to the turrelb problem until alrplane performance climbed con-
sidercbly beyend sir speeds then current,

Zarly in 1923 the Third Lttack Croup at Lelly Field, Teras, sub-
ritbed a lon~, detsiled esuinsent report to the Znwineering Division
proposing variocus irrroverents and supresting linas of development
inspired by the eroup's extensive operational training exercisess Jmong
other iters, the Third sttack Group reported that the service zg u whole
needed & Lurret mount which could be operzated with speed and comfort
inasauch 2s the existing tyne reguired tremendous exertion on the part
of the sunner even Lo move the torret slowly. The group further reported,
confirming esrlier opinions, that experiments ciearly indicated that
remobe mounts depending upon tracer for sighting were a waste of
armunition,

The Tagineering Division at lfelook Field maintained that tracer~
giphted, reactely mounted suns were practicable and revealed that it was
currently considering a 125-1b., motor—driven mount for a flexible ,50-
cal, machine pun. o expenditure order was ever drawn for this in~
stallation, however, so apparently it remained in the discussion stage.

Zvperimeats of this nature were almost inevitably assured of shelving,

1l. .Lrmement, ). Tactical 3School, Longley Fld. course outline, 1924-25,
pe 41, in T Lib., D70/22,

Fea) - .
G AP
iy uh‘.’ e -F
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not so much because of an unprogressive or conservative attitude on
the part of the division, but rather as a result of the limitations of
the day. Ingines of 400 hp curtailed most armament developments to
theoretical projections of installations Mavallable for use should an
airplane ever be evolved carable of carryinc the load.”

The Tngineering Division was enthusiastic about tne Third Attack
Croup's suggestions as a whole, howcver, pointing out to the Chief of
the Lir Jervice that such & repart illustrated the "preat value to the
Tnpineerins Division of the interchanse of resuirements and ideas made
rossible by reports of this noture," and complained that in the past
there had beea too few such reports from tactieal orpunizations sctually
usiang the eguipment developed by the division. "In fact," the division's
indorserent continued, "there has always been a feeling . . . a2t the
Lngineering Division that it was rather difficult to find oub exzcbly
what the service desirea in the way of equipment."la

The difficulties of correlating tactical requirements with Tncineer-
ing Divieion zctivities were further corplicated by the prevailing lack
of skilled sir lervice technicians whose detailed criticisms night be
expected to provide the division with a working basis for perfecting
existing eguipment and plinning novel installations. The Third Attack
Greup cited the nsed for trained arporers and armsment officers and
indicated the diffienlties encountered ia performing sutisfactory service

tests on aruvAment eguipment withoub ther,

12, Chief, Tar, Div,, liclook ¥Fld., to Chief, 45, 30 Uct, 1923, with
corments on flerort of Onerations of Third sttack Group, Kelly Fld.,
in F Lib-, Uszol/u}90 )

N
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Thewhole wroblem of armavent officers was discussed in the Langley
¥ield «ir Lervice Tactieal School in 1924. The schoolfs course outline
held that & good armament officer "like a good eangineer officer should
be alert to aaticipste and avold breakages and faiiures" and should
hive a desire to investipate feilures personally. "Too freguently,”

. the ocubtline candidly proclained, "this latter qualification is over-
looked, and an efficer is rade an crmament officer chiefly because

13 If this blunt statement were

there is nothing else he can do.M
entirely true, it would in itself exrlain the noticeable postwar slump
in flexible gunnery as compared with fixed gunnery.

The primery interest in fixcd gunnery, however, probably grew out
of two rore positive factors. To begin with, the prevailing custom of
usins coumissioned pilots in fixed-pun vursuits and enlisted gunners at
bombardnent flexible-szun positions would almost undoubtedly zlace the
enrtiagis of interest upon fixed runnery. Ceyond this, such attention
to fired purmery was virtually assvred by the accepted poliey of resuir-
ing all armaéent officers at the proup and s~yusdron level to be rated
pilots. The taectical school express2d the prevailing line of thought
in saying, "Cxoerlence his proved thab best results can be obtained
only when this important steff officer has the flyer's point of view,"
. This no one would dispabe, bub the srpgument coatinusd: UFor this

ranson it ie heid tnat the primary gualificutien for a ogaadron or
Group oruoxent Cfficer is that he be a pilot.' IThere wus no widespread

acceptunce of the later practice of courissioning nonpilot flying

13, wmismeat, Ao Tacbical school course oubline, 1924-25.
e 3 3

hon & N rv:;-»I
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personnel for berbardzent duties, and the ferm "flyer" was accepted as
synenymous with pilot, This apathy btoward flexible gunnery is further
substantizted by 3 report in 1927 of aerial sctivities a2t lort Crockett,
where "o very keen interest in fixed gun practice was displayed by the
students of the Jchool Group and only a mild interest in flexible
gunnery.”lh
Another index to the trend of armament interest 1s found in the
armament course et Lefonk Field, which devobed only 9 hours in 1926
to small aras, machine puns, flexible mounts, sights, and sccessories,
and 27 hours to fixed-sun installations.ls The .right Field Iagineer—
ing Jehool apmzarent course petween 1922 and 1930 devoted three-fifths
of the allotted time to borbs ind bowbing, one-fifth the time to the
entire subject of machine guns and machine-gin wounts, and an equal
time to pyrotecnnics! The proclaimed object of the eourse wes tn
instruct the class in standard aireraft armament and "to show the

16

necessity, if any, of iuproving present standard eguiprment,” Flexible
sunnery seened to have becone the Llr Sevvicem's stenchild despite the
lessons of “jorld .ar L.

However, it is importast not to Jose sipght of the limitations of
the doy when considering the evolution of the turret., In 1928 the
Bombardment Doard recomuended the procurement of o new experimental

rodel twin-ensine bonher capable of carrying a 1,200-1b, bomb load and

2 crew of three at a speed of 160 mph in & 150-nile operating radius,

14, Chief, Arri. Er. to Chief, T0J, 29 Jov. 1927, in MG 473.5.

15, M"iiveraft Armament," LeCook Fld. course outline, 1926, in \F
Lib,, L70/20.

16, "irmanent Course Lutline," AC Zng. School, arisht Fld., 1924,
in LT Liba, D70/90.

THIS PAGE Declassified IAW EO12958




This Page Declassified IAW EO12958

ANE (S o ! et ll
ABTHS~54 e bt A e

“ithin the performmuee limitations of such an airplane, the contemporary
arsement develorment dees nobt seem so retarded. The same board thab
made the recommendation mentioned above considered the existing service
ring nount &8 "definitely unsatisfactory' and tending to becone more
usatisfactory vith increasing bomber speeds.

Tve flexible nmounts, the D=6 ring, o variation of the spring compen-
sated type, and the A-3, a post mount with a ball and socket connection,
were developed in the lote 1920's for service testing; but the Sombardment
Brard's report did little more than repeat the old theme: i more
satisfoctory flexible ppun mount is necessary for the purpose of increas-
ing maneuverability of the guns when operated in the slipstream¢“l7 This
annually reiterated plen had reverberations elsewhere,

In 1928 an Crdnsnce Jepartment officer, Capt. (., U. Coupland, who
was to become &ir Oprdnance Cfiicer on General Lrnold's staff in "world
~ar IL, surveyed the aireraft armement problem in an wnpublished magaszine
article which ruestioned the wisdom of the sir Service's over-all concept
of fire power., After Jorld Jur I, Coupland had been chief of the srma-
nevt nrgenization at Liefook Field when aircraft arumment was still an
Urdnance responsibility. uhen the Adlr Gores took over this responsi-
bility, Coupland stayed on as a liasison officer between the ~ir Corps
and the Oranance Department, sna it was in this capacity that he prepared

his article. "Gombardment policy," the article maintained, "gives

secondary consideration to protective armament,! which is bhe "oruly

17. AC Tech, Hpt,, "Armament Eguipnent on Bowbardment Airplanes,”
3 April 1922, in JF Lib., [70/23.
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wilitary phase of aeronautics, end tne actual rersonnel allotted to
carry on the development of this work is extremely small; assistance
from the cousereial world is nepligible; creative interest is needed."

The article was never publiished, The Chief of the Technical Lata
sranch at wright Field, Chio, felt that it was poor publicity for the
Adr Corps. Y"The svbject is not treated in a sywpsthetic tone from
the alrcraft viewnoint; his Lreatment of 4ir Corps armamenl disrogition
is eriticzl," Being eritical wes, of course, exactly what the author
intended, And as a resulb, Vej. Leslie Lachill, Jhief of the ixneri-
meatal Ongineering Lection, ordered the article withheld from publice-
tion and retained for cirewl-tion :<%}n Lke office where, he said, the
guestion of alreraft arncment policy ricntly centereci.lB

Threughout the carly 1930's .cirnt Field persoanel pressed the
search for 2 sabisfacbory zerial pun mount. « number of solubions were
preposoed, some Lo be rejected fiiediately, others to be developed to the
testing stupe. several track -ad track rotary nounts were tried with
varying success; the expedieat of wounting a sincie gun on either side
of an open cockpil was rejected on the basis of excessive weipght, while
ceater post mounts failed beewuse they imposed such & restricted field
of fire, . swivel arm mount vhich pave wide freedom of motion seemed
to offer most promise and was rorked for developuenta

In an attenpt to overcome the evils of slipstrean, 2 machine

manufacturer submitted & workine sanple of a flexivle gun mount driven

lé; "Lireraft armament; Ul.S. Army Developments,” by Cart. Re Cs
Coupland, ord. Lept., Aup. 1929, unpublished srticle, with
correszondence and inds., in WF Lib., D70/91,

N i il e
; .
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by twoe sebs of ranually operabed worms and gears through & wide field
of fire. The . rmament branch tested this apperstus in flipght wibth an
aerial caxmr%which proved that tae cumbersome gear train made it almost
inpossible fur & gunner to track nis target. Tae nount was returned to
the manufacturer, and the Armanent Jranch recommended that "no further
censideration be givea the investipation of remotely controlled flexible
guns."19

Lrmament Branch studies of possible power drives for turrets,
inelnding electric mctors, wind tureines, and engine gear trains, led
to the esncivsion thab a "design of such prineiple could easily be
made! but Many action of a flexible pun dependins upon movement of a
train of vears would be slowed down, and would lose its flexibility to
a measure that it would heudicap the gunner, haumering hin in what
approaches almost instantaneous chanres of position as required of the
gunner in the present stage of aerial gunnery."20

If a solution to the probler of overcoming slinstream was slow in
coming, consideration of protective coverage in the area beneath the
tail was e~ually troucled, Drimarily, this was a cuestion of aireraft

desipn, and arpanent develomuent in bthat respect could not progress

apart from sirversft evolution. As early as 1923 the [landbook on fir-

plane Flexible Gun Lount and Agcessories pointed out that "shooting

through the floor of the cockpit is infiuenced greatly by the design

19, AC Teeh. &Lpt., "Test of flexible pun mount, remoctely cont.roliled,"
11 ¥eb, 1931, ia UF Lib., Doo 12 w/3L05.

20, AC Tech. Hpb., "Study to determine possible zdvantages and develop-
ment of mounting wmachine puns flexibly on various principles of
rounts," 19 Love 1929, in .I 1ib., Doo 12 w/3L70,
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of the airplane; hence it is practicslly impossible to obtain 2 mount
of this type which can be used universally on alrplanes of different
deaign.“zl

The Boubardment Board, considering the Eoeing Xo-9 in June 1931,
noted that the type specifications called for ¢ floor gun, which had
been taken into consideration by Zoeing; but the board felt that since
the under area could be "fairly well covered through depressed fire on
account of the relutively narrow fuselage dirmension together with the
fuct that serious structural difficuities would be enccuntered because
of the monocrque desiyn employed, this idsa was dispensed with.“zz

The floor pun mount of the 1930's generalliy took the form of a
swivel clump wounhed on the eage of a rectangular opening constricting
the ficld of fire %o & relatively limited sone, but experimental work
wos under way ab .right Field projecting several lines of potential
developnent, Une version of a lower gun proposed s sliding seat rount
hungy below the fuselage sad retracted by springs; while znother, a
rotating tank mouat, extended dmetallic cylinder below thie fuselare by
o system of szprinvs »s in the first version with the adaitional feature
of shieldiars the gunner from the slipstream, but only so lone as the
cumer fired aft, It was proposed to agsist the rotation of this mount

23

by raising sumarhore-shaped vanes on one side or tne other.

21, Handbook cn Lirpizne Flexible Gun Lounts and Lcgessories, Lelook
Fld., ove 1923, in 5 1ib., U72.11/25,

22. TRL Laso neb,, 24 Juae 1931, ia Ly lab, File, coedns T1E-9
Contract AC=4537.

23, L Tech. Epb., "Study of cethod of wouating » floor gun in a
bobardreat zirmlsaz,® 10 Dec, 1930, ia F Lib., Doo 12 w/3355,

[ Sy Arnag
. ke L
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Tn 1931 the lateriel Livision was conceraed over the {act that no
extended firing tesi~ | 1 been conducted to debermine the effectiveness
of floor g mounts in covering the lower resr gqusrtersphere. The
diviszion enief resorted Lo the Cnief of tre Alr Corps thet with the
sxcertion of na experinental retrachtable platfors desipned and installed,
. no prest amnuit of developreqt vork had been devoted to the nrajeeb. o

fiurry of indorsenents stirred un by & testines directive, issued after
the Lateriel Livisiea's pessirdstic report, revealed thab the vervice
had eco-paratively 1ittle to offer the !zteriel Livision in the way of
novel or useful suggestions.Qh
Forallel with the trend of developrent in bombardment defensive
fire, and sctunll;” a part of that developrent, was the aquestion of
. transiticn from caliber-.30 to caliber-,50 machine suns, Flans to
utilize the caliber-,50 were conbinuously acvive at right Field but
received & low prioriby "wecause of the urrency of wmore important
develonrent uork."~5 The guarterly test of sirplanes with full military
ejviprent, as reguired by the Jeneral Staff, was to be conducted in 1933
with bombardment airplanes carrying one flexible sireraft machine gun,
caliber-,503, Browiin:, in the rear punner!s cockpit "for esch third
borbardaent cirplane,” but 3t the time there were no availsble flexible
nountbs for flexible 505 and no 57's in stock.26 In 1933 the Lateriel

Uivision listed as standard the -6 ring mount with elevation clasp lock

and azimuth crank and pinion. Similarly classified were all such old

in

2. Cuief, 1D (WF; to J/AC, 6 July 1931, with inds.,/ G 473.5.

9 25, Chief, iD {..') %0 C/ul, with inds., 10 Fareh 1933, in ibid,
26, lero, Chief, ateriel Lisison CSec, to Zxee., .1, 15 Feb, 1933,

in ibid.

153 ‘&\ T2
‘i L‘YJ' 1
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Iype i rinas with elastic exerciser cord elevation counterbalances as

27

resnined in stock, The art and practice of flexible gumiery had
anparently advanced but little in the sir Corps from the time of the
Armistice in 1918,

Any further consideration of Air Corps turret development would
lack perspective without some indication of contemporary Furopean
rolicy and development of boubardment defensive fire power. 4 cursory
survey of airceraft armament trends across the Atlantic reveals that
bunber defense was the subject of much speculation by all the major
powers, znd in some cases extensive developnents had been carried out
with ranufactured items,

In the HJetherlands, Frederick Koolhoven, the aircraft manufacturer
of Rijswijk, was ouite certain thot he had a revolutionary invention at
his disposal when, in 1927, he filed 2 patent for an aireraft gun
"rotutebly mounted 2nd revolnble by weens of a source of mechanical
energy controlled by the gunner,” a turret said to be capable of rota-
tion in azimuth speeds up to 120" per second at an indicated airspeed
of 160 mphe This confident inventor had not actually perfected his
claim, but offered numerous solutions for the problem of a power drive,
including & suggested propeller-driven flywheel eguipped with a friction-
clutch power take-off, & battery-supplied electric drive, 2 hydraulic
drive operating from a hand-rumped accumulator pressure » and a whole

. . . 28
series of pneumatic and gear trzin power systems, foolhovents

27. LI, "Stocklist of Aireraft Combab laterials.®
2&. escr:.pt:.on of hioolhoven liechanical Turret,"” by U. S. Lilitary
ittaché, France, Fpte 13,122w., 14 Uee. 1927, P 1ib., D72.11/57.

4 nn—;\lr-.- r:nir Y
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A truck and track type flexible mount for & singie
¢el. .30 machins gun. Wwhen the handle is pulled

away from the box, a cam releases a locking mechanism,
allosing the post mount to be re~positionsd on

the senicircular track., 1932,
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inventions guite cbviously represented little more than drawing board
wonders, but at the same time they did msrk the trend of Zuropean
interesb, The 1927 Koolhoven pubent conceived of the power turret as
& rotating unit (gans, gunner, and mount), in contrast to the assisted
motion flexible mount concept which prersisted in many cases until the
eve of the second lLorld 'are

In Fraance turret development seemed to have progressed but little
since World Jor I, lodified Scarff rines remained in use until the
middle 1930's, when plastic domes appeared au windshields, lany exneri-
mental dome shapes were bried: the sirple hemisphere such as that mounted
on the Bloch-200, or the rushroom type of the Pohez-54, whose jubling
edge permitted an increased downfire angle, Progress in dome develop-
ment was delzyed for a leng time by the persistent use of twin Lewis
guns, but the perfection of a relisble Srowning permitted domes to
develop with a sminele pun slot which could be sealed against the slip-
stream,

Early Britich experiments in sealing by Hendley-Page favored
zipper slot covers; but the trend of the future appeared with the
Iialian tri-motor borbers, whieh solved the problem by mounting twin
guns on either side of the turret, with the gunner sighlbing through a
panel. bebween them, This, of course, raised the problem of optical
distortions in sishting throurh the dome, but it offered z marked
improvement over British unsealed dome slots, vhich reguired nose
gunners to wear goggles and face masks for protection against the

blast inside the dome,” 9

29. "ine frobleu of J.J.rcra.ft Aymaement " in L'ierophile, trum.;lat:.cn
by UeSe lilitary btache for Adr, I’r‘.nce, 23 Lct, 1936, F

I..lb-, D?O/lll?’ LTI
e S e
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. Freach aireraft armament in zctual oractice lagped far behind
French invention. In the 1930's patents were issued by the French
Governrent on 2 wide roare of grmement controls. In 1935 the Freach
iotehlriss Conpony patented core electrice and hydrauvlic serve run cone
trols., In 1936 a ll. uimedn patevted 2n electrically driven lower bzll

. turret with the mnner in an “epbrye" positlion., Tne sume putent covered
the principles of z device to corpensste for parallex in burrels reuste
frori the sirhbing sta’cion.Bo In 1932 o Freach prteant was issued on
renote coatrol systens employing vacuwe tube cirenits for position
control by usse of the halanced fisld principle utilized in Fhyratron
control systeus; but despite the faet that such advanced prineiples of
control were aviilable, 'rench bowbers continued te oprear with turrets

. little bebter than modifications of 1918 versions.

One representative [rench aviation publieztion, L'aeroprhile,
suprested in 1936: ".e way some day ses a lone cunner stationed in an
isolated turret directing automatically and at long range! the fire
of several guns. "Is it too nremature to think of it," is it "really
ridiculous as grme have written"s the publiecation asked. This suszestion
would seer to lndicate, in the light of future developments, spectacularly
lons-range vision, The swre nublication supgested that turrets night

. eventuslly disappear entirely us the increasing speed of bombers re-

stricted pursuit attack close to the bomberts axis of flight.Bl

30, Freach Patents: Hotehdss, 789,778, 6 Hov, 1935; cnd Sismens,
800,959, 23 July 1936.
_‘ 31, "rhe Problem of Aireraft .rmament,” in L'iercophils, pp. £, 11,

(]

*oae vt TR yan
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. In Sermany, the lmericen Mlilitary ittache for air reported in 1935
that German flexible mun mounts followed the universal standard of hoop
rings aad soring compeasutors, but provided a web sliar seat and wooden
floor track to increase the gunner'es maneuverability, The attaché even
went so far as to suggest thet the German Air Linistry might be approached
. in an effort to buy a sample for test at .right Fielci.3 2
A German writer, Fritz Hohm, reviewing the question of flexible
gunners up to 1935 in 2 lengthy study on circraft armament, indicated a
thorourh understandineg of the difficulties encountersd in {lexible gun
operation under high corbat aircrafb accelerationsBB which mede it next

to imnossible for a gunner to rise from his seat in a repidly maneuver—

ing plama.yP Wevertheless, Gerrman aircraft designs reflected little
. inberest in power turrets, although the Jiemens Company procured a

35

French patent in 1938 on an electric—drive nose turret,

In 1930 Gianni Caproni., the Italian aeronaubicel engineer, secured
a Eritish patent on the idea of defendins bombers with a combination of
top, tail, and lower retractable turrebs.36 This was no drawing board

dream. The Italizn Caproni Cz-~73 and Ca~7hL bombers were egjuipped with

e

32. H“iircraflt fxmament and Lecessories,” by U,2, ldlitary ittache
for air, Cermany, ipt. 14,384, 6 Dec. 1935, in LF Lib., 022,311/1.

33. "icceleration® is a concepht broader than "speed™; it covers not

. only mph, but alsco the implications of gravity loads, the bane of

hand-held punnery.

3he Die .affen der luftstreitkreefie, Fritz lichum, 1935, translation
by 30 Giry, phe 2325, in ur Iib., D70/113.

35, French Patent: Sierens, 836,197, 5 Lpvil 1938, D3See also Leubscher
Tugzeurbau Handbuch der Luitfabritechnik, 1939, transiation by
A7) E..Pj, 16 July 1940, pos 255-75, in wr Libe, D70/142.

36, Tmited Hinpdom alent: Caproni, 335,449, 25 sep. 1930

—
el JU AP
B e
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uppsr ond lovier enclosed turrets, durslumin framework structures covered
with celone sheets, The lover turrehbs were retractable and eapable of
azimuth rotation with & hend-crank chain snd sprocket drive. The Ereda
t=20 and Caproni (a=90 also sported manually operated turrets.37

Ey 1937 the .uzerican lilitary Atbtache for 4ir in Ttaly reported
aavanced zodels of power turrets in zctual use on the majority of
Italisn sircraft. sarlier experiments with electrical drives geve way
in fovor of hydraulic systurs with smoother tracking and an apprsciable
decrease in operating laz, Zwven the Caproni Ca-134 two-place observa-
tion plane carried a single~mun hydravlic turreb, and experimental work
was reported under way on hydraulic remote syste.s for position control
of zoveral guns frea one sighting station.ss Zuch develorments, further-
rmore, were not confined to a single manufacturer., The breda De-ob attack
plane earried & hydreulic upper as did the Fiut 3-1i-320 bomber, which was
reported as "in productiont in Locexber 1937, Tne Flapgio P-32 uand th;
Jucchi Me=99 vere ecquipped with turrets providing hydraulic power for
azirutn rotation 0nly.39 Tne imperisl venbure in .thiopia had certainly
not retarded Itelian alreraft arpveuent,

It would be & wistake, houcrer, to assume that pouer turrets were
being developed oalv in countries at war or under threat of war, =8

- L] !
early a3 19306 tn k.erican llaval Avtache reported from Sweden thati

37. Uree gaehine pun pounts used in Italy, ete.," by Ued. sizval
httacnb, Itcly, hpt. 431, 31 Dec, 1930, in .F Lib., D72.11/71.

32, Wirief Jummary of Italian idreralt Arramett,® by Ulle Military
Attachb for Air, Ttaly, Lpt. 16,328, 23 Hov. 1937, in \F Lib.,
D70/123,

39, H"oetailed [eport onAmeoment Installations in Itulian Aireraft,”
by U.3. Lilitary Attaché for [ir, Italy, Hpt. 16,366, 14 Dec.
1937, in ¥ Lib., D70/12L4, :

R e
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. Sofors had devised & turret which the attach® considered unigue in that
it moved both in azimuth end elevaticn under hydraunlic pressure generated
by a purp similur in principle to a \.aterbury tool gear pump. 4 stiek
control on a four-way hydraulic valve pave sinultaneous aziruth and

elevation tracking.l‘o

. In no country in Zurope, perhaps, was so much activity displayed
in the field of aircraft armament as in Zngland, At the end of ‘.orld
iar I the Searff riny was in ibts sixth model, but far rmore important
than the ring itself was the British application of flexible punnery
theory. although the Iussian Sikorsky boaber was the Lirst to locate
a Jearff mount behind the tail, the British scon zdopted the plan on
the Handley—-Yare T/1500 and laid the precedent for future British bomber

. arparent trends. The 1922 Vickers Virpinia and others, such as the
siddeley heavy bo-ber and the (Hingston flying boat, tried variocus
systems of nacelle gun mounts, but the Handley~Page precedent won out.

In 1930 the Eristol hLercplane Conpany produced a bird-cage turret,
o glass-enclosed upper dorte mounting a sinrfle mun, manually rotated,
and initiated the lons course of turret development. In 1932 Eristol
experimented with electric turret drives for nose tnd tail turrets
but never perfected them becsuse the friction-disc speed control in-

. corporated in this design gave jerky tracking motion, The 1934 Dristol
frmy-Sooperation airplane was equipped with a hydrautic semiturret, or

piston jaek training assistor, vhich led the Bristol Company to utilize

40, ".evelopment by Dofors Company,™ by U.5. aval At‘haché, Sweden,
9 Rpt. B~725, 2 Dec, 1936, in .F Lib,, D72,11/89. See zlso United
Yinrdom Patents fofors, 429,202, 21 July 1932,

T N o
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. hydrenlic drives in the 1935 DGristol 3orbay transport-bomber nose turret
and in the 1935 Bristol Slenheim upper furret, in airplanes which intro-
i1

duced the succession of .orld .ar IT Bristol zirerafti.

Larly in the 1990's Vickers pubt twin Browninegs in nose, tall, and

vpper posibions on bhe original Jellinrton borber, and arvstrong tried
. gingle cun turrets in the nose znd tail of the hitley, but neither
proved sabisfactory. In point of time, the British rvower turret anpeared
first on the 1934 twia-engine, biplane, Cverstrand bomber, which was
eduipped with o Bowlbon-Paul single Lewis-pun nose turret driven by
corpressed ailr, a system which permitted only linited periods of ma-
neuvering with freguent rests for recharging the carpressed air
c;flinciers.l‘;2
. Power turret dsvelonment eppeared in Fagland almost overnight. In
1933 Vickers obtained a2 United Finpgdom patent on a retractable manual
mount, a product scarcely divorced from the Searff ring tradition, and
the very next yesar a menuiacturing concern, Petters, I4d., took a United
Kingdom patent on o hydreulic nose turret with o friction-disc speed
control for use by a hombardier defending the nose position of a }:acm’!::er.l"3
Potent applicuations in the United 3tates and Europe during the 10

years preceding the cutbreak of l.orld "ar IT showed no end of fertile

. imasination in the conception of fire control systems; but while others

41, United Lingdot Patents: sristol, 545,459, 22 Feb, 1938, 510,538,
30 Cebas 1937, and 514,551, 9 Hov. 1936,
k2. L. .. Dourden, “iireraft Crn Turrets, the Development of Lritish
Types for rerisl CGrdaance,” in apmy Grdnance, lLarch-april 1944,
pn, 303ff,
‘ 43. United Iinrdom Fotents: Vieckers, 387,346, 1 Feb, 1933; and Fetters,
13.36,071, 10 Sep. 1934,
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were patenting plans for projected mechanisrs, Lritish concerns were
seeuring patents on tazsic units already in process of manvfacture, In
1933 Boulton-Taul tock a United Kinsdem patent on @ rotation axis bear-
ing system for nose and tail turrebs, evoiding the necessity of tooling
the difficult znd intricate ring rear utilized in most turrets. & combi-
nation hydraulie gland and slip ring assebly pateal offered to interested
inguirers & certaln index of the trend in Eritish turret development in
1934, vhen Zoulton-Paul secured & pabent perfecting 2 turret princinle
evolved eariier by Apsstrong- hitworth.

Tne Hrmstrongs,hitworth patent coversd z turret ring which mounbted
& single flewible gun on a ring rount in & balleshaped turret, The
machine pun was so mounted that it was allowed & certain limit of free
motion, novement beyond which closed an electric circult and rotated
the turret in tae direction of training. 4 four-way swibch made it
possible to rotale in hoth divections for elevation as well as awimuths
boulton=-Favl vtilized hydravliic valves instead of electrie contacts,
Tne valves were spring-loaded to return sutomatically to neutral with
serew adjvsteent of the valve 4o "find" the correct neutral. In cone
trast to the electric version, the hydraulic turret provided speed
variations which were gimple funetions of the depree of displacenent
In the control walve,

The contrast between DBritish and imerican borber defensive develop-

nents care into momentary focus ia 1937 when the air lLinistry resvested

Li., United uincden Fabenbs: Lrrsbreag-.hibworth, 429,061, 27 Jan,
1934 Bulton-iaut, 431,71k, 6 Teb. 1934, 436,059, 25 Jan. 1934,
und 435,185, 23 Cet. 193k

[ TR wiray
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detziled inforsntion of reported srmpican turret develomments in return
for release of lritish tecnnical information. The liateriel Livision
suggested an exchsnre in sore nbher field inasmuch as no speeific
solubim to the turret problen had been remehed in the Uaifted Jtates.
Whicn bhie Sritish insisted, throe drwringes of tne Glewn L. lartin B-10
mamaal nose turret wore released.hs
wuspite thie fact that luropean developmoat was generally far
advanced over .ir Corps nractice in flexible punnery enuipment, the
4ir Corrs repeabedly denied perrmission to eireraft usonufacturers in
the United Utates to export plenes with near-standerd ring or post
mounts.hé Lpnerently conbewporary policy believed it wiser to prevent
foreim nations from procuring obsolescent armement esudionent than do
faver and foster wun apgressive asd successful aircraft armament industry
in the United States by encouragin~ sales abroad to warring nations,

In order to evaluat%‘fir Corps’ principles of fire power, it is
necessary to visualize bhe treand of Juropean development not only in
terns of experimental projects in the turret field, wut of the bowbers
actually developed as well, In 1935, according to o German survey of
Turosgan bombardrent aivereft, the six-engine Italian Caproni Je=90 ¥
carried six guns in five erplacewents, includings walst windows and
lover turrets. 7The French DLriquet 273 recomnaissance airplane perfected

the slenderized fuselzpe technicue so favored by the Germans to improve

L5, liemo, Chief, Inforrmacion wiv., AC to Chief, 3D (WF), 3 iug. 1937,
in Aroe Lab, File, Lachine Gun Lounts 1937. Sse aiso 840 47345,
reference 3 Jep. 1937,

.
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tail cone fire coverape, The previously mentioned Loulton-Faul biplene,
tue Overstrand bomber, carried both an upper and a lower retractable
turret. Twin-gan upper turrets with 1,000 rounds for each gun and
twin-mun lowers with 00 rounds per gun were cibed as accepteble in-

4
stallations, + tireraft srmerent in the United States, evaluated

. against the backeround of the foreign developrients represented by

these installabtions, is discussed belows

47, lohm, Die yoffen der Luftstreitkraefte, pn. 33-43, 298-301,

R SR Y "
! Y"T IWF:’*‘:T
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Chapter 11

FLLEAADUENT DoFilsl FOLICT, 1932-1939

. fny study of power-cperated pun burrcts for aireraft would be
inadequate if it were lindted to the purcly technical aspects of the

apparatus without reference to 211 those nonengineering factors which

have been so inportant in the evolution of aircraft armament policy.
Bomberdment armement practice, the ,.right Field orgenization and
facilities, end the kasic sssumpbtions regarding fire power expressed
officiclly in the years imrediately preceding the outbreak of L.orld
. var IT din 1939--all these cre matters of imrediate concern in any
ebttemnlt to understand the evolufion of rower turrets in the Army Air
Forces,
In 1932 a forward-thinking Srrbardment Zoard recommended thab
the entire bombardment directive be rewritten to bring bomber design
into closer hammony with the reslities of existing requiremeqts. The
board, including among its mexbers such rien as Yaje J. T Lelizrney,
Kaje Card Spactzm, 1.aje He A, Larsue, and Lt. J. . Lzlker, all of whom
laber became penersl officers in lorld or II, considered that aay such
. revision would reguire & clear conception of the air force mission and
the fuaction of bowbzrarent aviation in its relation to that wission.

The board's report expressed itself emphatically: “Uestruction of the

@ 2%

0{8‘;%-.‘.“,_ Rl e 1
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. eneny! s means with which to wage war—primarily the mission of bombard-
ment~-is of przramount imrortance," and "the primary mission of the Air
Yorce 1s o drive home the bonbardrent attack.® This concept, rele—
gabing all other aerial functions to positions supplementary to borhard-

ment, inevitably brourht Lhe cuestion of defensive armament to tne fore,

. The board!s report initiated u questionnaire for cireulation through
the Jdr Corps to esarner opinions fto mateh the board!s own sucerestion
tnat turrets be acvised for twin suns fore and aft, esach gun to carry
6L0 rounds of wwmunibion, while some form of lower turret or nacelle
gun be devised to cover the sectors below zad in the rear so bhat biind
areas «icht be lindted "as wueh as po.»s:LbJ.e."l

Jiestionnaires disseminzbed throuchoul the Lir Corps on fields of

. fire, types of nounto, enclosurcs, «nd calikver of ~ins were returned te

ri~ht Fledd with o virleby of conwents, the najority of which reiterated
the need for turret enclosures. Iflone, however, mentioned the need for
nowEr draves. s L.azley Field officer evea went so fir as to favor
abandonine the caliber-,50 eatively for sope smuller caliber such as
«25, believing that "eclouds, bad westher, and darkness should offer the
rrestest protection.”

ithe resultes of the oninionesaredling survey were se difficult to

. correlate that the aruswment 3ranch at Lrirkt :isld preferred to depead
upon i smell board of comupetent officers rather than a seneral survey.

It was reco.nended Lhat the rosulbs of te avmsment quegstioansire be

1. LQ bonrd froceedings on =797, 1 Lov, 1932, dn aluo 33447, See
. slsn Lruas Uoard Rub., 11 Cete 1923, in AMG Sulk files.

DAY
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. Mheld pendias the issuance of anew developments in machine gun mounts
and cceessories abt which tine & board be convened Lo sdjudge their
merits and render susrestions for fubture iwproverznis.”

The difficulties atbtendant upon the developrent of aircraft arma-
ment were magnified by the fact that the structure of the organization

. charged with responsibility for the perfection of thls armarent was

itself in a stabe of svoluticn., Ine exipencievs of routine reguirezents

coopled with a conbinuous turnover of persoanel prevented or at leasth
delaved the forumulation of corprehsnsive policies regarding the procedure
to be followed in correlating serviee needs with orizht Pield experi-
mental aetivity, and foreipgn develonments with sir Corps practice.

In 1935 the [ rmament Dranch was conscious of these limitations,

. Reviewing the current status of armucent projects, the branch reported
that developnent had been “rastrietéd to ivprovement in desion of
specific itenst and little attention had been piven to whether or not
the items of eguiprent, even in the improved condition, were "adejuste
tn acenpplish tactical functions" as revised by the performance of
wodern airplenes. The imperstive need for o definite line of develop~
ment and a clearer grasn of the necessity for evolving procedures within
the Armament Dronch had been recognized by the liateriel Division ever

. sinece Qeneral «rmold!s renorts frow L'arch Field in dovember and Dacember
193L, vhen the whole subject of the tactiesl employment of bombardment

aireraft was thrown open to cuestion, However, any plans for extensive

2¢ AC Tech. Lpt,, "Guan Lounting Arrangements,” 10 april 1935, in
. WF Lib,, Des 12 w/LO61.

) - ,‘ii'{U)L' ) E@"
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experimental prosrams vhich the irrawent Lranch may have entertained at
the time were necessurily pared to suit the funds available,

In 1935 the budget prepared for the new fiscel year allocated
+55,000 to the entire experimentsal znd service test armement program.

The irmanent Braach felt that 100,000 would be required to carry out

aa adegnate and nepressive experimental prograd. This serious restriction
potwithstanding, the L ateriel Livision believed that substantial progress
wipht be made "provided cpprovel can be obbained to proceed along some
definite line until experience . . » dictates revision."3 The Lateriel
Livision us » whole realized that the lack of 2 clearly defined program
of develo.uent hed seriously irpaired the normal evolution of aireraft
armament. ‘

s conference of air Corps and Ordnance ucgartment offielals at
Aberdeen FProving Cround in 1937 revealed that the Air Corps itself was
far from satisfied with the status of armanent development, 4n officer
representing Langley [tield expressed this copinion most forecefully. Since
1930, he pointed out, the airplane had roughly doubled its speed, its
size, und its bomb load, Wut "the arwswent has remzined the same, The
point of view hes been held that increased fire power is noi only logical
but exigent in this development, The feeling of the tactical units has
been tnet the . . « installation of guns has not kept pace with the basic
develonment.! Lven in the current model 3-17 and 2-18 boubers, the "fire

conlval systen is practicelly the swie as it was at least ten years ago,"

3, ACQ Pech. Kpb., "in outline of prevailine circumstances in the field
of aircraft armament znd a recommended progsram of developuent,"
11 rov. 1935, ia T Lib., Joo 12 w/W077.
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. and only "commarabively recently several leading aireraft munufacturers

realized the necessity for power operabed turrchts. "h
The serious iadictment of armument was not enbirely ignored by

those in authorilse Io Zgril 1938 Zrive. Jens e d. srnold, then
Lusishunt Chief of the .dir Corps, initisted action to estzolish o

. coraittes composed of Adr Corps, Crdnance Department, «nd JJuvy personnel

to investirute the whole tegic of b2llisbics sffecting the develop..ent

of fire comtrnl sprarstus. Caly o year cefore it had been nobed thab
prosress was seriously corprocdzed oy Lue prevalling lack of ::';.nfor:rzation
on ballistic factors. .o zre workine considerzbly in the dark on the
subject,” cold un officizl zb Jberdsen in 1937, "wecouse developoent
snd Lricl are Jjust now startinz.“B

. wenerel srnold!s corcittee renorted in July 1977 Lhat bthe personmel
zvailable +t the Lateriel Division for fire control research were entirely
inadeguate for such za extbnvlve subject end reconamsnded that every effort

:ade to facilitate cooperailon between the .Lrmanent Iiboratory &b

2right Fleld and the research staff ab Aiberdeen. Ierhaps the wost pointed
conment of the whole report, however, was conbained in a quoted letter
frow the Second ..ing, GHZ Air Force, at Lancler: "The present state of
efficiency of flexible gunnery is worse than it was in 1918, the science

. of fiexible gunner; heving remained the sane while the sichis no longer

fit the speed of the airplane."é'

Le Miotes on iir Cerps-Ordnance Dept. Conference,” 12 June 1937, in
Are. Lab, file, Mise,
5., Lbid.
‘ 6, Eft. of lavy, ‘ir Corps, and Ordnsrce Lept. on Fire Coatrol, 7 July
1933, pe Y s and Col. iobert 0lds to CG, 2d iag, Gl AF, 29 april
1938 in ATO0 K77.8L, Fire Control l9l|..L.
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. In November 1938 General Arncld, who by that time had become Chief

of the Air Corps, requested & report on the progress achieved in fire

control equipment. Wright Field indicated that on the theoretical side
ballistic computations were under way at Aberdean and a tow-target
mechanism had been perfected to facilitate the process of gathering
. information for ballistic studies, but a comparatively limited advance
had been made in specific armament equipment because of the need for
extended preliminary investigations and the serious shortage of gualified
personnel.7
In December 1938 the Acting Chief of the Air Gorps, Brig, Gen. W. G.
Kilner, informed the Materiel Division=8
The Chief of the Air Corps is mmch concerned over the tardy
development of mmch of our regquisite fire control apparatus, He
. desires that the necessary steps be taken as soon as possible te
insure the reorganizatien or reinforcement of the Armament Sectien
in order to expedite the development of fire contrel apparatus and
to make sure that this technical eguipment will be ready for new
types L[of aircraft] now in production and to mest any increased
expangien in procurement which may occur,
For years the Armament Labosratery had been neglected by those in
suthority, but if the Air Corps failed to develop fire control apparaius
commensurate with European equipment, after 1932 it was not for want of
support from the Chief, whe, in the following year, June 1939, expressed
hirself even more amphaticllly:g

. It is tha opinien of the Chief of the Air Cerps that there
has been less advance and develepment made in aircraft armament

7« Memo, G/AC to Chief, Supply Div., 3 Nov., 1938, and reply, Exec,
(WF) to C/AC, & Nov. 1932, in ibid.
8. Acting G/AC to Chief, MD (WF), 2 Dec. 1938, in ibid,

9 9+ G/AC to Chief, MD (WF), 9 June 1939, in ATSC 470, Armament Develop-
ment.
Fi5 00 VREST mar ar v
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and ordnance accessories for aireraft than in any other branch

of the art. It is also my opinion that the responsibility for

this rests with the Materiel Division. It is quite apparent

that some drastic steps must be taken by the Materiel Division

to bring this development up to a par with the airplanes.
If progress had been slow, it should be remembered that only slight
interest had been shown in armament from Washington throughout the
previous decade or more, particularly in the sllocation of funds. Never-
theless General Arnold reguested that the Materiel Division prepare a
definite developmental program in aircraft armsment to be submitted
without delaye

Parallel to the recommendations of the Chief of the Air Corps were
those of the Air Board: "After a review of conditions as they exist
today, the Board is impressed with the imperative need for a more
definite, effective, and continuing War Department policy governing
military aercnautical resesrch and development.® The board felt that
any failure to anticipate developments would lead eventually to supply-
ing the Air Corps with sircraft utterly ineffective against enemy
weapons, Of peculiar importance to armament was the board's tenet that
research and development in aircraft design must be paralleled in the
field of accessories, particularly armement and communications equipment.
Division designers wore warned to give careful consideration to military
objectives, "the specific needs for performance and fire power of combab
airplanes based upon plans for their utilization in specific situations.“lo
Planning and long-range vision, conspicuously sbsent furing the 19

years following World War I, appeared abruptly and changed the course of

10, LI No, 3, 18 Oct. 1939, in Arm. lab, LI file,
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. bopbardment aircraft armament. The Kilner Board's reccmmendations for

a five-year research program were carried out and reinforced by a system
of priorities on research suggested by the Air Board. In order of

importance emphasis was to place power plants first, fire control apparatus
11

second, and pursuit aireraft third, The Air Corps planned to implement
. this program with a substantial increase in funds. The proposed five~
year research and development program for the years 1940 to 1944, inclusive,

allocated in May 1939 the following sums to flexible gun accessories for

aireraft:
Fire Controls Fower Turrets
1940 $10,000 $20,000
1941 30,000 35,000
1942 50,000 50,000
1943 40,000 40,000
@ 1944, 30,000 35,000

These sums seemed modest in view of the magnitude of the task to

be accomplished. The Materiel Division gave expression to a long-awaited

policy in explaining how these funds were to be spent, In language which

unconsciougly reflected the theme of Air Corps fiexible gunnery critics

in the past two decades, the division's nctation accompanying the pro-

posed program declared: ®To avoid loss of efficiency incidental to

increased air speeds, it is necessary that development work be under=-
. taken with & view to providing power operation for turrets and enclosed

pogitions from which flexible machine guns are employed. . . . To date,

11, AC Board Final Report on Revision to the Five Year Experimental
Program, 28 June 1939, in ATSC central files.
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little development work has been accomplished with reference to the
provision of power opera.'l‘.:’t.cu'h.“l2

The precipitous transition to an enthusiastic support of power
turrets very probably came as a direct result of the aceumulated impact
of foreign armament developments, Why this trend to turrsts had not
been undertaken earlier was revealed when, in July 1939, the Chief of
the Materiel Division expressed concern over the system by which the
division kept informed on foreign sircraft armement. The Chief of the
Experimental Engineering Section cited the usual sources of technical
information available to the Air Corps, such as publications, military
attachd G-2 reports, MID reports, and date obtained by division and
other representatives on tour, but noted that in general this category
of information proved extremely difficult to obtain sinee foreign
practice corresponded with current policy in the United States in
retaining all aircraft armament equipment in a confidential stabus,e
Furthermore, the search for information concerning armament in particu-
lar was retarded by the fact that aviation observers, as a ruls, are
not armsment conscious, .

Even more serious than the information-gathering difficulties, the
section chief reported, was the fact that while the information received
on forelgn aircraft armament was circuleted through the section, no one
was specifically charged with obtaining and disseminating such informa-

tion in the various laboratories of the Materiel Division. It would be

12, Proposed Five Year Hesearch and Development Program for Fiscal
Years 1940-1944 EInclusive, 1C May 1939, in Arm, Lab, flle, Research
and Developmend.
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difficult to underestimate this organizational weakness in view of the
fact that the section chief himself credited the influence of foreign
equipment as largely responsible for such important modifications in
Air Corps armament as the increase from two to four fixed guns on pursuit
airplanes, the trend fo tail guns in bombardment airplanes, and the
interest in aerial ballisties inspired by French experiments at Gazeau.13

As far back as June 1938, the Materiel Division had prepared a
questionnaire for military attachés including, among ot.ha'r items, a
list of detailed questions concerning armament, par’biculariy turrets.lh
The information received from this survey as the reports came in during
the following months left no doubt at the Materiel Division regarding
the progress of Furopean turret development,

ft was not until a year later that the Chief of the Air Corps
directed the Foreign Liaison Officer to instruct the Military Attaché
for Air in London %o investigate a hydraulic gun and turret control
mechanism invented by a Mr. Frazer-Nash of Tolworth, Surrey, in Eng-
1and*® In June 1939, Wing-Commander Anderson of the RAF visited
Wright Field and off-handedly reported: "r, Frazer-Nash's hydraulie
conbrols are regarded as a valuable means for the operation and maneuver-
ing of guns and turrets," The Ving-lommander, who seemed snxiocus to
establish closer coordination between the Air Corps and the RAF ®"with

less emphasis on the barter exchaunge of ideas," promised to attempt to

13, E&R, Chief, MD (WF) to Capt. C. S. Irvine, 1 July 1939, in ATSC
336, Foreign Developments, Armament,

14, Memo, Chief, BES to branch chiefs, 28 June 1938, in Arm, Lab, file,
Misc, Confidential Correspondence 1937,

15, C/AC to Foreign Lisison Officer, 27 May 1939, in AAG 4L73e5
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make arrangements for Ordnance and Air Corps attaches to fly in British
airplanes equipped with multiple gun turrets, However promising this
attitude may have been for improved relations, it would be well to
remamber that this was but a scant three months before the outbresk of
hoatilities-lé

A few days after the second World War began in September 1939, the
Yateriel Division was diracted to start at once to examine the tactics
and techniques employed by the belligerents, To carry out this policy
the division again circulated gquestionnaires amongst the attachés in
foreign capitals, The Armameat Laboratory at Wright Field compiled a
list of questions regarding power turrets, compubing sights, and range
finders to obtain this specific technical information. Even more
important, however, laboratory personnel displayed an unusual and
hitherto neglected interest in the concept of fire power held by the
saveral belligerents, The questionnaire sought to determine if it
were the "general tendency in bombardment aircrafi gun arrangements to
abtempt to defend the airplane from attack in all directions or to
defend from attack from limited areas," and if in the case of the latter,
what fields were assigned major importance.l7 Apparently the Materiel
Division had come to appreciate the importance of an integrated study
of the fire power concept in conjunction with mere Lechnological develope

ment.,

16, Report of Visit of W/C Anderson, RAF, to Arm. Lab., 1 June 1939,
in WF Lib., D70/129,

17. R&R, Chief, EFS to Chief, Arm. Lab., 29 Sep. 1939, in ATSC 336,
Foreign Development,
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In December 1939, three months after the Germans invaded Poland,
the Chief of the Experimental Engineering Section expressed concern
over the deficiencies of Air Corps bombardment fire power. "Information
obtained from newspapers and other sources indicates that foreign bombers
are extremely deficient in lower rear and directly to the rear gun defense.
It is the opinion of this office that cur bombers are in no better con-
dition than the European bombers so far as defense is concerned.," The
chief directed that studies be initiated immediately and "prosecuted
with utmost vigor® in an attempt to obtain increased volume of fire.le
The Chief of the Armament Laboratory, in answering this directive
in January 1940, reported that the laboratory had exerted every effort
to prepare drawing studies, mock-~ups, and negotiations with commercial
sources to make available "in the near future" experimental models of
twin-,50 power-operated gun turrets, both upper and lower, "io establish
designs" which might be "substituted for the existing manually operated
emplacements for single machine guns should the Bombardment Board's
decision favor the more complicated arrangements believed to be much

19

more efficient,.” This report indicated the progress atbtained up to
that time on power turrets developed by the Armament Laboratory, but

it also raised an issues Who was ultimately responsible for the
creation of aircraft armament innovations, the Bombardment Board or the
personnel of Wright Field's Armament Laboratory? Even though thatb

responsibility was clearly defined by Army Regulations, the laboratory

18, IOM, Chief, EES to Chief, Arm. Lab., 20 Dec. 1939, in Arm, Lab,
file, B0 553-1-315,
19, TOM, Chief, Arm. Lab. to Chief, EES, 9 Jan. 1940, in jbid,
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problem at great ]:ength, finally reaching the conclusion, among others,
that bombers needed all-around fire protection with fire power to the
rear equal to that of a pursuit attacker. Sinee pursuit eraft were
currently appearing with eight fixed wing guns and most Air Corps bombers
would do well in bringing more than a single gun to bear aft, this

. disparity left much to accomplish. The conference further concluded
that multiple gun turrets were definitely desired even though the Martin

B-26 was the only new aircraft appearing with a turret inst.allad.ao

action by instructing the Air Corps Board at Maxwell Field, the home of
the Air Corps Tactical. School, to prepare a study showing the fire power
which the flexible guns on modern bombers, Air Corps as well as foreign
bonbers, could bring to bear on an attacking aircrart.zl Col. Carl

. Spaatz, Assistant to the Chief of the Air Corps, elaborated on Gensral
Arnold's decision on 18 December 193':9:22

AAFHS-54

. chiefts reference to the decision of the Bombardment Board carries with
it impliecations of an area of uncertainty in the pattern of the organiza

tion involved in perfecting Air Corps armament,

g0 critieal that General Arnold called a conference of representatives
. from every branch of the Service concermed with aircraft armament. This

conference met in Washington on 27 December 1939 and discussed the

This Page Declassified IAW EO12958

By the end of December 1939 the gquestion of bomber defense had become

General Arnold implemented his desire to take ilmmediate corrective

As 2 result of all the reports which have been recsived by
the War Department of air operations, commencing with those in

20,

.. 21,

Memo Rpt., MD (Wash.), re Armament Conference OCAC, held 27 Dec.
1939, dated 8 Feb, 1940, in ATSC Fire Control 194l,

C/AC to CO, AC Tactical School, Maxwell Fid,, 18 Dec. 1939, in
Arm, Lab. file, Misc. Confidential Correspondence,

Lt, Col. Carl Spaatz to AC Tactical School, 20 Dec. 1939, in ibid.
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China, continuing in Spain and the present operations there in
Furope, there has been a growing feeling in the War Department
that bombardment sirplanes are helpless against pursuit attackse
This feeling has reached the point where there is considerable
thought given to the inadvisability of proecuring any more bombers.

He further intimated that even the new Air Corps bombers might not be

provided with adequate fire power protection.

. The Air Corps Board, in its subsequent extensive study on "Fire
Power of Bombardment Formations," 3 January 1940, pointed out that
among existing bomber types in most cases only one gun covered the talil
cone area, and "in certain bombers, the field of observation in the
rear hemisphere is so limited that it is perfectly feasible for pursuit
to approach from the rear and attack without detection." Quite obvi=
ously, then, the project became one of reducing the disparity between

. the fire power of pursuits and the available fire power of bombers in
a given area., Bub this project could not be accomplished merely by
adding improvements to existing planes for, as the Handbook of In-
structions for Airplane Designers had long preached, serious considera-
tion must be given to fields of fire in the initial aircraft design,
for once airplanes are built, improvements are 1imi.tad.23

The board concluded that Air Corps bombers, the B-17, B-2h4, B=25,
and B-26, were superior to the foreign aircraft evaluated, and bomber

. losses in the current Eurcpean war were the result of faulty employment
and untrained gunners as well as inadequate defensive fire. The report

recomended that the question of bomber defense be kept under continual

23. Rpt. No. 53, Maxwell Fld, AC Board, "Fire Power of Bombardment
o Formation,® Annex V, 3 Jan, 1940, in Arm. Lab, file, Misc.
Confidential Correspondence,
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study and specific attention be devoted to computing slghts, range

2
finders, and mechanical gun layinge 4 Bombardment defensive fire
power policy had reached maturity in the United States,

9 2l. Ibid,
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Chapter III
TEE ARVAVEIT LABSRATORY D FIRE Pow.H THEQRY, 1934-1939

To understand the evolution of aircraft armament in the Lir Corps,
one rmust understand the liright Field organization charged with responsi-
bility for the sctual technical development. This chapter will consider
the Materiel Division's irmament Branch concerncd with zrmament develop-
ment at iright Field, its personnel, finzaces, and administrative relation-
ship to the Lir Corps as a whole; the basic doctrines of the service
regarding fire power expressed officially as wsll as unofficially; and
the iir Corps! interpretation of those doctrines as expressed in terms
of aireraft actually built and armed.,

~gcording to & Lar [Uepartment directive of 1921, the Lir Service
shared responsibility with the Ordnance Department for armament develop-
mente. Tne 37-mn, cannon marked the dividing line of responsibility.

411 wmounts for weapons larger than 37 rm. were to be the wroper sphere
of CUrdaance and those of 37 mm. and swaller the iir Servicels concarme.
The language of the directive was specific concerning gun uountss
Miounts for all aircraft guns not exceeding 37 mm. caliber, when built
integral with the airceraft or engine . . . bub not including recoil
sysbems unless integral with engines! were Air Jervice respoasibilities.
Then, lest there be any chance looprhole, it was provided that the "Chief
of the Air Service and Chief of Ordnance will report to the Adjutant

B e
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General of the Army [i.e., the General Staff] any new item which they
consider should be added to the list" or any new development which
necessitates reclassification of such itans.“l

When Assistant Secretary of War H, H. Woodring and a committee
vigited Wright Field in 1934, the Armament Branch reported that taxperie
mental developments which, due to the absence of supply sources, are,
of necessity, conducted at Wright Field" included gunsights, bombsights,
and the mechaniems and accessories for flexible ,50-cal. guns.2 This
revelation of the restricted nature of development work in such critical
fields carried with it implications of an inadequate interprefation of
the threefold obligation inherent in the basic directive of 1921:
experimental development of armament equipment at Wright Field; lialson
with and education of potential manufacturing sources; and engineering
supervision of actual development work under comtract with commercial
establishments, To surrender the second and third obligations would be
tentamount to an unrealistic viewpoint regsrding the role of Wright
Field in ite relation to ultimste wartime production.

Criticisms raised by the Baker Board report in 1934 led 1o a
directive to revise the organizatic;n of the Materiel Division in 1935,
New definitions of personnel and administrative functions were proposed.
In the case of the Armament Branch, the chief was authorized to hold the
rank of major and designated as responsible to the Chief of the Engineer~

ing Section for all theoretical studies and research work pertaining to

1. WD GO #6, sec, VIII, 1921, quoted in Miireraft Armament," McCoolk
F1d, course outline, 1926, in WF Lib., D70/80.

2, Memo Rpt., ES, 31 May 1934, in ATSC 334.8, Nilitary Affairs Commitiee
Investigation,.
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aireraft armament, for testing and passing on equipment involved, for
the preparation of specifications, and for proper coordination with
industry. The branch chief was to be supported by at least one officer
as an Engineering Specialist, authorized to hold the rank of first
lieutenant, The Engineering Specialist was responsible for the develop-

. ment of armament equipment on all typea of planes as well as flight

testing that equipment.

The revieion sought to improve the proficiency of the organization
by enlarging on the educational and background requirements of responsible
personnel in the Wright Field laboratories. All officers were required
to have six years of service, with an engineering education desirable bub
not mandatory, Moreover, officers in key positions were required to have

. continuity of service in the englneering activities of the Materiel
Division with exceptions made for short tours of duty in the Air Corps
Tactical School, in the Army Industrial College, as well as in tech~
nological schoola.3 By such provisions the Materiel Division hoped to
insure an adequately aggressive engineering organization within the
Air Corpse

The problem of procuring civilian personnel for the Armament Branch
was parellel to the question of officer personnel, and in many respects

. even more important inasmuch as the civil service status of Armament's
eivilian employees imposed a continuity of service which almost inevitably

surpassed officer assignments in stability, In 1937 the Chief of the

30 Memo Rp'bo’ ES, I{- Feb. 1935, in ATSC 321@9, General, Eng. DiVO,
@ folder L
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. Armament Laboratory recognized the need for an enlarged organization to
keep asbreast of the constantly increasing demands of routine work and
to Ymake possible a more thorough analysis of design and installation
problems prior to the time that novel features must be incorporated."
The chief's request for four draftsmen at $$2,300 a year was but a

. limited approach to the whole problem. Power-turret, gunsight, and
bombsight projects required highly skilled technicians to analyze
difficulties, to prepare and carry out service tests, and to coordinate

with manufacturers., The chief suggested that & really adequate organiza~
tion for attacking the bombsight project would consist of a team composed
of two pilots with bombardiering experience, a mechanical engineer, and
two engineering draftsmen--a development-team concept which might have
. proved of extraordinary utility if applied to other projects aa \vrell.ll..kP
When, in December 1938, the Materiel Divislon explained its delays
in fulfilling General Arnold*s recommendation for the development of
fire control equipment, the Armement Laboratory noted a number of
factors ineluding: lack of personnel; lack of basic ballistic data;
lack of flight experience with existing equipment; lack of an adequate
number of interested manufacturers as sources of supply; and above all,
the intrinsic nature of the project, "one of the most complex tech-
. nological problems that can be envisioned."
dJust, how complex it was possible for fire control apparatus to

become was pointedly illustrated somewhat later when the Chief of the

he TIOM, Chief, Arm. Lab. to Chief, ES, 17 April 1937, in ATSC 470,
. Armament Development

MR AT
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Engineering Séctioén!, asked to be provided with texts on selsyn and
amplidyne systems, vacuum tube theory and prinecipls, introductory optics,
ballistic definitions, and similar studies regarded as essential to an
understanding of contemporary fire control 0at_1_11i.pmant',.'j

Enlarging the civilian technical staff through civil service ,
channels was no easy task. FPersonnel requisitions recommended in June
1938 were not authorized until October and even then the positions were
not all filled by December because, in the case of two specialists, a
physicist and an engineer, the "extraordinary gqualifications" sought,
together with the fact that an associate grade physicist and an assistant
grade engineer each drew only §$2,600 a year in the civil service scale,
would probably cause protracted delays in recruiting satisfactory
personnel.6

By June 1939 there were 31 employees in the Armament Laborstory
with a $78,340 payroll, and the Chief of the Materiel Divisicn proposed
to increase this number to 48 with & total payroll of $111,6280. In July
1939 the Armament Laboratory was divided into six units: Shops, Bombsight,
Bomb Eacks, Synchronizer and Fixed Gun, Cannon and Flexible Gun, and Fire
Control.7 By April 1940 this orgenization had beenre~formed on more
functional lines as the Administrative Unit, Fire Control Unit, Bonbing
Unit, Specifications Unit, Service Liaison Unit, and Shops Unit, a re-
organization which, i.hcident.ally, reflected the growing problems of the

time,

5« list compiled for Chief, ES, by direction of Col, F. C, Wolfe,
Jdan. 1943, in Arm. Lab. file, E0 554-1-130, folder 2,

6. Chief, MD (WF) to C/AC, 10 Dee, 1932, in ATSC 472.81, Fire Control
1941,

7+ Chief, Arm, Lab. to Chief, EBES, 17 July 1939, in ATSC 321,9, General,
Eag. Div., folder 1, See also lst ind. (basic unknown), Chief, MD
to G/AC, 2L June 1939, in ATSC 470, Armament Development.,
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. The stated responsibilities of the Armament laboratory included,

along with engineering and procurement, liaison with Ordnance, Chemical
Warfare, and Navy engineering research projects, and also a specific
obligation in the preparation of annual experimental programa.8 This
question of program planning became so critical as World War IL drew
. near, that in August 1939 a system of priorities was established within
the Armament Laboratory to single out items of equipment for completion
within the fiscal year. It was stipulated that a brief plan of procedure
be drawn up for each project under development, a requirement of suf-
ficient merit to suggest that it might offer continued utility as an
administrative tool.9
One of the many difficulties the Armament Laborabory had to Iace
. in prosecuting its experimental program was the inadequate number of
aircraft available for realistic testing of armament equipment. In
November 1938, of the 17 airplanes assigned to the Engineering Section,
only 1 went to the Armameat Laboratory, while 4 were assigned to the
Administrative Branch, 4 to the Aircraft Laboratory, 5 to the Equipment
Laborstory, 2 to the Power Plant Laboratory, and 1 to the Aircraft Radio
I,aboratory.lo By January 1939 the Armament. Laboratory had secured the
services of two planes, a 1936 model A~l7A and & 1937 model B-]B.ll One

. month after the outbreak of war in Burope seven planes were made available

8. Chief, Arm, Lab. to Chief, EES, 19 April 1940, in ATSC 321.9,
General, Eng., Div., folder 1.

9., ICM, Chief, EES to Chief, Tech, Staff, 7 Zug. 1939, in ATSC 470,
Armament Development,

10. Memo, Chief, ES to Chiefs, all branches, 3 Nov. 1938, in Arm. Lab.

o file, Airplanes General 1938-1939.

11, Memo, Chief, ES to Chiefs, all branches, 6 Jan, 1939, in Arm. Lab.

file, Miso. Correspondence 1939.
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to the lLaboratory, but the most modern bombardment plane among these
wasg only a B-lSA.12

Insufficient appropriation for eur.perimen?} work was an even greater
obstacle in the Armament Laboratory's path. Maj. Gen. Oscar Westover
considered that the annual budget was the "biggest single task" confront—
ing the Chief of the Air Corps, who was obliged to compile, submit, and
defend the annual appropriation, a sum of approximately $73,500,000 in
193¢ when the Air Corps had but 13 B-~17!'s in service and 26 on order,
and the backbone of the U.S, bomber force consisted of 400 B-18's in
service and on order. We 'need not be surprised," General Westover
remarked, "to find the United States surpassed and outstripped in the
excellence of aeronautical equipment. « + o Germany, England, Italy,
Fussia and probably France « « « ars now devobing more time, atiention,
and funds® to experimentation than the Air Corps had been able to devote
to :‘d:..]'3 What this actually meant in specific terms may be seen in a
brief summary of funds available to the Materiel Division and the Arma-
ment Laboratory. In 1929, for example, Experimentsal Engineering Section

eiviiian payrolls were as follcws:u}

Office of the Chief $ 30,000
Aireraft Laboratory 140,000
Armament Laboratory 61,000
Equipment Laboratory 126,000
Power Plant Laboratory 148,000

12, Memo, 3 Oet. 1939, in Avm, Lab. file, Airplanes General 1938-1939.
See also IOM, Chief, Arm. Lab. to Chief, EES, 13 Oct. 1939, in
Arm, Iab, file, Contract AC=-9977, Douglas B-18A, B=-23.

13, "Air Armament," lecture by Maj. Gen. Oscar Westover, 26 Sep. 1938,
in WF Iib., A10/284.

14. Working Program; and Engineering & Research Program, ¢ Funds
Fiscal Year 1929, in Arm, Lab, file, Research and Development.
For a fuller discussion of funds for AAF experimental work in
general, see AAF Historical Study: No. 50, Materiel Research

and Developnent in the Awmy Air Arm, 191k~19K5,
PR LI T
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The budget estimates prepared for 1938, including something over

$2,500,000 for experimental and development work, are perhaps another

index:
Planes $1,000,000
Tests, Designs, etc. 35,000
FPropellers 100,000
Balloons, etc. 20,000
. Power Plants 750,000
Armament 25,000

The sum of {25,000 for armament, it must be recalled, was to
cover the entire armement program, not merely power turrets. A break-
down of this total explains why the Armsment Branch could not hope to

keep pace with the urgent and belated directives arriving from Washington

to gtimulate development in fire control equipnent:ls
. Synchronizers % 1,000
Bomb Racks 3,500
Hounts 10,000
Gunsights 800
Bomb Handling Equipment 4,200
1fi.scellaneous 500

While direct purchases of armament equipment amounted to $lh,421
in 1938, in 1939 they accounted for $215,000 in the Materiel Division!s

budget, A brealkdown of estimated purchase expenditures for armament in

1940 marks the wartime shift of emphasis fo axmamet).t-::l'6
Bombsights $40,000
Cannon Fire Control 45,000
. Remote Miachine Guns 25,000
Bomb Racks 25,000
Hounts, etec. 10,000

15+ Abatract of Costs, Fiscal Year 1938, in Arm, Labe file, LHesearch
and Development.
16. Research and Development Program, Subtitle B, Fiscal Year 1940,
. in Ara. Lab, file, Research and Development.
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But even these sums were relatively small in view of the magnitude of
the task imposed upon the Armament Branch of overtaking the time lost
in the 20 impecunious between-war years. GSubsequent appropriations and
supplemental allocations increased these amounts greatly, but the
estimates are important as indices to the thinking of the times, A
. Wright Field officer warned: "If General Arnold expects the same type
answers from the Armament Branch that he is obtaining from the Power
Plant Branch or the Aireraft Branch, we must have more money, more
personnel, higher priority and more backing.“17 Undoubtedly the annual
lack of funds was the largest single detriment to experimentation at
Wright Field; but even if ample funds had been available, developmental
research would have encountered a number of other serious organizational
. problems,
General Arnold's joint Army-Navy-Ordnance committeecon firs control
raised so many issues in 1938 regarding the relationship of the Air
Corps with Ordnance that in January 1939 the Chief of the Air Corps
conslidered the possibility of transferring the entire responsibility
for fire control apparatus to Ordnance, with its extensive body of
experience with range finders and automatic computers used with artillery
and antiaireraft equipment. The Chief of the Materiel Division rejected
. the idea; since fire conbrol equipment had to be considered in the initial
design of the aireraft and inasmuch as the incorporstion of evolutionary
features with reference to structure, aercdynamics, performence, etc,,

depended upon freedom from fixed design of accessory equipment, it was

17. 1it. P, G. Miller to Capt. C. 8. Irvine, 12 July 1939, in Arm.
Lab, file, Informal Notes, Bambeight Developments

L1
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. essential to retain fire control responsibility within the Air Gorps.l8
The Chief of the Ordnance Department reported, furthermore, that he
did not wish to take on the responsibility and the project was drOpped-19
Whether this indecision with regard to organizational sponsorship de-
layed the development of fire control apparatus cannot be determined;

. but appearing &s it did in the critical months before the outbreak of

World War II, it served to focus atiention on the importance of making

early decisions regarding the precise definition of areas of responsi-

bility.

On repeated occasicns throughout the "Long Armistice" beginning

in 1918, the Engineering Section complained of the difficulty encountered

in cbiaining service opinion cn developmental trends, In order to remedy
. this, the Materiel Division conducted & conference at Wright Field in

December 1938, including representatives from tactical organizations

and the armament school at Lowry Field, to help in planning the research

and development program in preparation for the next five-year period,

The conference undoubtedly had merit in bringing the operational experi-

ence of tactical officers to the place where it could do most good, and

the conference method proved so useful that it was suggested as an annual

i‘eature.zo It was apparent, however, that a two~day conference could
. never substitute for an active s full=time testing organization devoted

entirely to tactical application of Materiel Division developments,

18. Chief, MD to C/AC, 3L Jan. 1939, in Arm. Lab. file, Fire Control
Miscellaneous 1940,
19. 1st ind. (basic unknown}, 27 Jan. 1939, in ibid.
[ ] 20, Exec., WF to C/AC, 13 Dec. 1938, in ATSC 470, Armament Development.
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In Janusry 1939 the 2d Bombardment Group of the GHG Air Force
proposed a special gunnery test unit., The group commander pointed out
that "the technigue of flexible aerial gunnery has not improved since
the World War," and that & two- or four-plane unit solely devoted %o
flexible gunnery could, if equipped with modern aircraft and unlimited
ammunition, make substantial improvements in gumery techniques which
tactical units were unable to do for want of time. His proposal
suggested a year-sround base near the shore line where unlimited air
range facilities would be available for firing tests which would
yield experience to perfect training systems and training literaturs,
provide a realistic service test for new equipment, and form an
experienced nucleus for a yeariy conference of group armament officers.zl
The group commandert!s proposal, furthermore, contained a most pointed
explanation of the difficulties encountered at liright Field in securing
the benefits of service experience. Since no bombardment unit had
sufficient time, after completing training directives, to do "more than
a bare minimum of the experimental bombing'and gunnery work which is so
necessary to attain the desired ultimate efficiency," and since “there
are many aspects of both gunnery and bombing which have either been
incompletely investigated or not investigated at all," a testing unit
devoting its entire time and energy to these problems would "undoubtedly
lead to a rapid improvement in the technioue of both gunnery and bombing."22

The suggestion materialized six months later, when an expenditure order

21. €O, 2d Bomb Group, GHQ AF to CG, 2d Wing, GHQ AF, 26 Jan, 1939,
in Arm. Lab, file, Fire Control Miscellaneous 1940.
22, Ibid.
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was prepared by the Armsment Branch for the Air Corps Proving Ground
2 .

at Eglin Field, Valparaiso, Fla. >

To understand the evolution of aircraft armament and evaluate the
bembardment defense program it is necessary to understand the baslc
assumptions regarding fire power policy maintained by the personnel
responsible for Air Corps bowbardment srmaments. In 1937 the Chief
of the Engineering Section, replying to a French eriticism of Air Corps
aircraft charging that U.S. aireraft had excessively "limited fields
of fire" avallable for defense, declared that the charge afforded
tgrounds for speculation as to the up-to-dateness of the French con-
ception of modern combat requirement." The chief expressed himself
emphatically:zh

Certainly present day aircraft will not have to deal with

a type of pursuit attack which "flles circles around" ths slow

observation or bombardment airplanes as in wartime [World War

IJ days. With the exception of surprise meetings, modern

pursuit attacks on "slowert aireraft will presumably be matters

of long straightaway chases and the approach of the attacker

will be from long, flat angles to the rear. Amerlcan defensive

armament takes into consideration the changes in relative speed

which have taken place since the war.

Speed, then, had changed the picture since the first World War,
and the Air Corps was credited with having based its armament practice
upon the assumption that most attacks would come from the rear. The

Engineering Section chief suggested that the new B-17 and B-18 airplanes

23. Chief, Arm, Br. to Chief, EES, 7 July 1939, in ATSC 470, Armauent
Development, In April 1939 a board headed by Lit. Col. Douglas B.
Netherwood, Director of the Air Corps Board, had selected the site
of Eglin Field. See Proving Ground Command Historical Branch,
"Historical Qutline « « «," Pe Ve

24, Chief, ES to Chief, Materiel ILiaison Sec., OCAC, 15 May 1937, in
ATSC 333, Foreign Development.
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should overcome the objections raised by the French, whose Upoint of
view regarding the accentuation of armament and utility even at the
expense of performance is well brought out in their own bombardment
types." But the British, too, were sacrificing performance to armament

and ubility.

. In June 1939 an Intelligence officer, reviewing the lessons of the
Sino~Japanese conflict, pointed out that at the beginning of hostilities
the "Japanege showed a tendency to follow American tactics and policies
in the air,namely, that bombardment is invincible and that pursuit is
growing obsolete,! Pursning this doctrine in action, the Japanese wers
contemptuous about obsolete Chinese pursuit, and as a result their
formations were shobt up in short ordexr,

. The Materiel Division reply to this report denied the validity of
the expression of Air Corps doctrine., "The U.S. Army Air Corps does
not claim that borbardment is invincible and pursuit is growing obsoletett
but rather that "formations adequately manned, of proper strength,
disposition, training, and armament protection, can operate effectively
without accompanying pursuits,® This self-sufficiency of bombardment
formations, the division said, was shown in the many Japanese pursuits
"shot, down by Russian tail gunners when the Japanese attacked fram the

. rear,

The Chief of the Armament Laboratory studied the Sino-Japanese
report and drew several pertinent conclusions from it: multiple gun
turrets were necessary for bomber defense; fire power could be achieved

by following the British example in turrets; and the Ruasian experience

TR
qt-amc—q-ﬂ»t«.
fa oandp Iy o5,
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angles and instigated a study io consider the feasil;ility of various
methods of attack, Subseguent tests conducted at Wright Field led to
the conclusion that the head-on attack was of little utility. With a
P-36 attacking a B-10 under ideal conditions, nose to nose, along a
predetermined ground course, the pursult reported that barsly enough
. time remained after recognition of the oncoming plasne to get out of
the way,
lay in striking within a 0% o 20° cone along the tail axis where

gtructural interference to defensive fire would be gx'ea.test.26

Coupland, Ordnance officer:

AAFHS~54

proved the utility of fiexible tail guns against pursuit attack. All
the elements for a definite course of action were present: an expression
of doectrine; a proof of utility in a combat report; and a foreign prece-
dent in mechanical design., Bub two eritical years were Lo pass before

these elements were formulated into a definite policy and applied to

General. Arnold visualized pursuit attacks on bombers from all

The problem of areas for atback was discussed by Male R. Co

It is theoretically possible to attack a bombardment airplane
from any angle . . +, [but] the practical difficulties involved
and the loss of effectiveness in any zone, excaept that circum-
scribed by a 20° to 30° angle from the line of flight of the
objective airplane, place such attacks in the category of a
threat rather than an effective method of employing fire power,

L 5k
RES s
25

The best chance for successful pursuit attack, it was said,

27

25.

26,

27,

*perial Warfare in China," G-2 Report 2657-H-439/1051, 14 Dec.
1938; Comments by Chief, MD, 10 June 1939 and Chief, Arm. Br.,
29 May 1939, in ATSC 336, rForeign Reports,

Memo, Maj. B, C. Coupland, Ord., Dept. to G/AC, 9 Feb. 1940, in
Arm. Lab, file, Airplanes Miscellaneous 1940,

Ibid,
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From this it might be concluded, Major Coupland suggested, that it had
become necessary to redesign bombers to afford fire power from the rear
at least "equal or better than can be brought to bear by the attacker
in the‘ rear cone of vulnerability.? This conviction was rapidly gaining
adherents, but for many years the logic of this conclusion had been
ignored.

The Armament laboratory generally assumed that 80 per cent of all
attacks on bombardment airplanes by pursuit would fall within a 45° cone
to the rear,28 but until the introduction of remcte conirols no extensive
attempts had been made to place a gunner in the tail because of the
weight and balance problems caused by such an instaliation, not to

mention the space limitations imposed by conventional daes:i.gns.z9

Wright
Field assumed that tail gun posibtions would be impractical because of the
high acceleration to which a gunner stationed there would be subjec‘oed.ao
To a like extent it was assumed that the pitech and yaw at the tail posi-
tion would make sighting diffieult if not impossible.31 While the Air
Corps assumed the impracticality of the tail gun, the British were
nilding four-gun tail turrets for heavy bombers,

Changes in airplane design to reflect changes in bombardment defense

doctrine were necessary, but a policy of standardized design was a barrier

to such change. Thus the Materiel Division's Handbook of Instructions for

28, Memo, Capt. P. E. Shanahan to Lt., Col. 0. P. Echols, 19 Feb, 1940,
in Arm. Lab. file, E. 00 551}-1—123.

29, Notes on visit of M, E. Goll to fire control manufacturers, Feb,
1940, by Capb. P4 E. Shanahan, in ibid,

30. Record of conversation: W. G. McNeill, Arm, Labe. and L, Irving B.
Holley, Jr., ATSC Historical Office, 11 Oct. 194k,

31l. Record of conversation: H. L. Anderson, Airerafi Leb. and
Lte Irving B, Holley, Jr., ATSC Historical Office, 1l Oct. 194k,
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Airplane Designers, 1925 editien, declared: MAL the time of writing,
this Handbook represents the most satisfactory solubion of design
problems, hence should be used as a guide for all airplane designs
submitted to the Engineering Division for approval." Standing alone,
this statement would seesm to indicate an attitude of complete convicticn
and positive assurance of the division?s leadership in design concept.
On the other hand the Handbook did encourage criginality: mMianufacturers
are urged to propose variations leading to improvement," and deviationa
will always be granted upon request to effect betiter solutions of
problems.“32 Nonetheless, it is difficult to escape the implication
that stultification is inherent in any system of minimum standards
unless an unusually aggressive pollicy for continual improvement is
pursued in modifying the standards,

The number of points for a figure of merit sssessed by an aireraft
evaluation bosrd were predicated upon an aircraft that met all the
requirements of the general specifications and the current edition of
the Handbooke. The 1935 Handbook pointed out that its contents wers
tmandatory unless specifically excepted in the contract.“33 In design
compatitions tremendous importance was attached to the Handbook and the
pi'ecise requirements of the general specifications accompanying the
contract. Only so long as these two systems of standardization were
revised to keep ahead of service reguirements could they escape the

responsibility for stultificabion.

32, Handbook of Instructions for Airplane Designers (hereafter cited
aa Handbook), 4th ed., 1925, Foreword.
33. Handbook, 7th ed., 1932, Foreword.

e
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There were contradictions in the Handbook affecting armameni. The
1925 edition suggested that a floor gun could be installed for tracer
sighting in conjunction with 2 manually operated remote chain and sprocket
drive, even though such a device had besn condeaned by tactical units in

1923. The Handbook, however, stipulated a minimam 30° cone of allowable

. area to be blanked cut to gun fire by the tail assembly, and showed a
progresgive spirit by pointing out that this provision would not apply
in the case of a gunner located behind the tail surfaces.Bh Such &
stipulation certainly did not discourage the use of tail guns.

The Handbook's 1936 edition introduced a new feature in the Armament
section, smphasizing the importance of designing armament functionally
with the airplane inasmuch as armament was, after all, part and parcel

. of the primery purpose of military aircraft. Experisnce showed, the
Handbook pointed out, that it was impossible to make subsequent
satisfactory provision for armament after it had been subordinated in
the original design. lFor ailrcraft manufacturers who had been 18 years
awey from the realities of war, this was an important reorientation and
a reiteration of the fundamental role of armament.

The 1936 Handbook, furthermore, specified fields of fire for
bombardment aireraft covering the “greatest possible portion" of the

. forward hemisphere, complete protection in the upper rear guartersphere,
and in the zone below and to the rear, all stipulations of undefined
generality qualified only by the reguirement that intersecting fire

from at least two guns should meet at 100 yards in every directione This

34. Handbook, Lth ed., 1925, sec., V, Armament, pt. IIIL.
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was the first Handbook edition to mention turrets for providing the
gunner with complete protection from the slipstream. This edition also
contained a progressive note suggesting that "In the event that turrets
cannot be manually operated at top speed, some means of power drive
shall be supplied in addition to manual emergency eperation.” On the
other hand, the Handbook‘;s concept of fire power was still limited in
requiring turrets to be equipped with "a device to lock them in any
desired position while firing the guns."35
The first revision of the 1937 Handbook required protective gun
fire for the Ugreatest possible portion® of the entire sphers about the
borbardment plane and complete coverage by aimed fire for the specified
field of each gun position, The introduction of "aimed fire"™ was
necessary, for planes had appeared with guns whose axis of bore sastisfied
the m:.m.mum requirements even though the marginal areas of the defined
field were in such a position as to defy accurate saigl'n;:i.sn.g.36 However,
turrets remained optional with manufacturers, who were reguired to
provide flexible gunnery arrangements sufficient to permit "rapid
maneuvering throughout the entire field of fire without undue exertion
on the part of the gunner," an cbjective which was sufficiently open to
varied interpretation to allow almost any latitude of opinion in solving
the pmblem.'a7

By 1939 the specifications for power drives in gun mounts were some-

what more precise, The Handbock stated that #The selection of manual or

35. Handbook, 8th ed., 1936, sec. V, Armament,

36, Memo Rpt., ES, 18 March 1936, in Arm, Lab, Spec. file, Boeing
XB-15,

37« Handbook, 8th ed., lst rev., 1937, sec. V.
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power means of operating flexibly mounted guns is dependent upon the
combined drag of the exposed portions of the gun and the moving portions
of the gun mount and enclosure," If the total drag exceeded 35 pounds,
measured at the gun butts at the highest attainable airplane speed,
power drives were necessary.38 Apparently the Handbook did not attempt
to establish standards for smoothness in tracking and for the other
factors affecting the efficiency of bumbardment defense,

Because of the rush of war work which pressed upon the Armsment
Branch, no revision in the section on armament appeared in the critical
sdition q;?%gndbook in July 1940, tut the edition of the following year
presented a completely rewritten armament section with a concep£ of fire
power entirely in line with current wartime practice, involving adequate
standards covering the number of guns employed, sighting dependent upon
amoobh tracking, provision for scanning, and gunner's comfort. That the
power turret had at last come of age was implied in the announcement
that "™Manually operated flexible guns are no longer considered for the
principal defense of aircraft. They may be considered as a means of
providing supplementary fire for limited areas when crew mewmbers other
than gunners are available for protection for short periods of timo.“39

While the Handbook of Instructions for Airplane Designers from
1925 to 1940 showed the trend of official policy regarding bombardment
defense, the armament installations in the bombers themselves showed

the actual application of policy in the Air Corps. The following

38, Handbook, 8th ed., 3d rev., 1939, see. V.
39, Handbook, 8th ed,, 5th rev., 1941, sec. V, pte V, p. 1245.
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armament installations were standard in Army bombardment aircraft in

Septerber l939=h0

B-10 Martin (contract March 1931; first production article,
July 1934)

1 nose ,30=-cal, manual turret machine gun
1 upper ,30-cal, hand-held machine gun
1 lower " # L ] ] "

B-17A Boeing (contract Oct. 1935; first production article,
Nov. 1938)

1 nose .30-cale hand-held machine gun

1 upper .30-cal. hand-held machine gun
l lower 1" n " 1} L

2 waist 0 M n f ] u

B-1¢ Douglas (contract Jan., 1936; first production article,
June 1937)

1 nose ,30-cal. manual turret machine gun
1 upper o30-cals. manual turret machine gun
1 lower ,30-cal, hand-held machine gun

B-23 Douglas (contract June 1937; first production article,
Nov, 1937)

1 nose ,30~cal, hand-held machine gun

1 upper .30=-cal. hand-held machine gun
l lower " n 0 n

1 tail +50-cals hand—held machine gun

L0, Tabular data from specifications in ATSC Contract files.
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Chapter IV
BOMBARDMENT ARMAMENT: TRANSITIONAL PHASE, 1934-1939

. The Glenn L. Martin Company®s B-10 bomber of 1934 was noteworthy
in the record of armament development as the first Air Corps bomber to
appear wiih an enclosed turret, The E-l0 carried a four-man crew and
bristled with three ,30-cal. machine guns--one nose, ons upper, and one
lower or floor position, Of these three emplacements, the nose turret
was significant because it represented a revolutionary departure from
earlier practice. In the position formerly occuped by a ring mount,

. Hartin installed a single gun in a rotating dome 36 inches in diameter
and 35 inches high at the apex, the whole a welded steel framework

" sheathed with gore-shaped sections of "plastacelle,!

The manually operated dome or turret retained many of the features
of the ring mount from which it evolved, and typical of the evoluticnary
process, its design was retarded by an attempt to modify existing equipe
ment rather than to soclve as directly as possible the problem encountered.
The gun mount within the turret utilized the old system of shock-cord
compensation, and the turret track was designed to lock in any one of

. 36 different positions for firing,

The Martin turret marked a long step forward in the contest against

slipstream, but as & solution of the tracking and sighting problem it

61
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. left much to be desired. A B-1l0 service test in 1934 revealed that the
nose gun did not cover the stipulated field of fire, was uncomfortable
for the gunner, and was not correctly proportioned %o provide the
gunner with ample head room. Despite all these shortcomings, however,

it was reported as easy to manipulate at high apeeds.l

. The perfection of armament inevitably is costly in terams of airpiane
weight, and it is necessary in evaluating the Martin turret to appreciate
that this entire installation weighed only 80 pounds. In view of the
Air Corps requirement that the contractor guarantee the estimated air-
craft "weight empty" to within 1 per cent, it is not difficult to
understand why airplane manufacturers were loath to devote any unusual
effort to perfecting armament :i.nss‘e.allasm’c,ion.."...2

. The type specifications for multi-engine bombardment airplanes,
revised in 1935, called for the installation of a miniwum of three
positions, all mounting «30-cal, guns. The nose gun, arranged to cover
the "maximum portion" of the foresphere, the upper midship gun to cover
the upper rear quartersphere, and the lower or floor gun to cover the
Jlower rear quartersphere were all required to be capable of rapid
operation at waximum airplane speeds. The disposition of any additional
guns was optional with the airplane manufacturer. In view of the weight

. penalty involved, it seemed unlikely that manufacturers would seek more

than the minimum reguirements, & situation which suggests that the

1, Service Test. Requirements Manual on armament equipment installed
in B-10, B-12 series airplanes, 13 Aug. 1934, in Arm. Lab, Evalua-
tion file.

. 2, (lenn L, Martin Specifications for ¥B-10, 24 July 1934, in Spec.
Br. file (obsolete).
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. minimum standards should have been raised to insure an ample margin of
performance in terms of fire power., Similarly, such loosely defined
zones as the "maximmm portion® of the foresphere field of fire appear
to have offered a considerable latitude to the manufacturer in the
selection of armament installations,

. One requirement of the revised type specifications, however, gave

promlse for the future. The manufacturer was required to provide an

enclosure for the upper rear emplacement in order to give complete

protection from the slipstream and visibility "in all directions,"

rendering the position a lookout for the airpla.ne.3 A Jookout implied

& protuberance, and a protuberance represented a victory in the contest

against the aireraft designers who placed streamlining and airplane
. performance over armamenbt utility, So strong was the feeling of
designers and manufacturers against aerodynamically poor armament
protuberances that the Armament Branch at Wright Field felt it necessary
to develop a turret independently and without regard for any particular
bomber,

In January 1935 the Curtiss Aeroplane and Motor Company informed
Wright Field that the Navy was negotiating for a Curtiss manually
operated gun turret., The Chief of the Engineering Section, anxious to
avoid needless duplication of effort, cuestioned the Navy on the project;
but the correspondence lagged until a year later when Curtiss submitted
rough drawings of the turret, an enclosed ring mount 40 inches in di-

ameter and capable of 360° azimuth rotation and 90° to =30° elevation

" 3¢ Memo Rpte, ES, 9 Ocb. 1935, in Arm. Lab, Circular Proposal file,
Bombardment lulti-engine Airplane Spec. 98-201-A%B, C.P. 36-545.
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movement., Curtiss asked $4,255 for this turret, which mounted a +30-

cal, gun and contained an azimuth hand-crank system, making rotation

possible in airspeeds as high as 200 mph.h'

Caleulations at Wright Field indicated that the Curtiss turret
would result in an 18 per cent gpeed reduction when mounted on a B-18,
. that is, reduction from a top speed of 220 mph to 186 mph, and that
the turret would cost 18 per cent of range and 2 per cent of service
ceiling. The conclusion was, therefore, that such turret installations
must be retractable to reduce the drag as mmch as possible,
In October 1936 Curtiss offered a new and improved turret to the
Materiel Division for $5,847.75; and after protracted negotiations
concerning unrestricted patent and design rights in the contract, a
. turret was delivered to Wright Field in May 1937. The purchase proved
of 1little value, however, for as late as July 1938 the Armament '
Laboratory reported: !"Repeated efforts to secure a B-18 airplane for
the short period necessary to install and test this turret have met with
no success and the development has now lost importance due to later

5

designs.,"” In an organization already starved for funds, blind alleys
were more than merely costly.
While Wright Field was negotiating the Curtiss contract, the
. Douglas Aireraft Company built the first IB-1, the Air Corps B-18, which

complied with the minimum type specification requirements for three

L. Chief, ES to Inspector of Naval Aireraft, WF, 23 Jan. 1935; Memo
Epts., EES, 5 Feb. 1935, 12 May 1936, 3 Aug. 1936, and 22 Aug. 1936;
and Chief, EES to Curtiss, 18 May 1936, and Curtiss to Chief, MD
| ) (WF), 10 June 1936, in WF Arw. Lab. file, E.0, 553-1-261 Curtiss.
5. Note by K. E. Goll, Arm. Lab., 15 July 1938, in ibid.
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flexible gun positions. The nose and floor guns were more or less
conventional, but, as a "689" inspection board reported in August 1935,
the bidder elected to diverge from the reguirements in the case of the
upper rear gun, “with the resuli that an arrangement superior to that
required has been provided." The term "689" refers to the blank form

. “used in making final acceptance tests. The term lingered on long after

the form disappeared.

The manvally operated turret of the B-18 included many novel
features. It was retractable, although the board suggested that a crank
and cable retracting mechanism replace the existing elaatic shockwcord
system, which was certain to prove inadeguate in service use, Further-
more, the board considered the gun aperture slot closers as "an excelleni

. idea well worked out.® The inferior quality of the transparent "paraline®
plastic sheets was criticized, thus focusing attention upon the diffi-
culties encountered in gun turret development before the appearance of
"plex:i.g}.-'ats.“6 The B-18 turret was primarily important in making a start
on the practical problems facing all turrebt designers: retraction, slot
closure, dome contour, and the selection of transparent sheathing, ail
considerations which had far to go before attaining even & semblance of

design stabilization.

6. Airplane Evaluation Board Report, Armament Inspection, 30 Aug.
1935, in Arm, Lab, file, Airplane Evaluation Folder ) C.P. 39-800,
38385, Airplanes A-17 to B-26. The technological lag in trans-
parent acetates and the slow evolution of an easy-to-cast, dursble,
shatter-proof plastic was to delay the development of other air-
plane components as well, such as bombardier compartments and
. bubtble canopies,
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The importance of the Douglas B-18 turret was awplified far beyond
the actual stage of technological development it represented when in
June 1937 the Air Corps contracted for 177 B-18A's at a cost of some-
thing less than 3‘2312,000,000.7 This represented quantity production
on a scale unknown since the last war, and as such exemplified the

. Air Corpst interpretation of a modern bomber, As finally revised

in February 1940, the B-18A carried three .30-cal. machine gms as it
had in 1937; and no provision was made for additional guns or alternate
installation of +50-cal. 1.\re49.1racn'n.=s.8
As early as fpril 1935 Douglas was thinking in terms of power

turrets, and drawings for an improved version of the B-18 contained
tentative cutlines for power~driven nose and upper midship turrets.

. The nose was a pear=shaped compartment driven about its vertical axis
by a worm and gear drive powered from a Vickers hydraulie unit, The
Engineering Section suggested that the power turret idea contained
sufficient merit o be procured "at additional cost to the Government,"
but added, somewhat pessimistically, that “although a power driven
turret s desired, it is believed that this proposal is too incomplete
to c-.-.va.:i.usﬂ;e.“9 Degpite the fact that this installation never actually
passed the experimental stage, it was significant in that it utilized

. a Vickers hydraulic power drive unit which contribubted to the develop-

ment of the contemporary Vickers drive unit,

7. Contract W535 ae 9977, 23 June 1937, (DB-5} B-1#A, in ATSC Contract

files.
Be Contract W535 ac 9977, 23 June 1937, with revisions to 29 Feb. 1940,
. in Arm, Lab, file, Douglas B-18A Contract ac 9977, folder 2,

9+ Change Order #7, 19 Oct, 19385 and Memo Rpt., ES, 10 March 1939,
aend UR correspondence, in ibide
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The efforts of the Armament Branch to improve the original B-18
brought the whole problem of turret development into focus. So long
as single .30-cal, Brownings were employed in bomber defense, therse

was comparatively less need for power turrets, but the trend toward

«50-cal, weapons made power training imperative. The use of ,50-cale
. guns actually decreased defensive efficiency before the appearance of
power turrets, for not only were the heavier guns more difficult to
maneuver in the slipstream, but their bulk made internal structural
interference an appreciably greater factor. To overcome the first
objection, abt least in part, wind vanes were ordered for the B~18A
upper turret, but nothing short of redesign could overcome the latter

objection. As the Handbook of Instructions for Airplane Designers had

. pointed out, armament installations not an integral part of the
original aircraft design were inevitably unsatisfactory.

The Armament Branch, in evaluating the DB-4 (B-18A) drawings,
dismissed the floor gun position as "of little value" because of its
limited visibility: bub even more serious was the limitation on fire
in the upper foresphere imposed by the underslung pesition of the
nose mount., Various attempbts at ¥Wright Field to devise a small
fiypper noset turrst led only to better understanding that the exact

. requirements for turrets seemed to develop only from actual construec-
tion experience,

When pressed for information to fulfil its obligation to reviase
the Handbook, the Armament Branch retorted, "No definite steps can

. be attempted at present to supply exact requirements for flexible

machine gun positions," and concluded that large expenditures of time

-‘Nl-nwll-m-; ‘}-%??' E }?pm i
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and funds would be necessary befors flexible machine gun emplacewents
could be considered adequate for modern high-speed aircraft, a deduction
that could have been made in 1918, It was pointed out, however, that
progress in turrets depended upon prior solution of a number of specific
problems: computing sights to replace wind-vane sights, ballistic data
for machine gun fire, the perfection of recoil adapters, and the arrange-
ment of feeds and ma.gazines.lo

In 1936 the Materiel Division initiated two experimental long-range
bomber projects, XBLR-2 with Douglas and XBLR-3 with Sikorsky. The
Sikorsky drawings called for an imposing array of armament including a
37-mm, cannon and six ,50-cal, machine guns, The cannon was to be
mounted in a manually operated upper turret, A lower rear single
«50=cal., gun turret design provided electric retraction and azimuth
rotation, but only manual elevation., When these proposals were con=-
sidered at Wright Field, the 37-mm, manual turret was viewed with
reasonsble alarm, but nothing ever came of the project, since the
Douglas ¥BILR-2 proposal eventually won the competifion as the better
of the two proposals and a contract was negotiated for the airplane,
later to be designated XB-19.11

The Douglas XB-19 specification called for two 37~mm. cannon,
four ,30-cal, and four .50-cal. weapons, disposed in various forms of

turrets and mounts about the aircraft, but no provision appeared in

10, AC Tech, Hpt., YFlexible machine gun eguipment for enclosed
positions,? 21 Jaun. 1937, in Arm. Lab, file, E.0, 553-1-261.
11l. Memo Rpt., ES, 12 March 1936, Sikorsky Aviation Corp. Project
M5-35, j.n. Am. Labo Spec. filEQ
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the original 1936 specifications for a tail gun.l2 When the Alr Corps

69

accepted the XB-19 in 1941, the armament was almost exactly as originally

plamned save for the addition of a single «50~cal, tail gun mounted much

like the gun in the B~23 ‘bail.lB
The XB-19 turrets were logical developments of the experimental

. work done in comnection with the Douglas airplane series DB-1 through

the DB~4e. The nose turret was a simple combination of hydraulic pistons
or jacks, sometimes referred to as struts, driving the turret through &
limited arc in both azimuth and elevation. The upper turret utilized
the hydraulic piston principle for elevation operation, but employed a
Vickers unit and V-belt drive for azimuth rotation. Hydraulic pressure
entered the turret through a rotating gland not unlike the Boulton-Paul
patent, and a four-way valve controlled the Vickers unit in speeds
ranging from 3° to 60° per second in azimuth, Flevation speeds were
more positive, running from 0% to 60° per second.u'

As originally conceived, the XB-19 turrets were a normal step in
the evolution of power turrets, bubt the actual process of manufacture
consumed such an exceptionally long time that other and more promising
turret designs had taken the field when the Douglas turrets appeared,
Whether or not the XB-19 turrsts ever reached production becomes a matter

. of small concern, however, if the lessons inherent in the designs were
extracted for future applications. It is impossible to evaluate the

importance of Douglas experimental work with the Vickers unit; but in

12, Douglas Project M4~35, in ibid.
@ 13. Memo Rpt., EES, 13 May 1941, in ibid,
14, Ibid,
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the light of its subsequent critical role in turret development, the

experience derived in using the rudimentary Vickers unit would seem to

have Justified the entire expense of the XB-19 armameni installation.
It was perhaps unfortunate that Douglas atiempted to jump from

menual ,30-cal. turrets to 37-mm. cannon turrets without first having
. perfected ,50-cal, turrets, for there were many problems encountered

with the 37-mm. cannon which were essentially cannon rather than turret
difficulties, In principle the Douglas turret called for a .30-cal.
machine gun mounted rigidly with the 37-mm. cammon, the former to serve
as a sighting guide for the latter. This installation erronecusly
assumed that ballistic qualities were similar, This was not surprising
inasmich as only cne 37-am, caanon was available to the Air Corps as
. late as 1937, and that one dated back to 1921.15 Even more important,
perhaps, than the lack of available ballistic date was the fact that
the lack of information regarding the 37-mm, cannon delayed Douglas
in designing the whole fuselage,™®
As late as December 1939, Douglas asked the Materiel Division for
the information accumulated as a resull of service testing the DB-2's
experimental , power-driven nose turret, In order to design the XDB=19
turrets efficlentiy, Dougias was anxious to extract every lesson possible
. from the earlier experiments and, lacking adequete range facilities,
wanbed Wright Field to make officlial test findings available, In addi-

tion to information regarding total running time, unsatisfactory reports,

15, "Notes on Air Corps Ordnance Conference," 18 June 1937, in Arm,
@ Lab. file, Misc. Confidential.
16, Douglas to ¥D (WF) s 24 Feb, 1938, in Arm, Lab, Contract file
ac 8132 Douglas XB-19.

i +
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. and overhaul periods, the Douglas designers were especially interested
in Wright Field opinions on the turret's acceleration rates, minimum as

well as maximum, an important consideration which was later neglected

17

by many burret manufacturers during the initial development period.
ithen no letter arrived from wWright Field, Douglas reiterated the
. request in March 1940. The Experimental Engineering Section's reply
stated that the tests conducted on the Douglas nose turret were ine
sufficient to warrant comparison with other equipment. In view of the
meager funds available to the Armament Branch, it would seem advisable
to have pursued a policy of extracting every possible value from experi-
mental items,
limited procurement implies a nscessity for intensive testing to
. insure maximut results from a scanty budget. The complaint of inadequate
funds becomes invalid if the equipment procured with the money available
is not exploited to the utmost., Even more unfortunate, perhaps, the
Experimental Engineering Sectionts reply brushed off the Douglas request
by suggesting that Deuzlas apply for any further information to the
Bendix Corporation, which was then interested in the turret proble:m.-'l'8
It cannot be said whether or nolt this action killed off a pobenbial
turret source, but, significently perhaps, no Pouglas turret develop-
ments appeared after that date. In contrast to this unwillingness ito
. utilize available equipment was the aggressive, sales-conscious attitude

of the Martin Company, which wrote to the Materiel Division: "During

17. Douglas to LMD (]IF), 28 Dec. 1939, in Ara. Iak file, E. Ou 5541~

o 123.

18, Douglas to D (.F), 20 Larch 1940; and Chief, ZES to Douglas,
29 March 1940, in ibid.
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our present production of front gun turret assemblies . « o We have made
rumerous improvements. Desiring that the Division may benefit from such
improvement » » o ODe drawing « o« . is being forwarded.“19

Horth American Aviation specifications in 1937 for a twin-engine
bomber, the XB-21, called for an armament array of five cal..30 guns,
a hydraulic nose turret carrying one .30, & .30 in either walst, and one
in the conventional floor position.20 Tests conducted on the XB-21 oy
the Armament Branch indicated that the Vickers unit power~drive system,
ubilizing a valve system nob unlike the Boulton~Paul patent version, was
improperly engineered, since the motors became "unoperable during inspec-
tion," apparently because they were underpowered, Despite the novelly
of the drive feature, the all-important detail of slot closure for
protection from blast had been completely neglectad.zl

The experimental contract negotiated for-a single XB-2l in May 1938
called for hydraulic turret installations. Like the Douglas turrets
developing at the same time, ¥orth American's experiments were valuable
only in so far as they contributed to the slowly accumulating fund of
armament information in the Materiel Divisions

Papallel in time with Douglas and Curtiss developments were tLhoss
of the Boeing Aircraft Company. In 1935 Boeing's B-l5 desiga, lineal

ancesbor of the heavy bomber of World War II, proposed two flexible

19, Martin to MD (WF), 12 Aug. 1938, in ATSC 473.5, General.

20. North American Spec. NA=2L, 13 Jan. 1937, rev. to Oct. 1938, in
ATSC Spee, Br. file, Obsolete.

21. Memo Bpt., ES, Ly April 1937; and Memo Rpt., BS, 9 April 1937,
and revision, 13 July 1937, in Arm. Lab. file, Bvaluation Folder
1, C.B, 39-800, 38-385, Airplanes A=17 to B~26s

22, Contract AC 11070, 14 MNay 1938, in Arm. 1ab, file, Horth American
XB-21 Contract AC 1070.
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.50~¢al, and four flexible ,30-cal, weapons, all in plastacelle blisters

or panels in conventional nose, upper, and lower positions; but not a
singie gun was contemplated in the tail. The XB-20, another Boeing product,
carried essentially the same armament as the XB=15,.

Tests conducted at Wright Field in February 1938 to determine the
suitability of the XB-15's armament revealed that the manual nose turret,
a small transparent semisphere not unlike the nose mount of the B-18,
was extremely difficult to operate, reguiring 80 pounds exertion when at
90° azimuth and at 250 mph airspeed. A Wright Field report recommended
the installation of a power drive and additional pick-up windows to
improve scanning. Moreover, the report continued, "it is jmportant that
the area directly to ths rear be amply protected by a directly or
remotely controlled gun."23 The distance between a Wright Field recommen-
dation and the actual execubtion of a design change by a manufacturer was
amply demonstrated in General Arnold's fire conirol conference in December
1939, when Boeing was reported as saying that the manufacturer "could not
possibly" put a tail gun on a B-17 since that would require them to
"redesign the whole tail.“m" The evolution of the B-17!'s armsment in-
stallations provides even better evidence of the difficulties facing
the Materiel Division in the attempt to gel aircralft manufacturers to
install turrets.

The Armament Branch studied Boeing!s model 299, the future B-17,

submitted in 1935 in reply te Circular Proposal 35-26. In place of the

23. Memo Rpt., ES, 10 Feb, 1938, XB-15, in Amm, Lab. Spec. file;
see alsc Boeing Y1B-20 and XB-15 Jdpees.
2. See p. 38, tootnote 20, this study,
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minimm three ,30-cal, gun positions stipulated in the type specifications,

the bidder elected to install five positions, two waist guns in addition

to the conventional emplacements. AL Wright Field this proposal seemed

unsatisfactory:zs
Although the combined area covered by the three upper guns is
undoubtedly greater than that which could be allocated to one

. retractable turret, it would require three gunners constantly

stationed at these positions during an engagement. This number,

in addition to the nose and floor gunners, would be in excess

of those who could be allotted for defense ocubt of the crew of

five,

It was pointed out that visibility was actually reduced in using three
positions, for the time regnired to pick up a target leaving one field
to enter another might be so great as to reduce the total field of fire
below that of a rotating turret manned by a single gunner,

Despite the opinions of the Armament Branch, the XB~l7 appeared
with five flexible machine guns in the five positions initially planned.
No substantial changes in this arrangement appeared down through April
1937, when the YIB-17A specifications were prepared. Firing tests
conducted abt Langley Field revealed that the waist guns were restricted
to a 20° angle of down fire, a zone somewhat lesg than that prescribed
by the contractori's own gpecifications, and the lack of scanning windows
coupled with the area blanked out by the tail assembly effectively
. reduced the aireraftts over-all ﬁmammt efficiency. The Armoment Branch

concluded that the guns did not defend the airplane satisfactorily and

declared that “further procurement of large airplanes should be accompanied

25. Memwo Hpt., BES, 1 Oct. 1935, in Arm, Lab, file, Evaluation Folder
. 1, C.F. 39-800, 38-385, Airplanes A-17 to B-26,
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. By the requirament thut one well designed power driven turret located
in the upper rear position provide the principal defense of the air-
plane.“26
; In the sumner of 1937 the Armament Branch reported that major
changes were essenblal in the 3-17 to overcoms'unsafe conditions" and

. "improper fuactlonlag of armament egquipment." The Yexisting limita-
tione" would be "greably mapnified at increused speeds," and power
operation of the nose burrct was wandstory., An improved upper turrct
would not only provide o lookout, relieving crew menbers at the waist
positions for other duties until an emerpency appearecd, but would greutly
increase the field of fire.?! These criticisus notwithstendiag, the
B-173 appeared with one flexible .30-cul. in the nose, ancther in a

. streamlined blister uprer position, a similar Jower position, and two

+30-cal, waist puns.

dome irdication of the contest between armement and aerodynamic

interests appeared in the £-17B specitications, which listed "deviations

and excepbicns" to reguirements, iancluding a Mstreumline burret without

dovmnviard angle of fire used to improve the asrodynamic characteristics

of the plane."28 These comproanises iwmposed by aircraft design were un-—

satisfactory. wright field Ivaluaticn Joxrd reported in July 1939

that the Boeing blisters were of unclean desipn and did not meet the

specificution resuirements, ! oreover, the single nose gun offered

26, llemo Lpt., 135, 24 April 1937, in ama. Lab, file, 3.0. 553-274.
27. lemo kpt., Es, 7 July 1937, in Arm. Lsb. File, Boubardaent Multi-
engine Lirplone Spee. 93-201-3, C.P. 36~545.
. 28 USLAF Spec. B-1TH, (todel 98-201-2-1B), 3 hug. 1937, in 4TSC Spec.
Br, file, OUbsolete, [Underscoring added.]
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unsatisfactory coverage in the foresphere, while the upper and waist
gun combination were unsuwitable for covering the area blanked out by
the tail assembly.29 Apparently the lessons inherent in the B-15
design had not been applied in the B-17.
The Materiel Division recommended in October 1939 that the side
. blisters be removed from the B-l'?B,BO but the Boeing specifications of
March 1940 for the B-17C reporied "protuberancea and gunfire substantially
the same as B-17B." The Boeing B-17D specifications revised to July 1940
remained the same as the B-17B, with the exception of modifications re-
placing the lower blisber with an elongated "bathtub" and the installa-
tion of six "strategically located? ball and sockeb mounts for inter-
changeable use of the singie v30-cal. nose gun.31 Not until the
. appearance of the B-17E in 1941 were turrets added and the tail modified
to nount twin ,50ts,
Bomber manufacturers for the Air Corps were not the sole source of
power turret promotion. By the end of Sepbember 1939 the Navy was
circulating tentative specifications for patrol bomber power turrets.32
The Materiel Division learned in February 1940 that the Navy regarded
turret development as advanced enough to warrant their installation in

the new Consolidated PBY. The Bureau of Ordnance specifications were

29, Evalustion Work Sheet, Boeing 299, 29 July 1939, in Arm. Lab,
filg, Evaluation Folder 1, C.P., 39-800, 38-385, Airplanes A-17 to
B"‘2 &

30. TWK, MD (VF) to MD (Wash,}, 26 Oct. 1939, in Arm. Lsb, Contract
file, B-17B, Boeing ac 10155, )

31i. Boeing Spec. 299R, 11 Mareh 1940, B-17C, in ATSC Spec. lab. file,
Obsolete; see alsc B-17D Specs. (Model C-212-4)

9 32, Chief, Amm. Lab. to Navy Liaison Officer, 29 Sep. 1939, in ATSG

473.5, General.
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considerably more specific than any contemporary project of the Materiel

Division, stipulating azimuth speeds up to 90° per second, standard ring

sizes, and provision for "in flight" cleaning of scanning domes.33

In May 1939, Vultee Aireraft, Inc., offered the Materiel Division

an electrically powered flexible gun mount. The division's Technical
. Executive instructed the Armament Branch to investigate the Vultee
project "very carefully" with a view toward possible application on
several types of planes if it proved feasible., The Chief of the Experi=
mental Engineering Section later reported that the Valtee mount had
merit, then added (rather inexplicably, in view of the trend toward
power mounts) that "There are, however, serious objections in that power
operation is required." An appreciation of this objection is possible
only if one recalls the seriously low capacity of existing aircraft
generators, which made the addition of any electrical accessories a
eribicel decision. It is difficult to debermine just how much the low
capacity of standard aircraft generators retarded tne development of
power turrets, but undoubtedly the influence was appreciable. Vultee
offered an experimental model to the division at $22,139.22 including
a 12 per cent profit, and a mount was secured for testing at the Armament
La.boratory.%
. The Vultee mount was not a turret but an assisted motion flexible

mount, which the Armament Laboratory rejected for a number of reasons.

33. Nemo, B. k., Chidlaw, Capt, A ¢, to Chief, EES, 29 Sep. 1939, in
Armi. Lab, file, Secret Correspondence, folder 2, 1940.
3L, Vultee to ¥D (WF), 27 May 19393 R&R, 27 kay 1939 and 1 June 1939;
. and Vultee to MD (WF), 12 July 1939, in Arm, Lab. file, Machine
Gun lounts 1938-1939.

Bk i

THIS PAGE Declassified IAW EO12958




This Page Declassified IAW EO12958

S .

A - SN — [ o m— -
FRear.kh S B A .
. AR O T A N,
e Tk

o TR £l g2 NE i . ¥
¥ - * - w . mary '
- ]
it
T e ————— A TN S TS e -

THIS PAGE Declassified IAW EO12958



This Page Declassified IAW EO12958

‘ELAT  *STOIqUOD YOITMS UMl PUe 4USTS 9U0IJ @UBA PULA
89970800 2Ug 990N “qunor Janod TejuewLasdxs eelTny

THIS PAGE Declassified IAW EO12958



This Page Declassified IAW EO12958
|

5= iy )
ARFHS-5 RESFRIGE !

Its dispersion patiern was twice the normal size for comparable mounts,
its current consumption without wind load was excessively high, and its
gpade—grip, electric-button drive contrel provided direetional rotation
but no speed control.35 The Armament Laboratory felt that a modification
was neither practical nor justified as to expense because of the mountts
. Winherent fallacy in fundamental design," but concluded that the manu—
facturer had acquired a '"much better conception" of the power mount
problem in the course of fabricating the experimental model.36 By slow
stages the Armament Branch was acouiring the practical experience
necegsary to undertake the task of eauipping bombers with power turrets,
By 1938 the Materiel Division and the Air Corps in general had
begun to acquire a "much better conception" of the fire power problem
. in bombardment aircraft. The GHJ Air Force had raised some interesting
questions regarding rear-firing guns: Would the advantage of atail gun
offset the loss in speed and performance? Could a2 tail position be so
constructed as to insure comfort and firing efficiency for the tail
gunner? And finally, Has practical experience in this country proven
the desirability of the adoption of such installations in Army bombardment
airplanes?37
At the Materiel Division it was believed that even the B-124i was
inadequately armed, and a better tail gun could be installed if the
. necessary space requirements were established during the initial design

stage of the airplane, However, since no physical tail gun installations

350 Memo Rptlo’ EES, 16 Sep- 1939’ in. AI‘m- Lab. file, Ee 0. 553"“1"300‘

. 36, Memo Rpt., EES, 2 Nov. 1939, in ibid.
37. CG, GHQ AF to Mb (VF), 14 July 1938, and 2d ind., MD (WF), 23 Aug.

1938, in Arm. lab, file, %.0. 553-283,
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from which experience could be derived had been made in the Air Corps,
it was the opinion of the division that there was no specific answer
to the problem.
The Navy was mounting tall guns in the XPBS1l and the XPB~2Y1, but
infommation ¢oncerning these installations had not been made available
. to Wright Field where the prevailing opinion had hitherto held that .the
excessive pitch and roll and yaw of the extreme tail position would
prevent accurate firing from the tail even if a gun could be installed
there.33
The Armament Laboratory reported in July 1938 that a fixed gun in
the B-18A tail could not adeguately defend the large area blanked out
by the tail assembly, but a remotely controlled gun sighted from the
upper turret might prove satisfactory. The laboratory recommended that
designs including this idea be solicited from interesied x::za.nui‘ac‘cn.:.:c'us:rs.3
As an interim measure, the Materiel Division procured the Douglas
B-23, & major modification of the B-18A. The new bomber carriedfour guns,
three conventionally placed ,30-cal, guns and a single ,50=-cal. in the
tail; but unfortunately it represented a retrogression, since, with the
addition of a tail gun, apparently less attention was devoted to the
upper midship gun. The turret of the B-18 had been removed and in its
. stead, as the specifications pointed out, firing could be accomplished

through removable windows.

38, Ibid.

39. Memo Rpt., ES, 13 Aug. 1938, in ibid.

40. Douglas Spec. B-23, 5 Dec, 1938, rev. to 15 May 1941, in ATSC
. Spec, Br. file, B-23, Obsolete,
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. The Armament Branch was far from satisfied with the B~-23. Tests
revealad that the nose gun was "decidedly unsatisfactory.® It was
designed without reference to the realities of combat, for the gun had
to be stowed to use the bombsight and stowing was virtually a two-man
jobs Furthermore, the newly conceived tail gun was given but scant
. recognition as "satisfactory within the limits of its design,* i.ea.ving
the gunner cramped and with inadeguate scanning. Noreover, it was
impogsible fo crawl from the waist to the tail while wearing a parachut.e.hl
Shortly after the outbreak of the European war in September 1939,
an RAF Alr Vice Marshal colorfully divided all German fighter pilots
into two general categories, "Gladiatorst! and "Scum,®" The majority, he
declared, belonged to the latter class; for they were extremely “"reluctant
. to close!" with bombers equipped with teil 'l;!.‘u:'re:'l:s.l"2
In the United States there were no tail turrets, The backbone of
the Air Corps bomber strength consisted of B-18's, of which a tactical
officer reported, "It is believed that the present defense armament is
inadeguate and not tactically sound. 3 The 7th Bomber Group at Hamilton
Field complained in an Unsatisfactory Report that it could not finish the
prescribed course of training because the B-18 nose gun was so designed
as to make it "practically impossible to assume the proper sighting

position.® This deplorable gituation was common knowledge at the Materiel

Division, but the report contained a single comment which probably accounted

41, Memo Bpt., EES, 21 Oct, 1939, in Arm. Lab. file, Douglas B-1EA,
B-23 Contract ac 9977, folder 2,
L2, Advantages of tail turrets for machine guns, by U. 3, Military
. Attaché for Air, England, Rpbt. 41007, 21 March 1940, in WF Liba,
D72.11/9%.
L3. Memo Rpt., ES, 10 March 1939, and 1st ind., 31 Jan. 1939, on 7th
Bomb Gp. UR, 30 Jan. 1939, in ATSC 473.5, General,
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for the whole state of affairs when it asserted that ne previocus Un-
satisfactory Report had been filed on the sub,ject.u" It would be
unthinkable to expect the Materiel Division o operate in a vacuuma
Only so long as a constant stream of critical reporis from the service
arrived to shape plans and policy conld the division hope to move along
. progressive lines. 1f this eritical element was lacking in the peace-
time years, the impetus of war brought an entirely different measure
of activity and enabled the division to demenstrate its latent capacity
tc develop armament equipment.
The Martin B-10, the Douglas B-18 and its lineal descendant the
B-23, the Douglas B~19, the whole Boeing family (B-15, B=-l7, and B=~20),
the North American Aviation's B-2l, and the individual turret developw
. ment projects undertaken independently by manufacturers working in
conjunction with Wright Field all illustrate the transition from hand-
held guns to power-operated turrets. The next step in the evolution
was the perfection of the mechanisms empleoyed in fire control. Although
the concept of fire power had reached maturity, the mechanisms conceived

to implement that concept were a long way from completion.

® ke Ibid.
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Chapter V
EVOLUTION OF PCWER TURRETS: IFXPERIMENTAL PHASE, 1938-1940

The evolution of & remotely controlled gun for the B-18 tail gun
position is of peculiar interest not only because it marks an importaant
gstep in the rise of a large-scale turret industry, but also becauge it
explains just how the Armament Branch went about the task of steering
an important manufacturing source into a novel production fisld. It
is necessary to examine this steering process in detail in view of the
fact that a large proportion of Armament Laborastory activity was devoted
. to monitoring manufacturerst projects.

As early as July 1938 representatives from Wright Field, visiting
the Genersl Electric Company's plant at Fort Wayne, reported the develop=-
ment of an electric variable-speed drive, called metadyne, which might
be applicable to gun conbrol units.l The "ocbvious necessity" of remote
control guns in supercharged cabins and tail positions led Wright Field
to open discussions with the General Electric (G.E.) Schenectady plant,
already familiar with gun controls on Navy contracts, for the various
electric drives available. The metadyne and pliodyne systems seemed to

. hold most promise; each represented variations of the shorted-armature,

1, Memo Rpt., ES, 6 July 1938, in Arm. Lab, file, Misc. Correspondence,
1938,
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. controlled-field drive used extensively with heavy industrial equipment
requiring constant speed under varying torque loo.ds.2 A short time later
the Equipment Laboratory independently obtained the seame information and
forwarded it to the Armament Laboratory with the suggestion that the
Armament Branch establish torque and speed recquirements for such controls

. to permit allocation of funds by the Equipment Branch for development
purposess

In November 1938 representatives of the Navy, the Materiel Division,
and G.E. held a conference in Schenectady to reach a decision on the
drive to be installed in a tail gun installation proposed for the B-18,.
A multiple contact control, the Bowman system, devised for Navy search-
lights, was rejected as inadequate, and the conference decided in favor

. of the metadyne system originally designed for Ravy five-inch shipboard
gun controls. The engineers at G.E. asked the Materiel Division repre—
sentatives for all available information which would facilitate the
preparation of their initial proposal.h #hen these design data were
received, G.E. promised a proposal in two weeks.5 Not until 3 March
1939, however, were a final proposal and detailed specification ready
for ¥iright Field.

The G.E. remote tail gun, offered to the government complete with

. compensating sight at §25,000, contained a number of novel features, The

2. Memo, Capt. C. S. Irvine to Chief, ES, 28 July 1938, in Arm. Lab.
file, E.O. 554-2-96.
3. R&R, Chief, Equip. Br. to Chief, Arm. Br., 13 Aug. 1938, in ibid.
L. Rpt. of MD representatives on conference at G.E., Schenectady,
3 Nov. 1938, in Arm. lab, file, Secret Misc. Correspondence,
9 folder 2, 1940,
5. G.B. to D (WF), 2 Sep. 1938, in Arm. Lab, file, E.OQ. 5504-2«96.
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gingle 430-cal. gun was controlled through a 40° cone of fire by an
amplidyne drive, a modification of the earlier metadyne system. The
installation was to be capable of 3 30°—per—second maximum speed within
2 75- to 350-watt range of power consumption., The compensating sight
was to correct for ballistics and parallax, but range, air speed, and
. relative target speed were entered as constants. The gunner, stationed
. in the upper B-18 turret, sighted through either one of a pair of
standard collimator, illuminated reticle, parallax reducing sights
designed to give a relatively uncbstructed line of vision past the tail
assexrbly. The original specifications called for bicycle~pedal turred
rotation, but this innovation was never perfected. The gunner charged
the gun by a system of cable and pulleys, The magazine carried only
. 185 J:'oum'.ls.6
The tail gun project gave ample evidence of the difficulties in~
svitably attending the development of a novel item of equipment by a
manufacturer not entirely familiar with the problems of aircraft design.
The limitations arising from this inexperience on both sides were nowhere
more cogently illustrated than in the negotiations between UWright Field
and G.E. which resulted in this aberrant directive from the Coniract
Section at Wright Field: "Any electrical connections which may be
. required between the turret and tail gun instalistion shall withstand
rotation of the turret throughout 360°., No provisions are required,
however, to permit turret rotation in exceas of 3600 in either direction."7

Desgpite the obvious handicaps of working in the dark, an experimental

6, G.E. to MD (WF), 3 March 1939, in ibid,
7. Contract Sec, (VWF) to G.E., 30 June 1939, in ibid.
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tail gun was ready for firing tests at Aberdeen Proving Grounds in

November 31.939,,8

Even before (:.E. undertock to develop a tail gun, the Materiel Divi-

sion displayed an interest in power-operated turrets. As early as 1936

a board of officers appointed to evaluate multi-seater fighter designs
. recomended "power operation for all large caliber gun turrets" as well
as provision for future incorporation of remote control systems permititing
a "congiderable saving in personnel complement® and improved fire power
in airplanes, The division concurred in these recommendations, but un-
fortunately in the fiscal year 1936 there were no available funds for
fire control projects.9

The lack of funds was a particular handicap because the Sperry

Gyroscope Company of New York had a fire control experimental project
ready to push into the actual construction stages In August 1936 &
special committee, appuinted to study the Sperry proposal for a twin
37-om, cannon fire control system for use in the as yet undeveloped
Bell Aircraft Company fighter (XFM-1), reported: M"Accerding to the
present state of development of the art, it appears that an exact
theoretical solution of fire control with a free gun and a free target
is improbable." The committee noted, among others, the following limita=
. tions in the Sperry proposal: the mounts and gear drives were drawings

only and not yet perfected in detail; the system presupposed an accurate

8, Chief, Arm, Lab, to Capt. C. 5. Irvine, 2 Nov, 1939, in Arm. Tabe
file, Misc. Fire Control 1940. See also Memo Rpt., EES, 10 Octe
PY 1940, in Arm, Lab, file, E.O. 554-2-96; and G.E. Tail-gun Mamal,
19 Nov. 1939.
9. Chief, D to G/AC, 21 July 1936, in Arm, Lab, file, E.O. 554-1~79
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external range finder to apply & range rate imput; the technical problems

of synchronizing the hydraulic valves to coordinate the movement of two

renote guns were not perfected in detall; and, moreover, "there is some

doubt as to the advisability of installing flexible forward guns in a

300 mph airplanet of the XFM-1 fighter itype.

. The Materiel Division objected strenucusly to the committeel's con=-
servative report, pointing out that the very purpose of purchasing such
an installation as that considered in the Sperry proposal was to seek
experience in an unexplored field through experimental expenditure,
General Arnold supported the Haterisl Division; and after accummlating
11 indersements, the project was approved by the Secretary of War for
procurenent during the 1937 fiscal period, at an estimated cost of

® $93,000,29

The Sperry fire control project for the XFii-1 consisted of a comput-
ing unit and a telescopic sight arranged to lay twin 37-mm, caanon by
means of a joy-stick-controlled hydraulic drive actuated by Vickers
units. The system was unlque in that the sight followed the guns instead
of the reverse, which was conventional in gun control systems. The real
importance of the Sperry project, however, lay not in any unique me-
chanical feature but rather in the experience that Sperry was acquiring

. in the field of fire control. The XFM-l computer unit contained ball

carriage speed controls, adding and subtracting differentials,and

precision~-cut, three~dimensional ballistic cams. All of these elements

were to contribute to the success of the later K-series sights in the

10, Memo, Lt. Col. H, S. Burwell, Chairman of Special Committes on .
Sperry Central Fire Control for XFM-1l to C/AC, 1 Aug. 1936, in
Amo I-ab. file, E.OC 55#‘3—"79.
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coming war and to establish the soundness of the Materiel Division's
insistence upon the educational value of experimental contracis.

The iuportance of carefully planned coordination between &ir Corps
and Crdnance Department research programs was never more apparent than
in the case of the Sperry project, which depended entirely upon Ordnance

. for the basie ballistie information which went into the Sperry computer
cams, Withovt realistic bzllistic information, the best drive system
in the world was of little value. Both the Sperry and Douglas 37-mnm.
projects were seriously impaired by the fact that as late asl937 Ordnance
had but inadeguate ballistic data on 37-mn. cannon fires

In January 1939 \right Field revresentatives studying prosress of
the xFll=1 project at the factory indicated the trend in liateriel Division

. thinking by asking whether Sperry or any of the sSperry subsidiaries had
"ayailable or under consideration® drive units, smaller and simpler than
the XFil-l unit, for use in connection with machine-gun turrets. The
XFu=-1 fire control mechanism became an important link in the chain of
Sperry developments, despite the fact that the XFM~1 itself was destined
to be shorb-lived.ll The frankly experimental nature of the Sperry
project became evident in.June 1938 when a conference of Bell, Sperry,
and Wright Field representatives surveyed the entire power-drive problem

. and considered the possibility of converting the project to an alle-
electric gystem "in line with the general itrend toward the use of slectric
systems throughout the aa..’z.rp?k.anua."12 Sperry considered the all-electriec

system to be a second phase in the evolution of fire control equipment.,

11, Memo Ept., FES, 26 Jan., 1938, in ibid.
12, Sperry to XD (WF}, 23 June 1938, in Arm. Lab. file, Fire Conirol
Contract.
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il
. The original XFi-1 computer was based upon the assumption that the
relative positions of the target and attacker would change but little,
and the computer was capable of bubt amall angular rates of prediction.
With the change from hydraulic to electric, Sperry hoped to achieve
angular rates of 30 per second. This prediction rate was established
. as a goal, in Sperry's terms, as "the minimum that should be attempted
if we are to keep pace with the rapid development that must take place
in the a.rt."13 Actually the goal was raised to 6° per second in the
specifications accompanying the Air Corps contract signed ¢ December
1938 for 13 Sperry fire controls ab 27,400, after the experimental
model had been tested in a B—lS.:u"
The fact that the XFM-1 limped along to a limited and tardy produc=
. tion undoubtedly influenced unfavorably the development of the Sperry
fire control apparatus, A test of the emuipment in a YFM-l at Bell's
Buffalo plant elicited only a guarded official opinion of "satisfactory
for the purpose intended"; for at that time there was no way of evalunating
the importance of the educational contracts in strengthening the Sperry
organization.ls
The XFli-1 fire control projeet lingered on at Vright Field long
after it had outgrom its usefulness, although as late as 1942 some
. consideration was given to converting the project for use as a cannon

installation in the B-24 tail.16 Hevertheless, the project was of

13. Sperry to KD (WF), 17 Oct. 1938, in ibid.

14, Phone transcript, Frederick Vose, Sperry and Li. P. E. Shanahan,
WF, 7 Nov. 1938; Chief, ES to 3perry, 1 Sep. 1938; and Contract

® AC 11745, 9 Dec. 193¢, in ibid.

15. Memo Rpt., EE3, 5 April 1940, in Arm. Lab. file, E.O. 554=1-106,

16, Memo kpt., EE3, 28 Feb. 1942, in Arm. lab, file, Fire Control
Contract. See also Chief, Arm. Lab, to Chief, EES, 7 June 1940,
in Arm. Lab. file, E.0, 554-1=129,
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primary importance in adding to the working procedure and engineering
experience accumulated by Wright Field and Sperry.

An interesting sidelight to the Sperry project appeared when the
Materiel Divisicn was informed that "the Navy states that they spent
$9,000,00 with Sperry" for fire control apparatus and receivedzbso=-
. lutely nothing for it," a condition which led to a Navy recomrendation

not to contact Sperry on the mat'l’.c-ar.l7 Exactly six days later, the
Chief of the Navy's Bureau of Ordnance requested detailed information
from the Materiel Division on the Sperry project; and, when thia
information was not dispatched immediately, the Navy brought pressure
to bear through the Chief of the Air Corps to secure the report desired.
The lateriel Division had to fight not only to raise funds for experi-
. mental work but te maintain grgb_r_-_é;t_a_ with manufacturing sources as wsal.]..']'8

In January 1939 the Materiel Division had acquired sufficient
experience in the field of power-driven gun turrvets to prepare a
circular letter for several manufacturers who had displayed an interest
in the subject. The letter contained worizing drawings of the B-12 and
the 30-cal, machine gun, a copy of the armasment section of the Hand-

bock of Instructions for Airplane Designers, and the reports containing
19

all available data from wind tunnel tests of machine-gun drag.
. The problem of creating fire control spparatug presented enormous

difficulties. To begin with, the whole field was relatively unexplored,

17. Phone transcript, Capt. lloore, #F Arm. lLab. and Maj. Whitehead,
CCAG, 5 Auge. 1938, in Erm. Lab, file, E.0. 554-1-79,
18, MWemo, Chief, davy BuOrd to C/AG, 11 Aug, 1937, and related
. - carrespondence, in Lrm, Lab, file, E.0. 554-179,
19. 1D (\F) to Bendix, Maxson, and Sperry, 20 Jan. 1939, in Arm, Lab,
file, Misc, Fire Control 1940,

-4ES FRIDTEL
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The progress achieved to date consisted of the independent projects of
gseveral different manufacturers working separately along parallel lines.
Yoreover, the very nature of the problem required the utmost in engineer-
ing liaison and coordination, Fire control involved sights, turreis,
and aircraft. Sights required ballistic daba which were the responsibility
. of Ordnance., Sights reguired optical components demanding the best of
liaiscn between the computer producer and the optical menufacturer. The
turret producer had to correlate with the sight builder, and both had to
coordinate with the aircraft designer end manufacturer.
At Wright Field it became apparent that no rapid solution of the
fire control project would ever be possible so long as manufacturers
continued to attack the problem individually. Without actually enunciating
. a formal policy, the Armement Laboratory by 1939 began to pursue a program
of cooperative enterprise utilizing the best products of several staffs
of industrial engineers. The branch was finally fulfilling its wartime
role of monitor and engineering lialson center for the developmental
projecks of the manufacturers. The success of this policy is atiested
by the report of an Armament Laboratory engineer returning from a survey
of such cooperative fire control projects of a number of manufacturers:zo
Things never looked so good., We are slowly getting the right
connections, and the farm principle we initiated for ideas and
real talent is producing wonderful results. When all things
. are finally sifted down, we shall be well in advance of what
any single organizabion could develop regerdiess of time.
By the end of 1939 six manufacturers were actively engaged in power

turret projects, but before considering these individual companies in

20. M. E. Goll, Arm. Lab, to W. G, MacNeill, Amm, Lab., 18 March 1939,
in ibid.
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. detail, two other fasctors affecting turret production in the United
States should be studied: first, aireraft delivery schedules, and second,
the influence of foreign turret developments. A tabular representation
of aireraft production schedules snbicipated for parts of 1940~194) is
sufficient to provide a background of information about delivery schedules
. against which to judge the degree of urgency motivating turret production.zl
Date B-17¢ B-17D XB-2, B-24 B-24A B-23 B-25 B-26 2A-20B
1940
April 1 8
May 1 12 )
June 3 14 1
July 2 3 2
. Jug. 1 1 5
Sep. 2 1 2 1 6
Octs 2 2 & 7
Nove 2 2 AN 8
Dece 2 2 20 2 9
1941
Jan. 3 L 2h 7 48
Feb, L L 2 10 53
. March 5 1 2h 19 66
April 5 7 5 2, 2L 1oz
May 5 9 5 24 2 104
June 5 7 6 2L 21 98
. July 7 28
Aug, 7 78 g5
2l. Memo Rpt., » 17 Kay, ,‘J,Q%QF :m .1bid.
< ranfifc
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As to foreign developments, early in 1940 General Arnold directed
thet a search be made of all the Information Division's intelligence
reports for information concerning British power turrets for use by
the Materiel Division. The search revealed that Frazer-Nash turrets
manufactured by Parnall Aircraft, Ltd., were installed in the Hawker
Demon, the Handley-Page Harrow, the Armsirong~#hitworth #hitley, and
the Short Sunderland.22 In addition, anyone who chanced to read the
popular British aviation magazine Flight in October 1936 would have
kaown that Boulton-Paul turrets were also being instazlied on the
Blackburp Roe and Blackburn Skua as well as on the Boulton-Paul Defiant.,

The RAF was "secretly perfecting® machine-gun and cannon turrets
in addition to computing sights, according to intelligence reports from
Britain. As early as July 1939 the Air ¥inistry requested the Admiralty
ftegsearch Laboratory to undertake a control project for "guns heavier
than ,303 mounted in turrets,? and by the spring of 1940 the original
gtraight and level flight" assumptions were being cquestioned in favor
of gyroscopically stabilized sights.23

The full impact of British turret develonment, however, did not
strike the Materiel bivision until July 1940 when two officers, long

associated with the work of the Armament EBranch, submitted a report

22, ER, VD (Gash.) to 1D (WF), 8 Marchl9L0, in Arm. Lab. file, Misec.
Secret Correspondence Folder 2, 1940,

23. Develcpment of Remote Control Airerafi Machine Gun and Cannon
Turrets, by U. S, Military Attaché for Air, England, Rpt. LO982,
18 Larch 1940, in WP Iib., D72.11/93; and "Minutes of the Seventh
lieeting of the Gun Sub-Committee Held at the Air Ministry, 7 May
1940," by U. S. ¥ilitary Attaché for Air, wngland, Rpt. 42277,
in {F Lib., D70/158,

' " . el
et i It {eh

‘THIS PAGE Declassified IAW EO12958




This Page Declassified IAW EO12958
|

ALFHS~5h o 93

covering the British turret progran in minte detail, The officers,
It. Col., Grandison Gardner and Maj. F. Q. Carroll, sailed to Italy in
March 1940 and traveled overland through France to England, where they
discussed turret production with Air Ministry officials, RAT officers,
and aircraft menufacturers, as well as turret manufacturers themselves.
. The two Air Corps observers reported the application of power turrets
to bombardment airveraft as the "oublstunding development of the 3ritish.n
Lven more important, the observers noted, "The installation of these
turrets on some of their bombers had cansed such losses to the enemy
attacking airplanes that the British now claim that attacks directly
aft have been discontinued on these installations," forcing the Germans
to make beam apprecaches with 1ittle suecess. Their report concluded,
. Tt is imperative that our heavy and long range bhombers be eguipped
with at least four turrets," fore, aft, top, and bottom. Admitiedly
gueh armament would reduce bomber speed and performance, but British
practice seemed to have proved the merit of subordinating every bom-
bardment airplane function te its defense, even at the cost of aerodynamic
efficiency.zh
Of the three largest turret manufacturers in the United Kingdomiw-
Bristol, Frazer-llash, and Boulton-Paul--the latter two aceounted for
. the greater part of the total production, The importance of all the
models lay in their ease of iracking and the "positive control at very

low rates of movement™ possible with hydraulic systems almost enbirely

2. UHeport on Trip Abroad," by Lbs Gol, Grandison Cardner and
¢ Maj. F. O, Carroll, 1 July 1940, p. 4, in UF Lib., Doc/232,

== Tl 4008 o, "j‘ .
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free from overtravel, the objection which had induced the British to
reject electric systems several years before the war,

Frazer-Nash turrets, built by Parnall Aircraft, 1td., reached an
estimated production of 16 or 20 turrets per day in May 1940 if the
output of subsidiary factories is included. This figure represented
the total of four different types including 2 quadruple .303 nose and
tail turret, a twin .303 nose and tail turreéwith servo=fed ammnition
belts running to magazine reels amidship where expenditure of cartridges
would not affect the aircraft!s balance adversely, and finally a twin
.303 retractable lower turret called a "dust bin,"

Boulton-Paul iireraft, Ltd., menufacturers of the Boulton-Paul
turret, estimated a production of 65 turrets per day in May 1940, but
the Air Corps observers did not find evidence to corroborate this claim,
Boulten-Paul produced four types similar to the turrets found at Parnall
except that the power drive consisted of a self-contained electro-
hydraulic unit rather than a simple hydraulic turret drawing pressure
through a hydraulic gland from the ship's system. The Boulton-Faul
system, employing a ladder electrical power lead, greatly reduced its
vulnerapility to enemy fire in contrast to the long, exposed hydraulic
feed lines required by Frazer-llash. Perhaps the most important differ—
ence between the two types of turret lay in the fact that the Frazer—
Nash system rezuired varied angular displacement of the control handles
as the torque load varied, while the Boulton-Psul system compensated for
torque, and equal control displacement gave equal angular movement under

all conditions of loading.

RO [0 ey o7
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nThe British have shown the way and the method together with the
results to be cbtained in the installation of machine gun turrets,"
noted the Cardner-Carroll report, and '"no effort must be spared to
25

apply this type of mechanism to our own advantage." The remaining

guestion for the Air Corps, therefore, was whether to take over British
. turrets in their enbirety for manufacture in the United States or to
produce independent designs for local production. The critical element
of time favored the former course, but a greater number of factors
weighed in the opposite balance,

Despite the fact that Col. Z. A. Deeds, representing Pratt &
Whitney, was reporbed to be negotiating with the British for turret
manufacturing rights, high British officials had suggested informally
that the Air Ministry might be willing to trade turret designs in
exchange for America!s Norden bombsight. Any such exchange would in-
evitably involve a delay.26 Furthermore, the Gardner-Carroll report
held that British turrets were heavy and cumbersome and ill-suited for
use with Air Corps bombardment aircraft.27

American naval air officers who had an opportunity to operate
British turrets in various aireraft (including the Manchester, Halifax,
Stirling, Sunderland, vhitley, Wellington, Defiant, Beaufort, Botha,
. Anson, and Hudson) were of the opinion that turrel development in

England far surpassed the progress made in the United States and that

nevery effort should be made" to assist the British manufacturers to

25« ZTbide, Pe Te
. 260 Ibidt, Pe 5l|-.

27, Ibid., p- 2h.
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‘ establish facilities in the United Sta.t.es.zs The cquestion was not
settled for many months, and as British production increased and manu~-
facturers in the United States devoted larger amcunts of time and money
to turret developrent projects, the likelihood of wanufacturing British
turrets in the United States diminished proporticnally.

. By the end of November 1940, Parnall, Ltd., and a combination of
30 subsidiaries were employing 4,500 men in the parent plani and a
total of 30,000 men directly and indirectly to achieve an output of
600 turrets a month with an estimabed goal of 1,000 turrets a month,

An organization of this scale lent welght to three axiomatic contentions
made by Boulton-Paul as well as Frazer-Nash: (1) turret production should
be separate from aireraft preduction, that is, turrets should be treated

. as government-furnished equipments (2} each turret menufacturer should
produce cne type of turret, that is, hydraulic turret manufacturers
should stay in the hydraniic field and electric turret manufacturers,
in the electric field; and (3) turret manufacturers should not attempt
to modify until production was rolling and modification could be carried
out without detriment to production output.29 That this latter axiom
was Jearned from bitter experience was inferred by the Assistant Secre—
tary of Var in August 1940, "It has been reported that one of the

. factors conbtributing to the present desperate position of the British

is the failure to freeze designs,™ he warned the Army procuremnent

2%, "Information on Frazer-Nash and Boulton-Paul Aircraft Machine
Gun Turrets," by U, S, Haval Attaché, England, Rpt. 1569, 29 Nov.
1940, in WF Lib,, 072,11/102,

¢ 29, Ibid.
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services:
The Technical Services are never satisfied with anything less
than a perfection which is always uncbtainable. The best is
the enemy of the goods If we are to avoild the catasirophe of
"goo late and too little", there must be a declsion as to pro-
duction types. Germany has demonstrated that thousands of
imperfect tanks on the battiefield are betier than scores of
perfect tanks on the testing ground,
(] In the fall of 1940 the Materiel Division requested the British
Air Commission to secure working drawings of the two major British
turrets and physical. samples as scon as shipment could be a.rra.nnged.?’:IL
Heanwhile, intelligence reports from Britain were reiterating that
“more and more evidence is piling up that mechanical turrets are absom
Jutely essential to the success of airplanes whose size permits their
2
installa.ticn."3 The French apparently believed in the necessity of
. power turrets, for attaché reports commented on a hydraulic turret
designed by the Societé Duplication de Machines Wotrices. The Germans,
however, gave no evidence of faith in the power turret doctrine., Flexi-

ble gun installations examined on captured German aircraft 1acked power

drives and were considered "extremely crude!" by RAF observers.33

As to
the United States, the chapter below discusses the progress made by six
interested manufacturers through 1940, when contracts for quantity

production began to appear.

. 30. Memo, ASW to C/AC, 26 Aug. 1940, in CTI~96, 7 Sep. 1940, in Arm,
Lab. CTTI file,
3L. TiX, EES to E3, MD (Wash.)}, 7 Oct. 1940, in Arm, Lab, file, Machine
Gun Mounts, 1940.
32. UID, Britain, Confidential Rpt. 336, in MID, United Kingdom, Rpt.
41,368, 3 Sep, 1940, See also CTI-92, in ATSC 473.5, General.
33. "French Airplane Armament and Armor Protection," by U. S. Naval
Attacheé, France, Rpt. 49, 31 Jan. 1940, in WF Lib., D70/136; and
. Examination of gun mounts on He-lll airplame, British rpt. for-
warded by U, 5, Military Attacheé, England, Rpt. 42514, June 1940,
in WF Iib,, D72,11/108 and 109,
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Chapter VI

PCYER TURRET DEVELOFLENT: FIRST INDUSTRIAL PHASE, 1939-1940

The Furopean war brought the Air Corps to a difficult deeision.
. The United States had no air force, generally speaking, in 1939, so it
hecame necessary to gamble on a ®paper" air force--gamble to the extent
of projecting a series of new airplanes for development in the hope that
+hey would reach production before the United States became involved in
the war., This gamble applied as well to accessories and ammament. In
the hectic early days of the war in Burope, the llaberiel Division sought
. to accelerate experimental work on fire control equipment by breaking
the whole problem into separate covrouents, each to be 2 project within
ilself, Tentatively, and as a point of departure, the major industrial
concerns interested in turret development were assigned specific air-
planes to am. In this way it came about that Sperry designed eguipment
for the B-17, Beadix for the B-25, lartin for the B-26, and General
Flectric for the A-20. All these and several other projects were under
wey simultanecusly, but each manufacturer's turret development will be

discussed individually.

Speryy Gyroscope Company

As far back as 1936 the Lateriel Division was acutely aware of the
need for fire control apparatus, A&As the caliber of aireraft guns in-

cressed, the number of rounds of potential fire per minute decreased,

98
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and this decrease made greater sighting accuracy mandatory. It was
logical to invite Sperry representatives to attend a fire control pro-
ject conference at right Field, for Sperry had slready accumulated
considerable experience in designing naval and antiaircraft gun di-
rectors.l The Sperry engineers who visited .right Fleld discussed
. computers, power drives, and fire control systems with Armament Branch
personnel and sketched tentative plans for future Sperry projects, but
the original idea of fire control devices for guns of larger caliber
was subverted by the fact that it had.proved necessary to base all
considerations on ,30~-cal. ballistic tsbles, "inasmuch as no information
had been availsble on trajectories of 20 and 37 mm amunition."2
Out of the conversations held at "right Field came the XFi-l pro-
. ject as an immedizte objective in 1936, delaying the ,30-cal, fire
control project until the Sperry proposal of March 1939, which covered
a compubting sight for use in connection with hand-held flexible ,30-cal.
machine guns. 7The proposal specified a reflex or collimator sight unit
to mount above the machine gun spade grips, where it could be fed azimuth
and elevation rates by flexible shafts and data on relative lateral
velocity, slant range, and indicated airspeed by manual input dials.
At the same time that the sight proposal appeared, Sperry drew up
. tenbtative specifications for a "means for laying one or two indirectly
controlled caliber .30 flexible machine guns from a central station,"

ineluding flexible cebles up to eight feet long for transmitting sighting

1, Chief, ES to Sperry, 20 May 1936, in Arm. Lab. file, E.0. 553-1=79.
- ) 2. Yemo Rpt., EES, k June 1935, in ibid.
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station rates to a power-operated gun mount by means of Maxson torque-
conver‘l',ers.3 Something of the urgency and pressure of the times is
apparent in the record of Sperry projects, Seven days after the Sperry
proposals were prepared, an Armament Branch officer visiting the Sperry
plant in New York telegraphed uright Field recommending that the divi-
sion delay approval on the flexible gunsight project since other projects
L

looked more promising. Fire control projects were slow in gathering
momentum, but once under way the novel ideas came in fast,

In June 1939 Sperry reported that its research engineers were
preparing a comprehensive treatise attempting to outline every phase
of the fire control problem, Sperry expecied that an all=inclusive
solution or system would cost about $150,000, and Sperry officials were
anxious to sound out ilright Field on the possibility of a fire control
system contract. However anxious the Armament lLaboratory may have been
to enter promising new lines of development in 1939, it was necessary to
wait for the next fiscal year!s appropristion before any extensive
expenditure could be undertaken, Nevertheless, an futhority for Purchase
was prepared for a .30-cal, computing sight at #24,000, and an expendie
ture of £%,000 was authorized for beginning work on a central-station

fire control system of .30~czl. machine gun.s.5

L]

The central-station fire control project (CFC) grew logically out
of the original Spexrry +30-cal. flexible pun sight, which had centered

3. Sperry Specs. and Proposals, 10 March 1937, in Amm, Lab, file,
E.O. 55h""2-970

L. TWX, Shanahan to Hoore, 17 Larch 1939, in ibid,

5, Phone transcript, Fred Vose, Sperry and M. 2. Goll, Arm. Lab.,
23 June 1939, in ibid,
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attention on the whole fire power problem and indicated the necessity
of a composite system of sight, computer, and remote~contrcl power-driven
gun mount, The negotiations with Sperry over the +30-cal, aight project
led the Materiel Division to conclude, "Consideration of fire conbrol in
its broader phases cannot be longer delayed," The very act of conpiling
. adequate working drawings for Sperry engineers to use as s point of
departure brought the problem of bombardmwent defense into focus, particu-
larly when the Armament Laboratory felt it necessary to sound out tactical
pursuit units for information to use in preparing studies on the modes of
pursuit attack for Sperry's benefit.6 .
The search for information on angles of attack delayed the fire
control project somewhat but not nearly so much as the cumulative delays
. imposed by the restrictions of the secrecy agreements surrounding all
projects of this nature. It was typical of this limitation that the
Vateriel Division retained its dossier of information on airersft designs,
machine-gun dimensions and performance, and pursuit attack until a con-
tract was actually negotiated with Sperry, when the material was forwarded
for use.7 The effects of this policy on the course of development raise a
cnestion. Would the interests of the Materiel Division have been better
gerved by the restrictions and limitations of secrecy, or by a policy of
. providing relisble manufacturers with every scrap of available informa-
tion even before a contract of any sort was contemplated, to the end

that the manufacturer's engineers could have become thoroughly versed

. 6. Yemo Rpt., ES, 18 April 1939, in Arm. Lab. file, Misc, Fire Control
1950,
7. Chief, EES to Sperry, 1 May 1939, in ibid.
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. in the broader aspect of the problem in hand? Specifically, would it
not have been far more productive if Sperry, G.E., Bendix, and wWesting-
house, to nare but a few, had been supplied with all the available
informabion necessary to project a fire centrol system long before funds
became available for such an enterprise?

. ‘hen at last the necessary information was made available, Sperry
engineers prepared a ireatise on the fire power problem, evaluating a
wide range of factors including volunme of fire, dispersion, encounter
duration, weight limitations, size limitations, personnel requirements,
eage of maintenance, reliability, and cost, This evaluation was materially
improved because of Sperry's experience with the XFM-1 Bell fighter prow
jechk.

. Spexrry concluded t.ha.’tz a fire control system should contain a minimum
of two sighting stations and computers, each a combination of upper and
lower periscopes with a 36° scanning cone., Stereoscopic and coincidence
range-finder systems having proved unsatisfactory in experimental tests,
Sperry favored a stadimeter range finder, After an extensive survey of
& large number of drive units (electric, external hydraulic s and in-
ternal or self-contained hydraulic), Sperry selected the last as best
suited for handling excessive torque loads in certain positions, wide

. temperature and pressure variations dependent upon altitude changes, and
difficulties incident to unbalinced torgue loudings arising with ome gun

firing.

8. Central Station Fire Control System, a treatise on defensive armament
. for bombardment type airplanes, prepared by the sircraft srmament
departmentof Sperry Gyroscope Go., 29 March 1940, in Arm. Lab. file,
E.O. 55‘{1-"'1"129i
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Sperry proposed to build an experimental, remote, retractable
turret mounting twin .50's and a computing sight for $116,325, or, in
quantity, at 359,835 each.9 The plans called for construction of the
compuber and drive-control combinabion, but the turrets themselves were
considered to be "intepral parts of the ailrplane structure and there-
. fora anpropriately part of the airplane manufacturer!s contrac’o.“lo
The problen of dividing responsibility for the various components
was no more confusing than the rapid changes in plan and design. Pro-
posal followed proposal in rapid succession, and no system or program
reached completion in its original form. Uardly had Sperry received an
Authority for Purchase for two compubers and three controls at 579,277
when the Lateriel Division requested a proposal on a complete central-
. gtation fire control sy’stem.ll
In order to cope with changing concepts, designs, and contract
status, Sperry adopted a policy of planning all component units for
interchangezble use as nearly as possible, The proposed CFC system was
to utilize the hydraulic conirols perfected for the ,30-cal., turret and
the computing sight designed for hend-held gun use. Sperry wanted all
units to be "salvapeable,™ each unit sufficiently flexible to be adaptable
to a combination of problems.lz
. Throughout the early months of 1940 Sperryy and the Materiel Division

groped for & solution to the bombardment armament problem. The hand-held

9. Sperry to ED (WF), 23 March 1940, in Arm., Lab, file, B,0, 554-1-141,
_10. Sperry to XD {iF), 29 Harchl940, in Arm. Lab. file, E.O. 554=1-129,.
11. Sperry to ¥D (WF), 15 April 1940, in Arm. Lab. file, E.Q. 554-1-123.
. 12. Phone trglé§0§ig‘§el,‘.i'y1%d Vose, Sperry and Chief, Arm. Lab., 30 April
1940, in"7oidy" ;ii“g‘., EES, 17 Vay 1940, in Arm. Lab, file, Mise,
Fire Control 1940,
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. gunsight gave way to the turret system, but efforts to put a computing
sight into a locally controlled turret filled the turret with apparatus
and left the gunner off center. Tnis led Sperry to visualize a sighting
station remote from the gun turret with mechanical linkage by flexible
shafts or electric linkage by control circuits to orient the sight with

. the guns. Whatever solutiocn might win ultimate approval, Sperry was
anxious to build the CFC aystem out of locally controlled turret components
and to create a standard design and a measurs of insurance against complete
frustration should any single installation prove unserviceable,

In May 1940 thc Boeine Aircraft Compeny cxpecied to equip the B=l73
vith a twin-.50 upper rctroetable turret coupled to a remote sighting
station containing a computer, and a similar lower remote using a Keuffel

. and Tsser driftmeter noncompensating sight within the structure of the
turret itself., hen an Air Corps Board rejected the idea of using a
modified driftmeter lower sight, Poeing warned the Materiel Division
that delays involved in replacing the sighttwill kill the whole turret
progran for all B-17¢ airplenes,V DBoeing was unwilling to plan on any
basis of "mythical anticipated development."lB

The program of the moment was to arm the B=17C with two walst hand-
held ,50's mounting compubting sights, the upper remote, and the lower

. with a modified driftmeter sight. Sperry wes to provide the sight, com-
puters, flexible shafts, power units, end controls; Boeing was to build
the turret dome or enclosure, the ring gear mounting, gun mounts, and

gear btrains., This division of responsibility, however, was considered

13. Boeing to MD (WF), 17 May 19403 and TVX, Boeing to XD (WF), 7 June
1914.0, in Arm, Lab, ﬁle, E.C. 55}'!""1-129.
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far from satisfactory. 3Boeing, as the aircraft manufaciurer, preferred

to be provided with ready-built turret units as "Government Furnished

Squipment™ (GFE).M'

The initial delays encountered in settling upon a satisfactory

bomber defense system and the delays encountered in dividing responsi-~

. bility between Sperry and Boeing were bub minor compared with the engineerw
ing difficulties and delays that appearsd as the project neared completions
The dperry system operated on 24 volts D0, while the B-l7C contained a
12-volt DC system. Temporary power packs were necessary Lo test the
apparatus, and a makeshift installation impalred the walidity of the tests.
More important, perhaps, were the inadeguate facilities for realistic
gservice testing., The Materiel Uivision tried to secure a B-23 to replace

. the B-18 for tow-target besting of the installation against a speed
fapproaching that of the B-l'?f}.“l5 It would be difficult to estimate
Jjust how seriously Sperry development was retarded by the discrepancy
between the relative speeds of a B-18 or a B-23 and a modern fighter
attacking along a pursuit curve.

By July 1940 the plan for a complete fire control system for the

B-l7 was abandoncd in favor of a more immediate solution to the armament
problem, so that the threatened delays in armament development would nob
endanger B-17 production. AL a conference of Armament Branch and Sperry

. representatives in July 1940, it was decided that Sperry would build a
locally controlled upper turret mounting twin .50's, each with 400 rounds

of anmmunition. The turret was to accommodabe a compensating sight when

’ 14, Chief, PES to Boeing, 23 May 19403 and T.JX, AC Res. Rep., Boeing
to ¥ (WF), 18 June 1940, in ibid,
15, T.X, Chief, ¥ES (WF) to Chief, Arm. Sec. (Wash.), 5 Dee, 1940, in
Amn, Lab. file, E.0. 554-1-1hLl,

TS HNE T —
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ane became available, This decision proved the utility ot the Sperry

ABFHS-5L

salvageable! principle, for the interim eauipment was fabricabed almost
entiraly from componenty planned for the other more complex systems, As
to quantity production, the delivery schedule planned for the upper local

1
turret was az follows:

Lionth Tear No. Turrets
Hoverber 1941 1
Degember 1941 11
January 1952 20
February 1942 20
March 1942 20
April 1942 H0

The Armament Branch, meanwhile, had been conducting extensive tests
. to determine the best form of installation for turrets. Lower turrets,
especially, presented a problem,-since no satisfactory solution had as
yet been offered to overcome the difficulties of sighting below the
fuselage level. In Afurust 1940 a liork Order was prepared "io cover all
work in comnection with the development of & retractable type flexible
gun turret for installation in the floor of a bombardument type airplane.t
In September this was modified "to cover extension of the investigation
to include consideration of a spheriecal, non-retractable turret."l7
The spherical lower or ball turret idea proved so satisfactory that
o the liateriel Division sent rough drawines of the installation for Sperry
to elaborate on, and authorized production of the ball turret for use on

the B~17E in lieu of the originally contemplated lower remotes-lg

' 16, lemo Rp‘b., PA.D, 9 July 19L D, ATCJ l[-73.5, General.,
17« Siork Authorization Sheet, 13 Auge 1940, in Arm. Lab, file, E.Q.
553=1~337.
18, TX, 1D (WF) to Sperry, 20 Sep. 1940, in Arm. Leb. file, Z,0.
551'}'1“1410 .
—ESFGEY 1
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Tthen the liateriel Division negotiated a contract in December 1940,

107

Sperry turrets were finally approaching the production phase. This
contract called for 540 upper local turrets ab 37,185 each (totaling
%3.879,900) and 113 lower remote turrets at 511,275 each (totaling
%1,274,075)s The lower remotes were to eguip B-L7's until the 113th
article, when it was expected that the newly conceived bali turret would
be in production.19

After it had been decided to supply turrets as GFE rather than as
integral parts of the airplane, Sperry was forced to seek a manufacturer
to perferm the heavy casting and machiae work which the Sperry facility
was net prepared to handle. The contract for 540 upper turreis made
this step most imperative, and Sperry selected the Steel Products
Engineering Company of Springfield, Chio, as a suitable subcontractor.20
As to other subcontractors, in November 1940 the lateriel Division
invited Sperry to display its experimental models at the proposed Air
Corps aircraft equipment exhibit in Detroit, an exhibit to induce
aubtonobile manufacturers to undertake contracts for military aireraft
compenents, Sperry declined, however, reporting that a Detroii sube
contractor, the Briggs Manufacturing Company, had been engaged to take
over the actual assembly and heavy tooling work on the Sperry lower

21
turret,

19. Contract W535 ac 16235, 27 Dec, 1940, and supplementary A for P,
29 Jan. 1941, in ibid.

20. TWX, ¥D (WF) to Sperry, 21 June 1940, in Arm, Lab, file, E.0,
554=1-129,

21, Phone transeript, Nr, Lee, Sperry and Maj. Zarly, ¥D (WF), 6 Nov.
1940, in PES Arm. Unit File, Sperry Ceneral to Dec. 1941,
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The Sperry lower ball meunting tuin ¢al. .50 machine
guns., Installed in « B-17. 1941,
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Sperry's difficulties in turret production were summarized by one
company official as follows: "Instead of having about three years to
get things ready, the whole thing has to be done simnltaneously, that
is, developing and getting into production at the same time. This is
what has caused the delay." If upper turret production was two months

. behind B-17 deliveries asnd lower turrets were four or five months in
arrears, the delay was understandable in view of the fact that produc-
tion dogged the heels of exnerimentation, but even so there could be
no escaping the fact that aircraft delivered without armament would be

useless in combab,.

Tucker Manufacturing Company
. In July 1939 the Chief of the Air Corps infomed the Lzteriel
Division of an Mingenious electrically controlled gun turret" built

by Preston Tucker of ¥psilanti, }sI:'v.ch..z3

Yright Field representatives
visited the Tucker Manufacturing Company to inspect & 37=-mm. cannon
mounted on an armored cars The Tucker turret proved to be slow.moving
but offered some promise for possible conversion to aircraft use,
egpecially with respect to an unusually favorsble feature, a commutator
which did not are under repid reversals. Another novel feature in the
Tucker drive motor was the use of glass-impregnated coils as burn-out

. deterrents. A lever-action, carbon-disc varisble rheostat controlled

the £ield current for speed variations in the fixed-armature current

22, TIbid.
. 23. G/tC to Unief, 1D, 13 July 1939, in AAG 473.5.

:‘ i;_:? - -
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motor, Despite the fact that the drive showed no tendency to hunt and
produced an 2dequately high torque at low speeds, the low or minimal
tracking apeeds were definitely unsatisfactory.

Tucker attended the turret conference held at wright Field shortly
after the outbreak of hostilities in September 1939 and proposed to
build an electric power drive for incorporation within the existing Bels
manual turret. This twin-,30 turret was to achieve a l;.5° per second
azimath speed with a 12-volt DT drive motor, thce whole to be equipped
with & fire cubt—out or inkerrupter, =lectric or dymamic brekes to prevent
structural interference with the gun muzzles, and provision for emergency
manual operation.25 The Tucker proposal asked for $10,000 for dn experi-
mental model.%

Five months passed before work actually began on the installation.
in extended delay was encountered in securing a B-18 to send to Tucker,
and the Armanent Laboratory had to ask Selfridge Field for some solenoids
when none could be found at /right Field to satisfy Tucker's requeat.27
The confusion of the Vfa.r-born accelerabion of ackbivity and the critical
lack of standard equipment items such as muchine-gun solenoids at iright
Field tended to impair the progress of turret development,

Delays in negotiation may have been detrimental to Tucker, but
almogt from the very beginning a turret designed around the already

obsolescent B-18 was doomed to failure, In December 1940 the Materiel

2hs Memo Rpt., ESS, 24 dug. 1939, in Arm. Lab. file, E.0. 553-1-303.
25, ltemo Hpb., 553, 25 Sep. 1939, in ibid,

26, Tucker to LD (WF), 29 Sep. 1939, in ibid,

27. IOI, FLS to PES, 30 Nov, 1939, in ibid,

Mt =
DL ?‘ﬁ‘_’] _r‘ r
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Division concluded that the Tucker turret was "not representative of
the assemblies contemplated for possible future procurment-"zs

iwen if the Tucker turret did not represent a production type,
the problemss encouantered in its evolution were valuable experience for
the Arnament Laboratory, where tests on the Tucker experimental model
revealed the necessity of preparing specifications which would include
minimum slewing speedse. British practice had revealed the necessity
of such a step loag before, bul apparently each new designer had to
learan the hard way. As & starting point, it was proposed to establish
10 mils or something more than l/2° per second as a satisfactory mininmm.29

The Armament Branch considered Tucker as a possible source for
turrets to arm the first 100 B-1l7 airplanes eguipped only with hand-held
machine guns. Although no contract was signed, Tucker prepared to build
a model turret improving on the original experimental installation sold
to the Materiel Division, The modified turret carried twin .50's in
place of the ,30's of the original version and added a hydraulic power
drive to secure smooth, low-speed tracking cl:za:n:'ar.ﬂ;e::':i.sa’c.ics..30

The Armament Laboratory prepared an Authority for Purchase to
procure & laboratory test model of the revised turret.sl The design,
however, proved sufficiently unsatisfactory to werrant its rejection,
and the Chief of the Air Corps informed the Ordnance Department, which

had plant cognizance over the firm, that there was "no probably production

28, X, EES (WF) to Arm. Sec, (Wash.}, 4 Dec. 1940, in ibid.

29. Memo, Capt. P. E. Shanshan to Lt. Col., Grandison Gardner, 28 June
19’-}0, in Arm, La-b. file, E.0, 5%-1-1300

30, Memo Rpt., ES, 1 Aug. 1940, in Amm. Lab. file, Tucker Aircraft
Corp. Caliber=,50 Gun Turret.

31. & for P 175577, 3 Dec. 1940, in Arm. Lab, file, Machine Gun Mounts

19110. £ CEEN T e Bk
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requirement® for the Iucker turret capacity which could be utilized for
armored-car and surface-craft turret conatruction.sz As a producer,
Tucker's capaciby was noi entirely inconsiderable, The manufacturer
claimed to represent not only his own facility but three others as well;
Graham Palge Motors, the Excel Foundry and Machine Company, and the
. Crocker-ftheeler Electric Kanufacturing Company, all at Detroit.33
The fate of Tucker's project pointedly demonstrated the inadvie=
ability of turret develomment withoub adeguate financial resocurces.
To perfect a turret and carry it successfully through the experimental
stage to the threshold of production required either a government-
financed experimental contract or a corporate organization of sufficient
scale to absorb the unproductive immediate costs of the period of research
. and experimentation. From that point on, if adequate information was
available in the form of combat experience, the evolution of a power
turret would become little more than a matter of applying sufficient
engineering ability to specific technical problems.

Bendix Aviation Corporation
#hen the Armament laboratory began casting aboui in the winter of
1939 to find manufacturers interested in fire control apparatus, the
Bendix Aviation Corporation in South Bend seemed to offer ideal facilities
. for the project, in view of the corporation's interest in aircrafi ac-
cessories, This facility, however, was temporarily denied as a potential
source by a directive from the Chlef of the Alir Corps, who stabted that

@ 32, GC/AC to Chief, Ord. Dept., 6 Dec. 1940, in AAG 473.5.
33. Tucker to MD (Wash.), 3 June 1941, in ibid.

e
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. "Pending completion of negotiations between the Bureau of Ordnance, Navy
Department, and the Bendix Corporation concerning this development, it
is desired that no further confaucts be made with that Corporation with
reference to this pro;ject."m" Apparently no cooperation betwsen Air
Corps and Navy personnel was anticipated from the very beginning,

. In spite of this Injunction, a Bendix engireer, J. H. White,
attended the lright Fleld turret conference in September 1940 and, in ,
coupany with Armament Branch personnel, made a flight in a B-18 which
was Mattacked" by a pursuit plane simulsting combat approaches, in
order to help khite become "thoroughly familiar with the problem and
have a comprehensive knowledge of the solutions desired." The idea
was undoubtedly an excellent one, well worth frequeat repetition with

. other manufacturers! engineers; but just how anyone could become
thoroughly familiar" with the problem of borbardment defense in a
single flight is rather difficult to understg%%\f?’(ﬁﬁte's vigit to
Wright Field was not without result.

Late in September 1940 Bendix began preparing studies on various
solutions to the turret problem, uppers as well as lowers. On the basis
of availsble B~l8 turret drawings, Bendix undertook to design a hydraulie
turret with a gear pump drive unit constructed with a mesh sufficiently
fine to avoid all line pulsations.35 In an attempt to visualize a spherieal

. lower turret, Bendix prepared a photographic report of the problems in-

volved in fitting men of varying weights and sizes into spheres of

34. Chief, MD (VF) to C/AC, 31 Yarch 1939, and lst ind., 17 April 1939,
. in Arm. Leb. file, Misc. Fire Control file 1940,
35- Wemo Rptr-, ES, 20 Sep. 1.939, in Arm, lLab, file, E.Q. 553-1—119.

A At
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. different diameters, but the complications encountered led finally to a
decision favoring a periscopic sight solution.36 This remotely controlied
lower turret was to contain twin .30's in a truncated cylindrical pro-
jectlon or a hemispherical under-dome, manually retracted. In Qctober
1939 Bendix plans called for a turret capable of 360° azimuth rotation

. and a possible plus 10° to ninus 90° elevation arc, The gunner was to
be within the aireraft fuselage in a "stationary trough upholstered for
reasonable camfort.® All the details of the hydraunlic drive had not
been worked out, but Bendix expected to achieve azimuth rates ranging
from 1/4° per second to 45° per second.>!

Two months after the hydraulic version was discussed, Bendix sub-
mitted a formal proposal to the Materiel Division offering an all-

. electric turret drive for application with both an upper and lower turret.
The upper, mounting twin ,50's, was to operate through a speed range of
3° to 600 per second on a one horsepower motor, Variasble speed adjustment
was based on DC pulsating control field current derived from positioning
a wobble-stick control handle which determined the speed of pulsation by
moving & brush across an eccentrically segmented commmtator running at a
constant speed. The proposed specifications epparently neglected the
all-important consideration of minimum tracking rates and gave no indica-

. tion of anticipating any difficulties with excessive arcing at the
pulsator control. The lower wes to utilize a system similar to that of

the proposed upper, mounting twin .30's instead of .50's.

36. Bendix to Lt, Donicht, WF, 22 Sep. 1939, in ibid.

. 37+ Memo ipt., EES, 31 Oct. 1939, in ibide See also Change Orcder No. 1,
9 Outbs 1911-01 *
s o e

voake
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The Bendix proposal offered an experimental upper turret complete
with a compensating sight for {30,075, an experimental lower turret with
coupensating sight for 531,675, a compensating sight alone for $l9,050,
or a cambination of all three for $75,6L5, to be delivered within nine
to 12 monbhs. These figures represented the outcome of a sixe-month
experimental period during which two groups of Bendix wngineers, one in
New York and ancther in South Bend, sought a sultable turret drive., The
New York group worked in electric drives, the South Bend group, with
considerably less suceess, in hydraulic d::'j_w.res.38

The two Bendix research groups set out to develop a power turrst
using the Navy specifications of May 1939 as a peint of departure., In
a Lreatise prepared on hydraulic turrets, the South Bend group established
some basic assumpbions: the ultimate objective was to increase fire power;
this could be done by more or heavier guns; improved turret design to give
more power with less weight and drags; or improved sighting and turret
design, specifically by .building a continuous rotation turret capable of
training without effort and so constructed that the gunner would remain
always in a fixed relation to the guns and gunsight.

By attacking the project with a definition of principles, Bendix
seemed to indicate a correct approach to a most difficult engineering
problem, but the proposals following this lnitial expression of policy
apparently bogged down because of failure to secure an adeguate Wapprecia=
tion of situation." Both Bendix research groups demonstrated a palpable
lack of familiarity with airplanes in general and alrcraft armament in

particular.

38, Bendix to MD (WF), 19 Dec., 1939, in Arm. Lab., file, (Oversize)

~x SRICTER
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In drawing up tentative turret designs around the B-18 turret,
Bendix engineers visualized a gunner sitting behind & gun rather than .
between twin guns, and on this premise declared it structurally im-
pogsible to swing the gunner in & fixed relation to his guns through an
adequate field of fire. Similarly, in exploring the utility of a

. standard follow-up valve, such as the hydraulic valve manufactured by
the Clark Zguipment Company for steering gear booster installations
requiring torgues up to 6,000 pounds, the Bendix engineers seemed unable
to visualize the application of & follow-up control valve to continucus
rotation turrets. The pursuit of position control apparently blinded
Bendix to the possibilities of speed control. Nothing indicates more
pointedly how important the Armsment Branch policy of farwing out ideas
had become., Working independently, industrial engineers were delayed
by specific problems which had been solved elsewhere, Adequate coordina-
tion from Wright Field made it possible to select the best ideas from each .
manufacturer and add to them a wide range of practical experience with
bombardment aircra.i‘t.3 9

#hen Bendix finally decided upon an electric turret drive, the
Materiel Division prepared a contract for an experimental lower turret
at $45,600, The vague and generalized nature of the specifications
accompanying this contract indicated the relatively undeveloped status

. of the project, The lower furret was to drive twin ,50's electrically,
360° in azimuth and 100° in elevation through a speed range of 3° to &0°

per second, The circuit was to be provided with a fire cut-out device,

39. Bendix Proposal, 19 Dec. 1939, in ibid.
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dynamic-brake structural interrupters, and limit stops. The plan called
for two novel features, a hydraulic gun charger and a periscopic sight
with a 20° cone of vision. The whole turret was to be retractable and
g0 designed a3 to be suitable for installation in the B---l’i’.ko

The lower periscopic sight was novel, but from its very izzxcept:i.on
not all Bendix designers were convinced of its utility for combat use.
While one Bendix regearch worker questioned its use, another supported
it, cleiming that the image on ground glass ensbled a gunner to find a
plane more easily than with the naked eye despite the reduction in size,
The theory supporting this claim maintained that the area of acuity of
the average retina is fairly narrow, Objects with little relative motion
outside this area are hard to see. If the whole area is reduced, the
effective area of acute vision is increased.hl The theory was perhape
sound enough for limited-area scanning, but quite cbviously the Bendix
engineers were unfamiliar with the problems of 3600 hemispheric search
and the speed of modern combat attacks,

Although the Bendix lower turret was still in the carliest stages
of fabrication in the spring of 1940, the need for such a turret had
become acute, Douglas queried Bendix on the possibilities of a lower
turret for use in the B-23, while the lower turret requirement for the
B-25 had become absolutely n’x«and:nrl:oz‘,v..l'2 In the B-25, weight and balance

40, Contract W535 ac 14144, 14 Mey 1940, in Arm, Lab. file, E.Q,
553-1-~119.

Al. Bendix to MD (WF), 17 June 1940, in ibid,

42, TWX, AC Res, Rep,, Dougles to XD (WF), 2L March 1940, in ibid,
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considerations were of such critical importance that upper and lower

turrets were necessary to eliminate the tail gun installation en.’t'.:i.x-e.'l.;r..l"3 .

The pressing demand for a lower turret led the Armament Laboratory
to recommend that the GFE Branch of the Materiel Division open negotia-
tions with Bendix to prepare the way for lower turrets in production
guantities to fulfil the turret requirements for medium and heavy

bombarduent airplanes.m

Somewhat earlier the Ordanance officer at Wright
Field had suggested that production would be best served if each type of
turret could be designed for a specific plane model, but the demand for
turrets ran shead of design perfection and the turret primarily devsloped
for the B-25 was of necessity considered for the B-l7 and the B-2,, The
Ordnance officer also suggested a system of design control, routing all
drawings znd design problems through Wright Field to insure production
Hexactly as desired” by the Armament Branch.ks An organization accustomed
to processing a peacetime budget of a few thousand dellars abruptly found
itself concerned with contracts involving millions, and the techniques of
monitoring engineering developments and establishing effective design
controls had to be perfected even as the contracts were in effect and
being fulfilled,

By September 1940 the Bendix lower turret was undergoing firing
tests at the Aberdeen Proving Grounds, and & month laber aerial tests,

conducted in a B=17B, revealed the basic difficulties which were to hound

43, HNorth Americamn to UD (WF}, 15 March 1940, in Arm. Lab. file, North
American B-25 Contract ac 13258,

ik, IOM, Chief, Arm, Br, to Chief, GFE Br., 15 July 1940, in ATSC 473.5,
General,

45. IOM, Chief, Ord, Depts to Chief, Arm. Br., WF, in Arm. Lab, file,
Eooo 553"1"1190
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Bendix electrically driven lower turret mounting
twin cal., .50 machine gune, This photegraph ¢
shows the gunnerts chest rest and tkez eyepiece of

the periscope sight mounted on top of the main
revraction screw. 194l.
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the turret throughout its productlon career: an unsatisfactory cone of
vision, inadequate scanning, a sight head rendered ineffective a few
minutes after take-off by oil smudge, and an unsatisfactory ammunition
kb

feed system.

Glenn L. Martin Company

The Glenn L. lartin Company, in its specifications for a new medium
bomber, the B-26, originally called for a total armament installation of
four flexible ,30's. The drawings of July 1939 calied for a single nose
and tail gun, a floor gun, and an upper single .30 mounted in a "rotating
enclosure," all hand-held,

The Martin upper turret as originally conceived called for hydraulic
retraction mechanism for a gun swinging free through an 8° cone of fire,
Movement in excesa of 8° closed electric circuits to rotate the turret
in agimuth. Elevation movement was to be entirely manual. The enclosure
dome was designed to be guickly detachzble for emergency exit.

The agzimuth power rotation system was not unlike the Armstrong-
Whitworth and Boulton-Paul patents perfected a number of yearsearlier in
Fngland, but the limitations of the day regarding the concept of cambat

realities were inherent in the stipulations requiring "rapidity and eage"

of movement for a single gunner changing from one gun position to another.m

The earilest turret version visualized a friction drive, but at Wright

Field it was felt that a positive gear train drive would be superior,

L6+ ¥emo Bpt., EES, 15 Nov. 1940, in ibid,

47. Martin Spec, Model 179, 1 July 1939, in Arm. Lab. Spec. file.

48, Memo Rpt., ES, 12 Aug. 1939, in Am. Br. file, Airplane Evaluation
Folder 1, C,P, 39-800, 38-385, Airplanes A-17 to B-26,

RO
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. A Martin Company report "to demonstrate the initiative of thias
company" and “‘I:.o stimulate interest, and particularly, to establish + «
the most promising line of development for future business on the B-26
type" revealed that firm's method of attacking a problem. The whole
question of the aircraft!s armsment was broken down into sections or

. projects with one or two men assigned to concenbrate on each specific
task, One group made an Mapproach probability analysis," & study of the
angles of attack, Other groups studied armor plate protection and remote
control possibilities, while still another studied the weight and balance
potentialities of the new airplane with particular regard for its influence
on armament disposition.h

This technique of delegating specific problems to speclalized

. engineers working cooperatively brought immediate results, but in January
1940 an Air Corps Mock-up Board inspected the B-26 and found the turret
inadequate, The revised turret design, mounting twin .30's, remained 10
or 12 inches above the fuselage level even when fully retracted. The
board's recommendation to install a single .50 in lieu of twin ,30's
increased the retracted turret extension by twe additional inches. This
protuberance promised to reduce the airplane's performance, but Martin
was unwilling to make armament alterations which were likely to make the

. aiveraft fall below the contractor's guaranteed speed. The Materiel
Divisicn apparently did not wish to permit Martin this escape from the

guaranteed performance figure, so a compromise was decided upon to permit

49, Inter-Dept. Communication, G. L. Martin, 22 Jan, 1940, in Arm. Labe

. file, Martin B=26 Airplane Contract ac 13243.
yrﬂt,\
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the company to pass the performance test with .30's Installed and then
to modify for 50! 3.50

It is impossible to determine just how much the guarantee coniroversy
delayed the turret development project, but it is significant that 1t was
not until June 1940 that Martin produced the prototype B-26 turret with
full power operation in azimuth and elevation for twin-.50 machine guns,
each equipped with 100-round magazines, This Martin turret utilized
General Electric amplidyne controls, which were developments of the
initial G.E. B-18 tall gun drive, The production prototype carried a
heavy semicircular sheet of armor plate, a novel feature in aircraft
srmament at that time, but there were many elements of the installation
still in a rudimentary stage of development, The gun apertures were not
equipped with slot closures, and at Wright Field it was recommended that
the total ammmnition allowance be raised to 800 rounds, oL

Like all other turrets the Martin development was not the product
of a single initial concept but the result of a gradual aceretion of ideas,
The importance of the artin turret in contrast to other types lay in its
essentially simple design; once through the initial experimental state,
the turret proved sufficiently satisfactory to go directly into largee
scale production., The success of this turret was attested by the Armament
Laboratoryts plan to construct it along such generalized specifications
that it would be readily suited to application in airplanes other than
the B-26, o<

50. Memo, Capt. P. E. Shanahan to Maj. Grandison Gardner re visit to
Martin, 19 Jan, 1940, in Arm. Lab, file, kiachine Gun Mounts 1940.

51, TWX, Martin to MD (WF}, 4 June 1940; Martin to MD (4F}, 5 June
1940; and IOM, EES to PES, 11 June 1940, in Amm. lLab, file,
Martin B-26 Airplane Contract ac 13243.

52 Memo Rpt., EES, 23 Sep. 1940, in ibid.
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. Firing tests conducted at Aberdeen revealed the usual number of
minor diserepancies, but the test reports concluded that the Martin
design marked "a distinctive advance in the development of electrical

23

power controlled turrets,t The Chief of the Engineering Section at
Wright Field warned of the British decision against electric systems,

. but the Martin turret demonstrated that the British had reckoned without
amplidyne.#

The Martin G.E. amplidyne system provided speed control; that is,
control hendle displacement determined the rate of angular rotation of
the turret, General Electric had another system,the selsyn control
unit, which provided position control; that is, positioning a control
bar attached to a sight induced a remotely located turret to come to

. rest in a position comparzble to and coincident with that of the control
handle, The Materiel Division, lacking the test of combat upon which
to reach a decision, requested Martin to construct a twin-,50 turrst
similar to the B-26 version in every respect save the control circuit,
which was to be selsyn rather than amplidyne, Martin engineers constructed
a selsyn turret by working 24 hours a day for five days.55 It proved less
satlsfactory, however, than the amplidyne speed control; and the Materiel
Division negotiated a contract for 159 amplidyne upper turrets at $4,645

. each, or a total of $738,555.56

53. Memo Rpt., ED, 21 Oep. 191-}0, in J-bld.

S4. Buckslip, 25 Sep., 1940, signed F40.Ce [Frank 0, Carroll]l, in ibid.

55, Martin to MD (WF), 15 Oct. 1940, and Martin to ¥D (WF), 10 Octa
1940, in Arm. Lab, file, E.0. 554=1~130.

56, Conbract W535 ac 15773, 14 Oct. 1940, in Arm, lab, file, Machine
® Gun Mounts 1940,
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. Westinghouse Electric and Manufacturing Company

Because of the previous experience of the Westinghouse Electric and
Manufacturing Company in producing searchlight and machine controls, it
was quite logical for the Armament Laboratory to invite representatives
of that company to Wright Field in May 1939 to discuss the problems in-
. volved in fabricating a power turret. Westinghouse had already undertaken

a project in tank controls for the Ordnance Department, and it was felt

that this experience could be profitably utilized in designing an aircraft

t.urre'b.s 7

(

The Westinghouse engineers inspected B«l7, B«l3, and B«~21 armament
installations and then set cut to compile a turret proposal. Three monthe
later Yesfinghouse submitted three tentative proposals, a DU motor system,

. an AC mobor system, and a hydraulic system. The hydraulic wersion was
given scant altention, since it involved too many long pressure lines; and
the AC system was propesed only as an alternate to the DC system.ss Wright
Field opinion favored the DC system, and Westinghouse set out to develop
it in detail,

A formal Wesbtinghouse proposal appeared in September 1939 offering
a complex fire control apparatus aiming severzal guns from a single sight=
ing station., The proposal, offering a single axperimentsl system for

. $76,200, was rejected by the Armament Branch becauseit contained "too
much gadgetry," in particular, 16 separate motors which made the entire

system excessively heavy and subject to a disproportionate power drain,

57« Memo Ept., EES, 1 June 1939, in Arm, Lab. file, E,O. 55hmlm]lb,
¢ 58, Memo Ept., EES, 24 July 1939, in ibid,

~etFnt G

" THIS PAGE Declassified IAW EO12958



This Page Declassified IAW EO12958

ARFHS~54 L 123
el parch . ..:_*&4 af} i!,h’
Then the Materiel Division asked for new proposals, Westinghouse

submitted ancther system to control several ,30-cal. guns from a single
sighting station., This experimental unit, at $58,400, was rejected for
substantially the same reason &s the earllier version.59 A succeasion

of Westinghouse proposals met an saqual fate, and as late as Cclober 1940

none had been found satisfactory for procurement.

General Electric Company

When Wright Field called for turret proposals in September 1939,
the General Electric Company at Schenectady was well prepared to make a
substantial contribution, The practical experience acquired in designing
the Bwl8 remote tail gun and the extensive nature of G.E. resources and
engineering talent made it possible for this manufacturer to present an
effectual turret design within a comparatively short time.61
The research engineers of G.E, prepared an analysis of the problem
to define the objectives desired. This study contemplated a speed range
of 3% to 91.5° per second; a load range of 8.8 to 122 fool pounds, and
a power requirement of 500 watts in a 12«~volt system with a line current
of L2 amps. Vhile these figures were approximations, they represented
specific goals where other manmufacturers were still searching for relatively
tentative specifications as a point of departure.
The G.E. analysis recommended DC "power control," that is, field

conbrol rather than resistance control, because rheostat line control

59. Westinghouse to KD (WF), 5 Oct. 1939; and B&R No. 2, M, E, Goll
to P, E. Shanahan, 6 Nov. 1939, in Arm. Lab. file, Misc, Fire
Control 1940,

60, Memo Rpt., EES, 15 Oect, 1940, in Arm. Lab, file, E.O, 554-1-116.

6l. HNotes on conference at G,E. by M. E. Goll, 15 Nov. 1940, in Arm,
Labe file, B0y 554=2-964

T
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imposed maximum power requirements in the resistor for high torques at
low speeds The report further recommended speed control rather than
position control.
The amplidyne circuit was the G.E. contribution to "power controls®
It offered a number of advantages over rival systems. Unlike the Tucker
drive, described earlier, it had no large capacity resistors and maintained
a high operating efficiency for low speeds at high torque. Unlike the
Bendix pulsating DG system, amplidyne involved the use of ne high current
contacts with all the drawbacks contingent upon arcing. More important
than all these advantages, the amplidyne potentiometer control gave
smooth tracking through continuously variable training speeds directly
proportional to a rotary control handle deflection, and any given
potentiometer deflection produced 8 constant speed value regardless of
load variations. 62
The Materiel Division was anxious to utilize G.E. research and design
facilities in seeking an answer to the fire contrel problem, but there
were hurdles in the path of direct approach. However ready G.F. was to
accept Air Corps projects, prior Navy obligations stood in the way. The
Armament Laboratory was especially interested in securing details conw-
cerning the gyroscoplcally stabilized lead computer under contract at
GeEe for the Navy, and the Chief of the Air Corps was called upon to

6
arrange for permission to do so offiecially. 3 Negotiations lagged when

62, Proposition ANG-33232, B, H. Prentice, 21 Sep. 1939, G.E.
Schenectady, N.Y., in ibid.

63. IOM, Chief, EE3S to Chief, ¥D (Wash.), 17 Oct. 1939, in Arm, Lab,
file, Misc. Fire Conbrol 1940,
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J the Armament Laborato‘ry complained of the "severe limitations" imposed
on Air Corps fire control projects by the Navy. Again, it seemed, the
Navy was frustrating Materiel Division procurement plans. The G,E. case
was but one of several, When the Air Corps negotiated with Bendix*
Pioneer Instrument Division, the Navy objected; and the matter was dropped.
. When the Air Corps negotiated with Bendix Eclipse, the Navy objected; and
again the matter was dropped, Inber-service coordination was proving
extremely hard to atta.in.&

If fire control equipment was delayed by inter-service competition
fo?:' facilities, G.E. did not linger in producing locally controlled
turret drives, Before developing the conbtrols and drives manufactured on
subcontract to Martin, G.E. had contemplated an assisted motion flexible

. gun nount with potentiocmeter controls directly on the aspade grips for
possible application in the B-25, North American Aviation had planned
the B-25 with a single flexible upper midship hand-held machine gun, but
the Armament Laboratory recommended that the G.E. development be "cone
sidered carefully, provided the Mock-up Board feels that either the
hydraulic or electric system must be definitely decided upon at once,"
an expression of opinion which would seem to indicate that the final
decision in fire power policy rested ultimately with the Mock-up Board.

. However, even if the Mock<up Board had rejected turret armament, the
Armament Laboratory intended to press the project by purchasing an
ampllidyne system for experimentzal installation in a B«13 upper turret.

Considerable delay had been encountered in trying to reach a decision

. Glie

Arm, Lab, to BES, 27 Oct. 1939, in ibid,
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between hydraulic and electric systems, Both systems promised satis-
factory performance; but the balance seemed to favor the eleciric version
since hydraulic operation raised extensive questions of servicing, per-
formance over wide temperature ranges, and reliability.es
Paralleling , the search for adeguate turret design, there was an
. extended investigation of individusl aireraft designs for armament
modernization pohentialities, Studies of the defensive characteristics
of the A~20 indicated that an important increase in tail cone coverage
might result if aft-firing guns could be installed in the engine nacelles.
Early G.,E. developments in the B-18 tail gun made it plausible for the
Armament Laboratory to direct Douglas to negotiaste directly with G.E. in
designing a nacelle installation, 66
. The Hughes Aircrafi Company of Burbank, Calif., as well as Douglas
and Martin, approached G.E., on the possibilities of & fire control system
for bombardment aircraft as a whole.67 In the Schenectady plant, G.E.
had an engineering organization assigned entirely to aircraft and naval
firs control projects. The research staff was supported by a large design
staff and almost unlimited machine~tool and other manufacturing facilities.
This organization was admirably suited to the task of perfecting a fire
control system, bub as long as the contract for B-26 turret controls and

. drives remained in the balance, G.E. was unwilling to undertake any

extended and costly experimental program.

65. Capt. F. C. lolfe to Maj, Grandison Gardner, 8 Nov. 1939, in ibid.
66, Contract Sec., &F to Douglas, 8 Jan. 1940, in Am. Lab. file,
Douglas A-20 Contract ac 12367,
@ 67. IES to GeE., 5 Feb, 19403 Martin to MD (WF), 24 Jan. 1940; and MD
(#F) to lughes, 6 Peba 1940, in Arm, Leb, file, E.0. 554-2-96,
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One reason for the delay in executing the Martin turret contract iay
in the fact that the price asked by G.E. seemed in the gyes of Wright
Field personnel to be "completely out of line.® Whatever the extent of
the delay, the point is significent because it supgests thai G.E, attempted
to absorb develcpuent costs in a production contract and probably attempted
. to absorb them too fast, even to the point of endangering the successful
execution of the contract. Apparently the only escape from such & situs=
tion lay in advance agsursances to the manufacturer of sufficient production
contracts to absorb development costs or in oubtright experimental contracts
giving direct reimbursement for experimental developmentse
Whatever decision was reached regarding the G.E. contract for Martin
B-26 turret components, the Armament Branch at VWright Field was particularly
, anxious to have research work continue unabated at Schenectady, where the
project engineers visualized a number of fire conbrol systems, including
#ghallow turrets® for installation on the upper midship section of the
B-17, nacelle installations directing a pair of .50's over the "important
rearward area where at least 80% of the attacks can be expected," and
central-station fire control (CFC) systems,
The (.B. analysis of CFG conceived of two poasible systems, One
involved a completely synchronous control of all guns--nacelle, tail, and
. upper and lower turrets--from a single sighting station with a computer
wnit. The other system involved a combination control plan in which one
sighting station and computer would control all rearwsrd-firing guns,
the nacelle, and tail positions, while another station and computer would
. control the upper and lower turrets. Neither of these two sysbems was
simple, but G.E. favored the second plan, which called for only 10 amplidynes
and 10 drive motors and afforded the increased reliasbility of two gunners

..{'m’f;i" - M,:N‘u b il
| R P %, "
rather than one, e
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Wright Field and G.E. representatives met in Schenectady in February
1940, The conference proved so successful in Yclearing the fog and
gebting new ideas" that the personnel involved favored frequent repeti-
tion of the process., The proposals drawn up at the conference were
referred to the Armament Laboratory by the Viright Field representative,
with this recommendation that a careful analysis of the G.E, proposals
be made "so we can give thsm a decision in order that they will not be
too far amiss from the other comp-e’t‘.:’;’cc>ra=s.“6Es

Plans to install a CFC system in the A=-20 ran afoul of weight and
balance considerations. Originally G.E. had visualized three installations
similar to the remotely controlied B-18 tail gun for the A=-20 nacelle-tail
combination, but the eritical weight and balance factor made it impossible
to utilize the existing equipment with .50-cal, guns.69 An Authority for
Purchase was prepared in March 1940 for a $50,000 three-gun rear~firing
gystem, but the weight factor led Wright Field to consider transferring
the whole fire control project to the B-«?()..70

The difficulties encountered at Wright Field in cbteining an A-2
for experimental installatlons undoubtedly encouraged this inclination
to shift CFC to the B=26. After reiterating the necessity, for reasons
of econony, of pressing the experimental phase to completion before enter-
ing upon production, the Materiel Division warned that "If permisasion to

use the A-204 airplane for this purpose is refused, it is possible that

é8. Notes on conference at G.E., by M, E. Goll, Arm. Lab., 15 Nov. 1940,
in ibid.

69. ICM, Chief, Arm. Lab, to Capts C. S, Irvine, 11 March 1940, in Arm,
Lab. file, Misc. Fire Control 1940.

70. A for P 156546, 15 March 1940, in Am. lab, file, E.0. 554=1-123,

7i. B&R, MD (Wash.) to Exec., F, 20 March 1940, in Arm. Lab, file,
Bouglas A-20 Contract ac 12967.
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. the entire project pertaining t<; fire control . . . will be delayed for
months."vl The Chief of the Air Corps agreed with the division'a point
of view and ordered a B-26 and an A-20 allocated to fire-control experi-

ments.72
%hile the weight and balance difficulties of the A-20 armament in-

. stallation rerained undecided, G.E. engaged Bausch & Lomb {0 undertake
the development of a double-ended periscope with a single eyepiece sight=
ing arrangement "ingeniously suggested" by a Douglas engineer.73 It was

contemplated that this device would permit one gunner to serve in place
of two and thereby effectively resolve the limitations hitherto imposed
on armament.w"
In Yarch 1940 G.E. prepared specifications for a complete fire control

’ system involving two computers and sighting stations with upper turret,
lower turret, and tail gun positions so devised that it was possible for

either station to take control of the tail gun drive. The lower station
was perlscopic, but the upper stabtion was mounted in a direct sighting
observation dome,

The G.T. installation followed the position control principle with
a selsyn AC rectifier and an electron tube impulse-amplifier circuit
operating in canjunction with an amplidyne drive.75 This propesal conw

. templated a cost of $95,000, exclusive of optics, for a complete fire

7i. BR&R, D (Wash,) to Zxec., WF, 20 March 1940, in Arm. Lab, file,
Douglas A-20 Contract ac 12967,

72. TI-188, L May 1940, in Arm, Lab, file, Technical Instructions.

e Chief, IES to Douglas, 28 Feb. 19!’40, in Arm, Lab, file, Eooc
551&"1"123-

. 7. Douglas ko LD (WF), 21 Mareh 1940, in ibid.

750 G’QE. S‘pec. G0~16282FL, % MarCh 191|'0, il.'l Am. Lab. ﬁle, E.OQ

55‘!-"’1"'1300
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control sysbem, to be delivered one year after the date of contract.

) The Materiel Division did not favor this offer, and G.%., made another
during the following month in which the whole system, less optics, was
priced at $75,000,

Neither Bausch & Lomb nor Keuffel & Xsser were willing to quote
. prices on the optical uniits under developmeni for the fire control system.
Both companies were already overburdensd with Ordnance and Navy contracts,
and neither was anxiocus to embark on a lengthy experimental program
coincident with peak-=load production. In addition to these factors, the
CPC optical sysbem was still in the design state and defied accurate
‘ quotation.77
The imponderable element of optics both with regard to cost and
. design development undoubtedly delayed the evolution of the G,E. fire
control system, but there were still other factors involved., A G.E.
proposal for CFC sets, complete in production quantities, offered a single
set ab $25,000 and 13 successive sets at $10,000 each, or:
1 plane, 11,500 upper turret #13,500  lower turret
10 planes, 4,300 upper turret 5,700  lower turret
20 planes, 2,900 upper turret 3,100 lower turret
50 planes, 2,400 upper turret 2,600 lower turret
These prices were accompanied by z production schedule: 1 turret in 90
days, 2 turrets in 120 days, 5 turrets per week in 16 weeks, and 10
. turrets per week in 20 weeks. This propesal included only the drive and

control sets, however, not the ring gea.r.78

76. G'.EU to LED (WF), 28 H&rch 1940’ in ibid‘
77« G.E. to XD (WF), 4 April 1940, in ibid,
. 78. Notes on Central Station Fire Pontrol G.E,, 20 April 1940, in
ibid.
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Unfortunately for the accuracy of the contemplated production and
delivery schedule, the internal ring gear proved to be a most difficult
Yooling process and, as G.E. discovered in the following year, sufficiently
eritical to delay the entire course of turret development. The artificiality
of production schedules not based on tooling realities was to impair planning
. by The Materiel Division for months to come,

, The increasing probability of extended delay in the development of
GeZs fire control equipment led the Materiel Division to consider a series
of interim measures, or a simplified fire control system. Both the B-2i4
and the B-17 were without adequate armament in May 1940, and the division
considered it wiser to plan local turrets in predictable quantities for
immediate production than to put too mach faith in fire control systems of

. uncertain status.79

A General Electric proposal considered building an upper local turrst
for the B~-17C at a cost of $55,000, less the cost of optical units, This
turret resanbled the Martin B-26 version in many respects., It mounted
twin ,50's and employed amplidyne speed control along with sprocket-~type
ammunition boosters and thumb-switch slewing speed control. In addition,
however, the G.B. design provided for manual retraction and a compensating
sights Characteristic of that stage of turret development, the design

. specified a 60°-per-second maximum azimuth rotation speed but failed to

establish any minimum.ao

79, Memo prepared by Capt. F. C. Wolfe, 24 May 1940, in Am, lgb, file,
E.0, 554-1~123, See also phone transcript, Mr. Prent:.ce, G.B. and
Capt. P. E. Shanshan, #F, 25 June 1940, in Arm. lab. file, E.0,
® 554~1-130,
80-» G.E. to MD (WF), 1& April 1914'0’ in Arm. Lab. file, Bl 55-&-‘1"130;
see also G.E. Spec., 2 April 1940,
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The pressing urgency for some form of lower hemlsphere fire power
coverage for heavy bombardment airplanes led G.E. to undertake several
projects. A "shallow type bottom turret" designed for the B-23 was
converted for use as a power turret with the application of an amplidyne
azimuth drive system, but the limitations of such an installation were
. immediately apparent., ZFven with a “targel indicator" attachment, the
floor gun proved inadequate and another project was initiated.m'

The improved G.E. proposal for a lower gun installation comprised

a spherical turret with an amplidyne speed control system, the whole offered

at a cost of 850,000. This turret, utilizing a simple N2-A reflex sight

without any compensating features, was followed by s similsr proposal for

a lower turret to include amplidyne speed control in azimuth and selsyn
. position contrel in eleva.t:i.tm.8:2 None of these G.E. spherical turrets
came to maturity, partly because other manufacturers came forward with
practical devices before the G.L., designs were much beyond the drawing
board stage, and partly, in all probability, because the focus of G.E.
interest fell upon the more complex fire control systems. In June 1940
the Materiel Division negotiated a contract with G.E. to include one tail
and nacelle gun fire control system for the A-20 at $50,000 and one
combination upper and lower turret fire control system for the B~-24C at

. $95 ,OWQSB

8l. A for P 167293, 17 Oct. 1940; and Sub Order of 23 May 1940, in Am.
L&by flle, E.O. 553"1—309'
82, G.B. to XD (WF), 11 Ocbe 19403 G.E. to ¥D (WF), 14 Oct, 1940; and
G.E. Spec. & Proposal, 8 Nov, 1940, in Am. Lab. file, E.0s 553-1-35k.
83, Contract W535 ac 11;.666, 6 June 1940, in Arm. Lab, file, E.0.
. 554-1=130, folder 2,
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. The original specifications for the fire contrcl system to be built
into the £20 called for a machine gun in the tail as well as one in
either nacelle, ihen weight and balance considerations made the tail
gan seem an impossible feature, the apecification of July 1940 stipulated
upper aad lower turrets with a double-ended periscopic sight in conjunc-
. tion with rear-firing nacelle guns. By the end of August these specifica-
tions had been revised again to exclude the nacelle guns entirely.

The A=20 fire conbrol system consisted of a pair of twin 50ts
mounted in upper and lower turreis and controlled from a remote sighting
stetion. The drive system followed the general line of G.E, development,
an amplidyne with selsyn controls and DC-AC inverter. The specifications
conbemplated an alloweble mechanical or gear train backlash of 4.7 mils.

. The drive was to reach a 60°-per-second azimith speed and a h.oo-par\-
second elevation speed, Moreover, the system wes to be equipped with
machanieslly operated spring limit stops rather than eleetric limit
switches, but the sighting station was designed to de-energize the drive
when it reached the limits of the predetermined zone of i‘ire.el‘

Among the many novel devices incorporated in the A-20 turret was a
conbinuous feed ammunition system. A fabric belt lifted shells to the
machine gunj when the triggers closed the firing circuit, an additional

. circuit energized a drive which wound the empty belt on reels serving in

the capacity of a booster system.s

Bhe THX, MD (WF) to G.E., 29 June 1940; G.E. Specs., 15 July 1940 and
21 Aug. 1940; and Changs Order No. 8, 2 Nov, 1940 on Contract ac
12967, in 1bid.
. 85. Hemo Eﬁto, EES, 5 Sep. 191}0, in Arm, L&b.ﬁle, E.C. 55&!"1"'123.
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. The G.E, contract raised some difficult issues. Delivery of the
A~20 turret was conditionsl, so G.E, considered, upon an early order
for a production prototype, and the Materiel Division was unwilling to
allocate funds earmarked for experimental development to the design of
a prototype. The Experimental Engineering Section wanted development;

. the Production Engineering Section wanted quantity; and G.E. wanted a
production contract to abserb engineering costs.

The guestion of funds, however, was of far less immediate importance
than the issues raised in determining the dividing line of manufacturing
responsibility. The Materiel Division favored charging the turret
manufacturer with complete responsibility for all aspects of turret

‘production, "gliminating difficulties that will inevitably arise if

. units of the system are procured from various sources."sé Already &

number of vexing coordination problems had been raised by G.E. engineers.

By the end of August 1940 the A-20 fire control system was nearing the

stage where there was but little pussibility of major design change, yel
G.E. requested the advice of Douglas designers concerning such critical
elements as the mounting ring bearing system, the location of the eleva-
ticn drive gear sector, and the type of smmunition feed to be employed.87
Despite the fact that the light bomber received a high priority in
. the fall of 1940, it became apparent that the G.E. system would not be
ready for the A---:&O.88 when in December 1940 the Maferiel Division

negotiated a $i60,000 contract with G.E. for a fire control system suited

86, ICM, Chief, EES to Chief, PES, 1 Aug. 1940, in Arm. Lab, file,
. E.Ou 554=1~142,
87, G.E. to Douglas, 24 Aug. 1940, in ibid,
88, Douglas to D (WF), 19 Nov. 1940, in Arm. Lab. file, Douglas A-20
Contract ac 12967.
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. to the A-20., Douglas made plans to equip the initial A-20 series with

hand=held guns cmly.89
tihile the G.E. A-20 turret developments were under way, a number of
other airoraft manufacturers studied the new system for possible in-
stallation in projected bombardment and attack airplanes. Curtiss-Wright,
9 Northrop, Grumsan, and bhe Vought-Sikorsky Division of United Aircraft
all considered the G.E. project, bub of these coupanies only Northrop
carried negotiations to a point which eventually led to production with
the P61 armament inst.allat.ion.go
Among the more important projects running parallel to the G.E. Aw20
system wes the installation designed for North American's proposed
stratospheric bomber, the XB~28, In April 1940 the Matexiel Division
. selected Sperry to manufacture the XB-28 fire eontrol system, inasmuch

as Sperry fire control developments were more advanced than any otherse

Later, however, the division felt that Sperry facilities were overloaded
and requested G.E. to undertake the project. The division preferred the
Sperry sight and compuber unit to that designed by G.E., and it was
decided to have G,E, build G.E, turrets to include Sperry sighting
units.91
The XB-28 contracted for in February 1940 carried a fire control

. system of twin .50's in three positions, upper and lower turrets and a

89, Memo Rpt., EES, 24 Dec. 1940, in ibid. See also Contract W535 ac
16599, 6 Des, 1940, in Axm. Lab, file, E.O. 55h-1~142.

90, General Inspector of Naval Aircraft, WF to Chief, Amm. Lab,,
16 Dec. 1940; G.E. to Vought-Sikorsky, 14 March 19413 Chief, EES
$0 GuBs, & Oct. 1940; and Chief, EES to Curtiss-Wright, 7 Ccte

. 1940, in Arm. Labe file, EeOe 554-1~130,

91, G.B. Meno on conference re XB«28 Armament, 18«20 June 1940, at
Schenectady, in ibid. See also IOM, Chief, Arm, Lab. to Chief,
EES, 12 April 1940, in Arm, Lab. file, E.0, 554=1=124.

s
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’ tail installation. The initial North American plan called for a single
.30wcal, hand-held nose gun and a similar gun in the tail, but as early
as October 1939 the Armament Laboratory had insisted that ,50-cal.
weapons be used.

The problems contingent upon the change from Sperry t0 G.E. were

. gerious. Under the original plan Sperry developed the computers and
control systems, but North American built the gun mounts and actual
turret structure. When G.E. took over the XB-28 fire control project,

it was decided that the entire unit would be built by that companye

2
Hence, the entire Air Corps investment in North American was nullified.9

By December 1940 four of the six manufacturers who had undertaken

.. to develop power turrets were ready to begin work on production contracis.
Sperry equipment was more or less earmarked for B-17 use; G.E. production
was destined for the Martin B-26 and the Douglas A=-20; and Bendix planned
to install turrets in the B-25, Before examining the details of cquantity
production it is necessary to consider such diverse matters as the ¥right
Field technique for preparing a Circular Proposal, the problem of
standardization, and the search for alternate methods of providing power
drives,

92, North American Spec. NA-563 (XB=28), rev. to 5 July 1940. See also
Memo Rpt., EES, 20 Oct, 1939; and phone transcript, Henry Eacher,
G.Ee, Mr. Hendricksen, North American, and lMaj. M. D, Burnside,
WF, PES, 25 June 1941, in Arm. Lab. file, North American XB-28
. Contract ac 13583,

st o T i
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Diagram illustrating typlcal installation of G,E.
turrets with periscopic sights. 1%42.
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Twin cal. .50 mechine-gun Temote control unit

for use in the G.E. central-station fire controf!_

system. Note the streamlining of the dome sectlon .
and the compactness of the unit as a whole. 1943.

THIS PAGE Declassified IAW EO12958



This Page Declassified IAW EO12958

AAFHB~54 AP 131
~w Sl o
Chapter VII
POWER TURRETS AND CENTRAL~STATION FIRE CONTIRCL, 1939-1940
. In January 1939 there were three civilians and one officer working

on fire control projects in the Armament Laboratory at Wiright Field,
and the budget for 1940 allocated 45,000 to fire control in addition
to the 325,000 set aside for power mounts. Despite the fact that these
sums represented a substantially large portion of the funds apportioned
to the whole experimental armament program, at the Armament Laboratory
they were considered 'wholly inadeguate to insure advancement in the
field of fire control development within the next twelve months.“l t
Lfter a year of sccelerated activity, the Armament Brsnch was
able to report in April 1940 that:
As a result of examination of reports from abroad, activities of
Alr Corps Tactical Units, and experience gained recently from
testing experimental gun arrangements by perscnnel of the Materiel
Division, it appears that the subject of armament should be given
careful consideration at this time, « « «
"Careful consideration" evoked this report:
Until very recently, airplanes of a mmliti-place type have been
defended by instsllations of singly mounted .30 caliber machine
guns., Revisions to employ the .50 caliber weapon « « « have
been seriously handicapped by limited space and the abseace of
. power drives,
The conversion of installations designed for ,30wcal. t0O 50-cal. uge had
resuited in such serious compromises that the entire guestion of aireraft

armament had to be reconsidered.

. 1. Ghief, B3 to Ghief, Amo BI‘-, 20 Jan.. 1?39’ in Arm. La-bo file, LIiSC§
Fire Control 1940,
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Reconsideration involved decisions regarding the choice of blisters
or flush installations, .30%s or ,50's, multiple or single gun mounts,
remote or local turret control, pressurized or nonpressurized t.'urret.s 3
machine guns or cannon, and turrets or remotes in nacelles and wing
structures, Inasmuch as it was impossible to answer all these questicns
at once, the Armament Laboratory recommended that a board be formed to
prepare detailed specifications for aircraft armament conmensurate with
wartime requirements, The laboratory further recommended that it be
authorized to specify the armament requirement for each particular air-
plane under contract to insure a more exact and specific compliance
with Wright Field fire power concepts.z

The studies undertaken as a result of the survey of aircraft armament
provoked a comrent which echoed the contention of gunnery officers in
World iwar I: "All present standard gun installations require manusl
operabione At the high speeds possible with modern types of airplanes,
the large wind forces make accurate control of turret guns impossibles.
Power operation is, therefore, required.!

Prejects initiated before the end of 1939 were primarily for experi-
mental installations, but the modernization program of 1940 made it
imperative that the experience of the earlier design sbtage be devoted to
the development of fire control systems. The Armament Laboratory recognized
that the critical phase of fire control development lay in the fabrication
of initial installations, because the arrangements for the defense of
future airplanes would be M"largely influenced by the results collected

from tests of the experimental apparatus" already under construction.

2. Memo Rpt., EES, 1 April 1940, in Arm. Lab, file, Misc., Airplanes 1940.
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. The Armament Laboratory was also conacious of the fact that only by

the most careful collaberation between the sections of the Materiel
Division would it be possible to avoid dangerous revieions of production
aircraft after delivery. A number of problems in connection with the
design of various fire coatrol components remalned to be solved., Among
. them, the relationship between armament and aerodynamic design had yet
to reach a satisfactory compromise, A compromise implied a high order
of coordination between the Alreraft Laboratory and the Armament Laboratory
at Wright Field; but any such coordinated developuent wss certain to be
impaired, if not frusitrated, unless funds "greatly in excess of those
available in the past" could be provided for an experimental program.
By Getober 1940 a sum of $10,000 was allocated to “conduct a study
. to determine the correct design of power operated multiple gun turrets
with maximum fields of fire and good aerodynamic features with a view
of improving defensive characteristicse" This study sought to establish
the best possible compromise between efficlient defensive installations
and objectionable aerodynamic conditions, resolving the data made avail-

able into specific designs.h

Both the Naticnal Advisory Committee for
Aeronautics (NACA) Iaboratory at Langley Field and the Aireraft Laboratory
at Wright Field undertook a series of tests aleng this line.5

. ' The Airceraft Laboratory reported, on the basis of the evidence compiled

by testing, that all turrets save those of the blister type produced a

3. iemo Rpt., EES, 17 Kay 1940, in Arm. Lab. file, Misc. Fire Control
1940,
e B0, 553-1=341, 5 Oct. 1940, in Ara. Lab., file.
5. MD Lisison Officer, NACA, Langley Fld. to Chief, ¥D (wF), 10 June
() 1940, in Arm. Lab. file, Machine Gun Mounts, 1940.
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. “prohibitive" drag:

The installation of such turrets would nullify the great effort

and expense involved in producing low drsg basic airplanes,

¥eans must be found for providing necessary defensive fire power

without excessive drag, or the idea of the airplanes concerned

operating at over 300 mph might as well be given up,

Withoul gquestioning the accuracy of this conclusion, the fact

. still remains that the Aireraft Laborators;ts report did not reach the
necessary compromise, nor did it resolve its findings into a specific
design as rejuested by the Armament laboratory. For this reason there
seemed little justice in the scathing attack of the Aireraft Laboratory
chief, made some months later, when he charged that Armament Branch
personnel had made bubt one visit to the fircraft Laboratory in the year
past and that current turret design was 'basically very inefficient
. aerodynamically + « . and new airplane designs should not be handicapped

with such turret configurations‘t7

Even before the Aircraft Laboratory had recommended the use of
central~station fire control systems to reduce the high drag coefficients
of protuberant turrets, the Armament Laboratory had plans for fire control
installations. As early as November 1938 a memo prepared for the Assistant
Secretary of {jar pointed out that the advent of pressure cabins would in

turn necessitate a "centrgl control position from which various machine

guns and cannon can be remotely controlledt,

6. Chief, A:chrart Lab. to Chief, Arm. Lab., 29 Oct. 1940, in ibid.
7. IO, Gh::.ef, b. to Ch:.ef, tng. Div., 10 March 1943; and 24
_S/%%i 'lab. to Chief, Eng. Div., 6 May 1943, in Arm,
La.b. f:.le, Invent.mns » Fink, E,.
Bs Chief, BS to Dir,, Amy Aeronanbical Museum, 15 Nov, 1938, in Arm.
. Lab, file, Lisc., Correspondence 1933,

- ! !,r_u“ ‘?,.:i 5
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. Early in the winter of 1940, the Chief of the Armament Laboratory
reported to the Chief of the Experimental Engineering Seetion that the
question of CFC was “ripe for assignment to a specific pla.ne.“9 Through—
out the month of January, representatives of the Armament Laboratory and
several turret manufacturers interested in fire control projects explored
. the CFC field extensively, In February a circular letier went 'out from
the Materiel Division to Westinghouse, Bendix, General Electric, and
Sperry, outlining the tentative requirements for a complete CFC system.

The circular letter considered an installation of seven «50-zal.
guns, provision for scanning throughout the entire sphere, a computing
sight, a fire cut-out or interrupter device to protect the vital structures
of the plane from gunfire, and all the other equipment which had been

. perfected for use in local turrets, such as hydraulic charging, reflex
sighting, ete. The system was to mount twin ,50%'s in upper and lower
turrets, each with 3600 azimuth and 90° elevation, a lone .50 in the
tail with a 30° cone of tire, and single rear-firing .'50' 8 in each nacells
with 40° cones of fire.

The proposed system was to incorporate a twin periscopic system so
arranged that the gumner could, without undue effort, glance up from the
station to pick up an approaching target by direct vision. The computing

. sight itself was to compensate for ranges up to 1,000 yards and airspeeds
of 325 mph as well as for parallax; but no provision was toc be made for
stabiliization, although the latter required the incorporatlion of a range

finder to get continuous range input without affecting tracking ability.,

. 9. ICM, Chief, Arm. Lab. to Chief, £ES, 25 Jan. 1940, in Arm. Lab,
file, B0, 551}"'1"'1230
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Inasmuch as weight and balance considerations were critical, competitors
submitting design proposals were urged to take every precaution to reduce
weight wherever possible, Lioreover, the specifications pointed out that
existing aireraft electrical systems provided 12-volt DC current 'in limited
amounts" only, and auxiliary power plants would be mandatery. Finally, the
circular letber required that all proposals sulmitted be of a design suit-
able for interchangeable use in more than one type of pla.ne.lo In order
to facilitate coordination between turret and plan wenufacturers, the
Materiel Division dispabched telegrams to Douglas, Boeing, Consolidated,
Lockheed, and Xartin, authorizing those fimms to negotiate directly with
the turreb designers on problems of space, weight, and balance.ll

Then the Armament Laboratory first sought propossls for a fire con-
trol system it was generally presumed that the installation would be used
on the A=20, but since all programs were in a constant state of flux the
B-26 was alternately consi.dered.l

Bendix elgnified an interest in the field by submitting a "preliminary
suggestion® in the form of a tentative outline for a complete fire control
systan.lB Westinghouse offered a more detailed description of & system
consisting of a series of synchronous cable and pulley drives operating
from main power shafts hydraulically actuated. Quarter~inch cables
operating on sheaves and drums, with idlers to absorb excess cable deflecw
tions, seemed to offer a fire control system simpler and less costly than

electric installationse.

10. Chief, BES to Westinghouse, Sperry, G.E., and Bendix, 2 Feb, 1940,
in ibid. :

11, T4%, ¥D (vF) to Boeing, Douglas, Consolidated, Lockheed, and Martin,
9 Feb. 1940, in ibid.

12. Notes on visit of M. E. Goll to fire control manufacturers, Febs
1940, by Capt. P. B. Shanahan, in ibid.

13, Bendix spec., Central Fire Control for Twin Engine Bomber, 18 Jan.

o s R e

1940, in ibid. DY g{»ﬁ{wLB Ll

14. Record of conference with i/estinghouse, 13 Feb. 1940, in ibid.
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. By the time a decision had been reached regarding the A-20 armament,
all the principal turret manufacturers had displayed an interest in CFC,
but the field was sc novel and there was so little precedent to build on
that it proved exceedingly difficult to prescribe the exact nature of
the equipment scught, An Armament Leboratory representative visited
. the several interesied manufacturers to garner ideas for mounts, sights,
retracting mechanisms, typical weights, and dimensions. It was believed
that the industrial designers would have a number of ideas to offer, in-
abmuch as the war-inspired deluge of requests for information on CFC
from airplane manufacturers could not help but stimulate interest in
turret planning.ls
The Wright Field engineer who visited the four major fire control
. facilities reported that there was an immediste need for clarifying the
manner in which proposals were to be prepared., If ‘right Field was
working in the dark, so were the manufacturers. The very magnitude of
the problem and the variety of potential solutions made it impossible
for manufacburers to organize their studies in eny fashicn suitable for
comparative consideration. Without some organization along this line
it would be difficult for the manufacturers to quote on complete systems
with any degree of validity.
At Vright Field it was recommended that the manufacturers be allowed
. two to four weeks to prepare schematics along with weight and power
estimates to meet a specific circular proposal. These first rough studies

would then give a basis for deciding whether or not to proceed, after
having evaluvated the initisl studies comparstively.

. 15, Notes on visit of M. L, Goll to fire control manufacturers, Feb.
1940, by Capt. Pe E. Shanahan, in ibide
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This recommendation raised a number of questions. If the Armament
Laboratory sought tentative, rough-draft proposals, some decision would
have to be reached as to whether or not any competitor should be allowed
to submit more than one design. BSince the initial contribution would
determine which design would be selected for amplification, there would
be a natural tendency on the part of the manmufacturer to submit several
different designs as insurance, and a multiplicity of offerings implied
less concentration in perfecting a single design.

Furthermore, a policy of preliminary proposals raised the issue
of payments. Inasmuch as the rough draft design involved engineering
studies of an exbtended nature, some manufacturers might prove unwilling
to undertake the necessary research unless a system of compensation could
be established to cover the studies rejected at the first sci.ft.ing.:l'6
Although no immediate solution could be reached regarding this question
of policy, the issue, once raised, could not be avoided indefinitely.
Like so many other problems which became evident only during the accelera-
tion of war projects, this question thrust itself forward for sventual
consideration, even though the immediate contingencies of engineering
cuestions had pushed problems of organization and procedure into momentary
ecllpse.

To caryy oubt the recommendation for a more organized and specific
proposal format, the chiefs of the Armament Laboratory and the Experi-
mental Engineering Section held a conference late in February 1940 to

reach a definition of terms and a delineation of responsibilities for

16. Memo, ¥. E. CGoll to Capt. P. E. Shanahan, 21 Feb. 1940, in ibid.
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. fire control eguipment. The various types of sighting stations and gun
positions were systematized, and preliminary armament specifications
were oublined for the A-20, B-17, B-24, B-25, and B-26, A minimum re-
cuirement of ab least two sighting stations was established for heavy
bombardment airplanes, and & plan of coordination prepared for correlating

. arzament current-consumption reguirements with the Equipment Laboratory.l7

Toward the end of March 1940 ancther circular letter left the Armaw
ment Laboratory for the four major turret manufacturers, Westinghouse,
Sperry, G.E.,, and Bendix. This circular, profiting by the experience
of the earlier search, was carefully defined in detail. In addition to
a statement of general design reguirements, the circular atipulat.ed that
proposals would be submitted on the first day of April, 11 days away,

. and would inciude a quotation on five fire control systems, together with
complete drawings and a statement regarding possible future deliveries,

The complete system, deliveries to begin in one year, was conceived
for a four-engine heavy bamber. The general requirements inciuded pro-
visioen for installation in a pressurized cabin, twin-.50 turrets through~-
out and twin .50%s with a 20~mm, camnon in the tail, all-around defense
with a crew of 6 or 7, reliable functioning in speeds up to 450 mph and
at 40,000-foot ceiling-—in 2ll, not less than ten ,50's and a cannon

. distributed in at least 5 emplacements controlled from 2 or 3 sighting

stations.ls

17. Central station fire control program as outlined in a conference
between Maj. Frank Carroll and Maj., Grandison Gsrdner, 27 Febs
1940, by Capt. P, I, Shanshan, in ibid.

18, uD (4F) to Sperry, wWestinghouse, G.Ee, and Bendix, 20 March 1940,

@ . in ibid.
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. A few days before the competition closed, Sperry and G.E, telephoned
Wright Field to record their intentions of entering formal proposals.19
Westinghouse was unable to prepare a propesal of any sort in the time
allowed, so it proved impossible to ccnsider that manufacturer in the

20
April competition, Vhen the bids were opened, the three systems

. offered were sufficiently similar to form a basis for comparison:zl
Company Delivery Unit Cost Cost of Five System
Bendix 12 months § 84,000 ¥420,000 2 stations, 6 guns
Sperry 15 months 83,790 418,950 2 stations, 6 guns
G.E. 18-20 months 150,000 450,000 3 stations, 6 guns

Al). these bids were prepared on short notice and fell considerably below
the minimum requirements established by the Armament Laboratory. However,
. since they all represented the projects under development by the several
compebitors, they provided an accurate index of the evclution in fire
control egquipment to that time.
The Sperry proposal won the competition with a figure of merit of
1,000 points, G.P. came second with 790 peints, and Bendix trailed with
645, Both G.H. and Bendix were severely penalized because, in contrast
to Sperry, neither presented more than an undeveloped sketch oi}ggl-
important computer unit. The Sperry computer unit utilized the accumulated
. fund of experience acyguired in designing the ZFl~l computer, which gave a

reasonably definite assurance of successful operation. Bendix, on the

Hnot sentt), in ibid.
20. Chief, Contract Sec,, WF to lWestinghouse, 5 April 1940, in ibid.
21, Quotations on CFC invitation of 20 March 1940 (proposal 218;,
[ 2 April 1940, in ibid,

19, IO, Ghief$ Arm, Lab. to Chief, ED (WF), 28 March 1940 (marked
>
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other hand, felt that no solution to the computer's critical range-

finding problem existed short of adding another man to operate a range

input continuously or compromising with an approximation in terms of a
fixed range. Furthermore, while Sperry definitely lined up Keuffel &
Esser for optical units, G.E. planned to procure optical units from
Bausch & Lomb, who were already overburdened with contracts. Bendix
intended to rely upon optical units within its own organization, men
who were all less experienced than those of Keuffel & Esser.

The Armament Laboratory directed Sperry to develop the proposal
in detail, making estimates on materials, facilities, and prioritiess
A1l aireraft manufacturers were instructed to communicate with Spexrry
regarding the CFC system, but it was also suggested that G.E. and Bendix
be kept in touch with the progress of the Sperry developments in order
to maintain an adequate point of departure for future proposalss

More than a week after the competition closed, Westinghouse presented
a proposal which Wright lield officials considered "very clumsy" aand
tunduly complicated." Although one laboratory representative agreed that
the "Westinghouse Company would undoubtedly be a fine one" in the turret
field, the proposal was sufficiently crude to indicate that any money
spent would go "largely to educating the Westinghouse Company in the fire
control ﬁ.eld.“23 Bub in April 1940 it was rather late to educate. The
experimentsl contracts with G,B., Sperry, and Beadix running from 1936

through 1939 were beginning to show results.

22, Memo Rpt., EES, 15 April 1940; and Bendix to MD (WF), 5 April 1940,
in ibid.

23, Informal proposal for centrel station fire control system, Westing-
house, 9 April 1940; and IDM to Capte Ps B, Shanahan, 30 April 1940,
in ibide
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By the end of April 1940 both G.E. and Sperry promised local turrets
without compensating sights w.thln the next 90 days with expectations of
peak production scmetime in September or October of 1940, the Armament
Laboratory optimistically reported, Every effort was being made to
standardize sights and gun installations "to eliminate the necessity for
tailor-making for each type of airplane.t

Standardization or no standardization, the evelution of fire control
apparatus sbove the level of local turret development inevitably stumbled
on the critical element of optical units. ifsnge finders were the bobtle-
neck of computing sights, but even 1f a satisfactory range finder were
to be devised, the limited production capacity for sighi optics available
to the Materiel Division threatened tio defeat the whole fire conirol
Program,

To reduce the optical unit production hazard, the Lateriel Division
canvasged a number of instrument and optical concerns for "a brief state~
menb of your interest" as well as M"an account of your resources in
personnel and manufacturing facilities.*'25 Just as in the case of feshing-
house, April 1940 appeared rather late to be conducting a survey of
supplementary facilities for information which was probably already
available in the Industrial Plamming Section at \iright Field.

The importance, even the absolute necessity, of educational orders

or design studies is nowhere better illustrated than in the reply of one

2L, Informstion on fire control, prepared by Capt. F. G, %Wolfe on
verbal request from Brig. Gen. B, K. Yount, 25 April 1940, in ibid.

25, Chief, EZS to wWollensalk Cptical Co., American Optieal Co., Spencer
Lens Co,, Simpson Optical Mfg. Co., Kollmorgan Optical Corp., and
Rochester University, 9 April 1940, in ibid,
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instrument company:
This company does not profess wide experience with sights and range
finders; however, with the assistance and suggestions of the Ordnance
Department of {or] the U.S. Army Alr Corps, together with the con=-
sulting services of West Coast engineers who are familiar with this
field, we do not anticipate any difficulty in working oub this phase
of the problem.
. The evolution of a successful fire control system was in its earliest
phase. The manufacturers had much to learn.
The GHJ Air Force, in reiterating the immediate need for medium and
long-range bombers, the B-28 and B-29, noted that these bombers ineluded
a "remote fire control system which is experimental." Discussions with
officers familiar with fire control gave the GHJ) Air Force-a 'very
definite impression" that while the development wes promising, it would
. be "several years" before the system could be made ready for combat uae,
"In other words it is believed that in these types we have too many eggs
in one basket because of the experimental fire control system," The Deputy
Chief of Staff for Alr was reported to be of substantlally the same op:i.n:i.on.27
Yhatever promise centralwstation fire control held for the future, in
the winter of 1940=41 there were more immediabe problems pressing for a
prior solution. The locally controlled turret had reached the verge of
quantity production, and for at least two years the major interest was

to center on the problems attending the perfection of locel turrets rather

. than on the development; of remobte and central-station fire control systems.

26. Librascope Inc,, Burbank, Calif, to MD (WF}, 5 June 1940, in ibid.
. 27. CG, GHQ AF to C/AC 6 ¥arch 1941, quoted in CIT~-21L, in Arm. Lab.
, CTI file.
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Chapter VIII
A ATTEYPT AT STANDARDIZATION, 1940-1941

By December 1940 a large mumber of turret projects were under way
in the United States. An objective and comprehensive picture of these
projects as a whole is given in the report on turret development pre-
pared for the British Air Commission by B. B. Henderson, the chief
designer for Nash-Thompson, Itd., and Parnall Aireraft, Lid.,, of
England,

Henderson came to the United States in December 1940 to prepars
his study of the turret industry at the direction of the Ministry of
Aircraft Production. In all, he inspected 36 different turret models,
of which 10 were finished and operating and 5 were finished but not
under power. Of the remaining 21, 7 were mock-ups and 14 were either
very sketchy mock-ups or drawings only, Of the total number, 26 had
hydraulic contrel, 9 had electric control, and 1 had mechanical control,
A1l the hydraulic systems relied on some form of Vieckers unit for
pressures ranging from 400 to 100 pounds per sguare inch, Five of the
electric systems were amplidyne, two operated with some form of pulsating
IC control.

British practice in the turret industry had been to restrict produc-
tion to two manufacturers. Fach designer utilized a standardized mounting
ring, which made the products of either readily interchangeable, to retain

a healthy state of competition. These two sources designed and produced

4 B e
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four basic types of turrets—nose, tail, upper midship, and lower,
Production policy in the United States at the time was markedly differ-
ent.

There were too many designs in progress at once in the United States,
the British engineer reported, Too many manufacturers retarded rather
than encouraged development, for not only did each new competitor explore
the field and learn by experience the lessons already learned by those
who entered the business earlier, but a multitude of designs reqﬁired a
dispropertionately large amount of time for testing the merits of each
and selecting the best points for standardization.

with regard to power drives snd controls, Henderson felt that in
the majority of cases insufficient attention had been paid to '"the
importance of slow training rates as opposed to fast.," Furthermore,
every hydraulic system tested revealed a dead spot at neutral in changing
from one deflection to ancther. ?ritish corbat experience had stressed
the faet that smooth trangitions from positive to negative deflections
were "extremely important when following a target." Although Henderson
considered the hydraulic systems "eatisfactory up to a point," he con-
cluded that he could regard none of them as "adequate for operation
under war ccnditicns.!

The verdict on electric controls was somewhat more promising. "The
amplidyne system,” the report notes, was 'very satisfactory indeed.m"

The G.E. positicn control seemed to offer great promise in remcte turrsts
and nose or tail cone fire turrets, but not for upper or lower turrets
requiring coentinuous rotation, in which case speed control seemed best

suited,
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.; The EBendix lower turret was judged "unsatisfactory" by Henderson.
Not only did the apparatus reveal a demd spot at neutral but a complete
loss of control as well, Henderson was emphatic: ®I feel that this
particular system has so little to recommend it that it should be dropped
in favor of either the hydravlic or the G.E. system [amplidyne]l." lany

. gunners agreed with this verdict when the Bendix turret reached the stage
of combat operations,

Summarizing turret projects in the United States, Henderson pointed
out that in every case turret designers had devoted too little time and
attention to gunner comfort, OSeat design, hand control position, slot
c¢losure, and heating were all important but neglected considerations,
loreover, besides the unfavorzble feature of a dead-spot neutral, most

. of the turrets revealed that inadeguate consideration had been devoted
to gun and loading accessibility. Few of the turrets contained harmoniza-
tion facilities. In short, ‘very few of the turret designers knew much
about the practical aspects of gunnery.

Perbaps the two most critical comments of the Henderson report which
affected turret designers in the United Stztes were: (1} entirely too
little attention had been devoted to the scanning area, the field of
view, provided in each turret; and (2) it was imperabive to standardize

. sights before attempting to standardize turrets because turret design
hinged inevitably upon sight design. The vslidity of this axiom became
all too apparent when the Materiel Division procured the Consolidated
tail turret, but for the moment division policy had seemed to setile

1
on the N-series reflex sight.

1, Miotes on gun turrets for aircraft in the USa," by B. B. Henderson,
BAC, 28 Feb. 194, in \F Lib., D/72.11/117.

I T T .
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The British Air Commission was anxious to secure turrets for British
aircraft or Lend-lease aireraft in British service. There were two
posaible courses of action to this end-~manufacturing British turrets in
the United States or standardizing a turret for use in both the Air Corps
and the RiF., Either course of action promised to be difficult. Space
and weight considerations, among others, made it impractical to install
British turrets on aircraft built in the United States. On the obther
hand, converting domestic machine tools to British specifications would
be inevitably complex, while the prospect of coordinating the Air Corps
and the RAF in a joint production pian contained difficulties that were
all too obvious to Materiel Division officers who had had experience
with inter-4llied cooperation in the first World W‘ar.z

In June 1940 the Curtiss Aeroplane Company received an inguiry from
the British regarding Curtiss! interest in taking up the license to
ranufacture Frazer-Mash, Boulton~Paul, and Inglish Vickers components
in the United States., Curtiss did not wish to undertake such a project,
but reported the inquiry to the Materiel Division, suggesting thet it
could be ateered to some other manufacturer 1f the division so wished.3

Procurement of B-2i's for the British under Lend-Lease brought the
question of turret installations to a head. In November 19450 two British
engineers, C. B, Lowe of Nash~-Thompson, Ltd., and a Ur. Hughes of Boulton=-

Paul, arrived in the United States with three Frazer-Nash and two

2. Tor specific case histories on this point see "History of Bureau
of Aircraft Production" [World Wwar L], chapters on Foreign Kissions
to the U.S., and Bureau of Aircraft liissions Overseas, pp. 1161~
1278, Reel No. 2 of microfilm copy in AFSHO files,

3. B. S. Wright to Col. O, F. Echols, 28 June 1940, in LTSC L73.5,

" General.

- R L. el h.
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. Boulton-Paul turrets to hold a conference with Army and Wavy personnel
at Wright Field.h
The Chief of the Materiel Division in Washingbon reduced the problem
to its simplest terms and directed iright Field to prepare plans for
producing either the Boulton~Paul or the Frazer-Nash in the United States.
. Yhen the several models became available for test and inspection, the
directive added, a selection of the better of the two makes could be
made and the production plan put into effect.5 To facilitate this program
the British were willing to send a "works manager" and technicians to
assist in demonstrating vital shop practices to speed the establishment
of domestic turret production.6
IE}'BNright Field turret conference in Decewber 1940, British engineers
. deseribed and demonstrated several types of British turrets, which were
considered in great detail by a widely representative board of Air Corps
officers who had gathered to study the turret production problem. In
general, British policy favored locally controlled turrets. "Remote
sighting is not considered feasible by the British,” the conference
reported, "for the reason that serious deflection problems are bound to
result,® As a matter of practice, the HAF was temporarily abandoning
remote systems when initial inaccuracies of three mils were encountered.
. After the discussion narrowed down to local turrets, it was decided

that the Frazer-bNash type control handles, a modified "handle bar"

Le Memo, Chief, irm. See. {l:ash.), to Chief, LD (Wash.), 22 Nov. 1940,
in AAG 473.5.
5. CIT=129, 4 Nov, 1940, in Arm. Lab, Classified Technical Instruction

file,
. 6, Chief, Arm. Sec, (.ash,) to MD (WF), 4 Nov. 1940, in irm, Lab. file,
EeOe 553~1~350,
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. arrangement, were superior to the Boulton-Paul stick control, but at
that point the discussions bogged down., By December 1940 the liateriel
Divieion had let a number of turret contracts, and manufacturers were
well along toward production.
When the conference turned to consider future standardization, it
. was pointed out that the need for production guantities before the end
of the development period effectively killed all hope of immediate
standardization. Howewer, as a starting point, mounting ring dimensions
had to be standardized to give aireraft designers a basis for planning,
The Wright Field argument against manufacturing British turrets in
the United States was that even with a nmucleus of technical experts from
the United Kingdom, production of British turrets in the United States
. would not begin to roll for 18 months, by which time domestic production
would be well advenced, It was felt, however, that British turrets could
be manufactured in the United States if supported by priorities, pro-—
viding such production did not interfere with domestic outputs To do
this, the conference considered it wise to allocate British turrets to
s manufacturer not already tied up with Air Corps turret contracts.7
It was evident that the RAF was as lukewarm to standardization as
the Air Corps, according 4o a panel discussion at the Ministry of Alir-
. craft Production in London. Inevitably, the point was raised that
concentration on any single type of turret must be avoided in order to
retain a wide potential range for every possible future needs To

illustrate this with a pointed case, consider the limitations on the

. 7. Memo Rpt., EES and PES, 13 Dec, 1940, in ibid.
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development of stabilized turrets which would have been imposed if all
Air Corps turrets had been eguipped with tapered cone friction cluteh
speed controls when electric stabilization ceme in, An RAF wing
commander who had toured the United States inspecting turret manufactur.
ing facilities reported that the Maveriel Division had gone into production
with turrets which were "admittedly inferior," planning {to improve designs
after production was rolling and after the end of the emergency created
by the virtually unarmed planes being tu:féd out in the United Stat.es.8
* The Production Engineering Section of the Materiel Division was
specific in pointing out that the mere fact that British turrets utilized
230=cal. while domestic turrets utjlized .50-cal. guns was “sufficient
o discourage any further consideration of the use of British turrets,"
for the loss of time involved in changing over design and accessories
from a .30 135? +«50 turret would nullify the time saved by using a ready-
built foreign design.9 Complete standardization of all turrets was
quite obviously an utter impossibility, but the project to build a
British type of iturret in the United States forged ahead nonetheless,
urged on by the dire need for turrets in the United Kingdom and the
pregsure of interested industrialists,

A number of manufacturers, including Packard and General lotors,
indiceted a desire to consider turret production when it became evident

that turrets had reached the stage of large-scale industry, but the Chief

8., "finutes of First Meeting of Fifty Caliber Gun Turret Panel Held
2l Feb, 1941," by U. S, Military Attaché, England, Rpt. 42699,
24 Feb, 1941, in WF Lib,, D72,11/116.

9, IOM, Chief, Bomb Br, to Chief, GFE Er., 28 Hov, 1940, in Arm. Lab,
file, E.O. 553-1"'3500

b ..
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of the Lateriel Division in Viashington directed ¥right Field to withhold
release of British turret degigns until a decision could be reached
reparding production policy. In view of the magnitude of the problenm,
it was recommended that the question be placed before the National
Defense Advisory Commission (NDAC) with the suggestion that the guestion
be disposed of in a manner similar to the method used in the case of
American production of the British Bolls«loyce engine.lo

& number of factors were involved in the ulbimate decision to
build British turrets in the United Sbates, but none was so vexing as
the problem of coordinabing both the guantity requirements and the design
standards of the Army, Navy, and British air arms, The inter-service
nature of the question made it an obvious one to refer to Lhe Joint fire
craft Conmittee (JAC), where it was handled by a Subcommittee on Standardiza-
tion of Aircraft Turrets,

Although the JAC had discussed turret standardization in principle
as early as fugust 1940, the subcommitiee on turrets did not hold its
first meeting until Januwary 1941, During the cowrse of this and two
meetings the following month, it was decided that 2 conbination of the
best features of Boulton~Faul and Frazer-Nash turrets could be combined
to design a twin-,50 turret acceptable to the Army, the Navy, and the
British. The proposed turret, called the ANB, would not be suitable for
planes already on contract, but could stand as an objective in anticipated

aircraft designa

10, TiX, Chief, MD (.ash.) to MD (4F), 30 Dec. 1940, in ibide The
Naticnal Defense Advisory Commission (NDAC) is sometimes referred

to as National Defense Council. It was merged into the
((Ji‘i‘ic§r of Froduction Management (l9h1)}%H%h??ﬁa@%ﬁéﬁu&é%ntﬁgard
1942},
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. The JAC subcommittee planned to extablish a completely free pool

for design ideas, patent rights, etc., in an effort to speed the pace
toward design stabilization as a factor in standardization. To mske a
sbart in this direction, the subcommittee directed the Army, Navy, and
British alr arms to submit a statement of estimated AVB turret require-
. ments in order to arrive at a cumulative production figure. This total
would then be subtmitted to the NDAC, which would establish facilities
for production. The JAC plan ealled for preliminary turret drawings
from England in May 1941 and final drawings in the Un:?.ted States by
August 1941, 4s a point of departure, the plan suggested the manufacture
of 500 upper and 500 tail turrets of ALB design. JAC directed the Office
of Production Management (OPH, successor to NDAC) to survey industirial
. facilities in the United States for the purpose of selecting a suitable
manufacturer with adeguate potentizl production capacity.

Specifications for the proposed ANB turret were drawn up, stipulate
ing Frazer-Nash hand controls, a minimum of 600 rounds of ammunition for
each gun, twin .50tg, an elevation arc from plus 850 to minus 30° , and
with BOo-par—second and 50°—per—second maximum elevation and azimuth
speeds from a minimum of l/2° per seccnd, both laying and training. The
specifications combined all the best features of turrets, both foreign

and domestic, including armor plate, adecuate harmonization facilities,

11. Report of JAC Subcommittee on Standardization of Aircrafi Turrets,
20 Feb., 1941, in Aprm. Lab, file, Secret Correspondence, folder 2,
1941, See also HMinutes of Conference of BAC, NDAC, and Air Corps
representatives on standardization, WF, 27 Aug. 1940, in AL Project
Records 1940-1941, compiled by Cole Ae J¢ Lyon {(microfilm}, vol.
. 38, "Conferences, etc.," AT3C Historical Office.
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amunition boosters capsble of sustaining three G's, automatic gun

chargers, emergency manual operation facilities, and many other important

devices already appearing in one or ancther of the turrets being independently

manufzau:tureret:l.l2 The ANB standard turret seemed off to 2 flying start.

Materiel Division engineers familiar with the practicsl problems of

. production were less enthusiastic than the Washington planners. The
division insisted that turrets were required to meet aireraft delivery
schedules; and if it proved impossible to meet such schedules, steps would
have to be teken to "freeze the design" of a domestic turret type to furnish
design data to aireraft manufacturers, In any event, it had become imperative
to decide upon a definite nanufacturer for the ANE standard turret, in order

to plan tool regquirements in a.dvance.13

. The earlier plan to manufacture unmodified British turrets in the
United States fell to one side as the ANB project gabhered headway, In
Marchh 1941 the Chiefl of the Materiel Division in Bhashington informed Wright
Field of a decision to shelve the British turret production program. Up
to that moment there had been no written agreement concerning detailed
requirements for such turrets. The transition from .30-cal, to ,50-cal,
gans promised to consume a year; and inasmuch as turret production in the
United States had already achieved a substantial level of development, it

. was decided that no action would be undertaken on British turret produce

tion until a definite requirement appeared.u

12, JAC Subcommitiee on Standardization of Aireraft Torrets, ANB upper
midship turret specificabion, Feb. 1941, in AAG 473.5.
13, T, EE3 (VWF) to MD (Vash.), 14 Feb, 1641, in Arm. Lab, file, E.Q.
553-1-350,
. 14, Exec., MD (Wash.) to Tech. Exec. (VF), 1 March 1941, in ibid,

"!"f’l_' w?‘ :\a'lkn‘{f R
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. The OFY committee assigned to investigate potential turret manufacturers

soon narrowed the field down to two St. Louis concerns, the Zmerson Electric
Manufacturing Company and the Knapp Monarch Company, the former specializing
in asnall motors, the latter in electrical appliances, Both represented well-
established, efficient organizations. Emerson had an ample but old array of
. machine tools which would require little revision for turret production.
Knapp had a number of new machine tools, but they were not particularly well
adapted to turret tocling. Both manufacturers lacked adequate engineering
staffs, but each had large floor-space areas and a suificient number of
millwrights and toolmakers to undertake & novel projecte. Although neither
concern had had mach experience in the precision work required in turret
manufact.ure', both were anxious to enter the field.l5
. The OPM{ favored Fmerson, since its capacity was not already overloaded
with defense work. Following the JAC plan, CPM opened negotiations with
Emerson regarding facilities, contracts, etc., and the Materiel Division
prepared to send a liaison officer to England with an Emerson representative
to obtain detailed manufacturing drawings of British turrets, The division
felt that it was essential to send a liaison officer, for, as one officer
said, "If we let the manufacturers go over there on their own, probably
they'd meke a thestrical of it.“16
. Hmerson acquired an interest in the turret field by buying up certain
manufacturing rights which became available whea the Tucker turret project

dissolved after failing to secure a production contract from the Air Corps.l7

15, Twx, Chief, EES {WF) to Chief, %3 (iash.), 15 April 1941, in Arm.
. Lab. file, Machine Gun Mounts 1941,
16, Asst. Chief, kireraft Sec., (wash,) to Chief, LD, 18 hpril 1941, in
ibid.
17. Contraci See. (WF) to Emerson, 27 karch 1941, in ibid.
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. The OF decision to seleect Emerson to mamfacture the ANB turret was made
without special reference to the lLateriel Division, which had evinced
little faith in Emerson's capacity to produce. One Air Corps official in
Washington probably reflected the prevailing ilateriel Division opinion
when he said of Emerson's ANB coabract, "I don't koow whether they!ll ever

. get them done or not, but don't much care." DPlans to inerease aireraft
production to 1,500 planes per month in June 1943 made it essentizl to
anticipate inecreased turret production; but the burden was expected to
fall upon Sperry and Bendix rather than upon any new, uatried mzau:n.zi‘::m‘l:urer.:'l'8

Very shortly after the OFM had decided upon a facility for the ANB
turret, W. S. Symington, represeabing Fmerson, set off for England, where
he learned that the Ministry of Aircraft Froduction wanted both the

. Boulton~Paul and the Frazer-Nash manufactured in the United States. This
plan was, of course, conirary to the JAC standardization program; and in
addition, as Symington pointed ocut, to produce two completely different
British turrets in the United States would result in an extravagant waste
of toolings This apparent impasse was settled when it was decided that
a selection would be made between the two major British mapufacturers'
models by Wing Commander Spreckley, the turret project officer who had
previously toured the turret facilities of the United States.lg

HWing Gommander Spreckley and Symington visited the various centers

. of turret manufacture in the United Kingdem to secure firsthand informa-—

tion upon which to ddcide between the two turret types., Syminghon was

18, Fhone transcript, Col. Urandison Gardner and kaj. F. C, iolfe,
. 25 April 1941, in ibid.
19. Maj. d. T. Murtha to Brig. Gen. O, P. Echols, 13 lay 1941, in AAG
473.5, Mounts,
"f*-ﬁiz —'\'“i_ld.. e
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impressed with what he saw, The Frazer-Nash plants he described as
njewels of efficiency" even though they were working through "blita"
debris. Their handling of magnesium casting he rated as "far shead of
anything we have seen in the States." Nevertheless, ¥ing Commander
Spreckiey selected the Boulton-Paul as the model for use in the ANB
. project,
The Boulton-Paul turret was ideal for the purpose intended, not

only becanse it was less complex than the Frazer-lfash but also because

it was produced under conditions which lent themselves adnirably to

application in the United States. The Boulton-Paunl turret was not actually

mamufactured in the Boulton-Paul aircraft plant where it had been designed

by J. D. Horth, the Managing Director. Instead, only drawings were pre-
. pared there and all production was carried on by the lucas Company, an

emergency turret faeility in Wales with a capacity of approximately KOO

turrets a month, This "remote control" project played directly into the

hands of the ANB plan, for it forced Boulton~Paul to prepare manufacturing

drawings that were much more detailed than if the turrebs had been con-

structed directly in the home plant.

Even though Boulton-Paul drawings were available in vastly more

elaborate detail than Frazer-Nesh drawings, the intricate task of pre-
. paring tracings suited to industrial standards in the United States
threatened to be a time-consuming process. To insure a sufficiently
domestic interpretation, Symingbton was accompanied by two engineering
draftsmen from his Emerson staff, At the same time they were assisted

by a corps of Benlton~-Psul techniciana.

ﬁ»ﬂﬂd"‘lﬂnﬂy JL?('_ I
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. The degign selected represented a long evolution of turret structures.
North, the Boulton-Faul designer, had worked on turrets for over 10 years
and held a number of vasic patents in the fisld, The fundamental principles
of the turret were, by a curious coincidence, of French origin.zo Accordw-
ing to the repert of an FRAF officer, it was shortly after the racing car

. designer, Frazer=ash, had built his first power turret in 1933 that a
British armament dealer stumbled upon a lead which tock him to a i, de
Boulsson in Charentan, just outside of Paris. The De Bouisson turret,
which contained the basic elements of the electro-hydraulic system of
the future Boulton~Paul turret, had been offered to a French official,
when that officisl refused to consider the turret without benefit of a
bribe, the furious inventor had turned his manufacturing license over to

o Boulton-Paul in England,<

The deeision to seleet Boulton~Paul was cabled back to the United
States, where there had been a pood deal of disturbance over the delay
encountered between the time of the OFY decision on the Emerson facility
and the time when British drawings would be available to begin production.22

The Chief of the lateriel Division had been especially disturbed, and had

written to the assistant chief at Wright Field: "It is my opinion that

if we cannot come to an agreement at once, we should forget the whole

. proposition and manufacture Sperry turrets. w23

20, Rpt. of W. 5. Symingbon on trip to the United Kinrdom, 5 May 1941,
in Arm. Br. file, Secret Correspondence, folder 2, 1%94il,

2l. London Sunday Pictorial, 22 Qct. 1944, feature article by Group
Captain C, Hilton Keith. De Bouisson is sometimes spelled De
Boysson.,

. 22. B&R, OCAC to Chief, 1D, 6 May 1941, in AaC 473.5, Mounts. See also

RiR, Cnief, MD (Wash,) to Chief, MD {WF), 12 May 1941, in ibid.

23. ICK, Chief, MD (Wash,) to Asst, Chief, MD (WF)}, 8 May 1941, in ibid.
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. The Air Corps representative who had been scheduled to accompany
Symington to England arrived after the declsion had been made on the
Boulton-Paul, Fearing that Frazer-Nash or Parnall, Ltd., might later
wish to make a political issue of the selectioen and bring unfavorable
publicity to the Air Corps, the representative, Maj. J. T. Murtha, an

. officer who had been intimately associated with the lateriel Division's
armament program, adroitly arranged to have it officially reiterated that
the selection of Boulton~-Paul was a British decision.

It was perhaps unfortunate that there was such an urgency in the
whole decision, for the fate of the ANB standard turret was largely
decided when it had been determined to follow Boulton-Paul's fundamental
design, Major Murtha reported, "it appeared wise to accept without

. question anything they have to offer. The whole thing has now progresaed
to00 far to delay by fighting over furiher cl'lang_v,e.*a..“:u‘L The Materiel Divie
sicn accepted the Boulton-Paul decision as final in Msy 1941; and, upon
Symington's return from England in June, the first steps in ANB turret

production were und.ertaken.25

In May 1941 the Chief of the Materiel Division in Washington directed
Hright Field to meke a survey of the various types of Air Corps bombers
that might be able to utilize the ANB standard turret. The Materiel

. Divigion did not look with favor upon the ANB turret, which would not

come into production until late in 1941, when the domestic turrets already

24, Y¥aj. J. T. Murtha to Brig. Gen, C. P. Echols, 13 May 1941, in ibid.
25, Chief, ¥u (hash.) to Anderson-i¥ichols Assoclates, 2 June 1941, in
ibid. See also Memo Hpt. by Maj. lurtha, 10 June 194l, in Arm. Iab.
. file, Jecret Correspondence, folder 2, 1941,

W L e
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. under contract would be ready for installation, However, the division
agreed that if the AN3 proved superior to domestic turrets, it could be
exchanged later when production increased.

A proposed program for allocating ANB turrets was prepared for OFM
for the 700 Liberators scheduled by Lend-Lease preduction plans, 500

. Vega Venturas, more then 450 Lockheed Hudsons, and 500 MEartin Marauders,
in addition to an unallocated 2,500 to the Navy--a grand total of over
6,500 turrets. Although an almost entirely speculative figure, this
number offered a starting point upon which to plan ANB contracts., Fmerson
expected bo reach a 1,000-e-wonth production rate by June 1943; but the
Meteriel Division planned to issue a letter of intent on a total of a
mere 1,000 turrets in order to help get Emerson started,

. The Materiel Division looked askance at the ANB turret, which, apart
from being a compromise to begin with, was reported as unsuitable for
many types of aircraft because of space and weight limitations and air-
plane desipn characteristics.zé The division was, however, very willing
to have OPM assist Zmerson with priorities; for even if the major portion
of ANB turrets produced were allocated for British and Navy use, the
Everson facility by that time represented a turret capacity which could

not be ignored.27

Even before z decision had been reached on the amament of the B-2k,
. for which the AHB turret had been seriously considered, the lateriel

Division decided, at least tentatively, to "wash out" the ANE program

26, Memo prepared for H. E. Boyer, OFM, 9 June 1941, in ATSC 473.5,

. General.
27. Chief, D (Wash.) to H. R. Boyer, OFi, 1 July 1941, in ALG 473.5,
Kounts.
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af'ter the first limited production order had been run through. It was
suggested that the Hmerson facility might well be devoted to subcontract
work for Sperry or Consolidated, Bendix turret deliveries had been so
poor up to July 1941 that it seemed not unreasonable to switch some of
. the Bendix contract to uwtilize Emerson's capacity. The chiefl of the

Armament Laboratory spoke for the future when he suggested that it would
be wizer to pile the bulk of the subcontraet work "into Symington's lap"
and build up one facility rather than three or four.

The Defense Flant Corporation (DPC) signed a plant-expansion contract
with Emerson on 15 July 1941, under the sponsorship of the OFil, However,
as early as June construction had been under way on the new Emerson turreb

. plant in St. Louis. By the mlddie of July, at least 70 per cent of the
necessary machine tools, most of then procured secondhand to facilitate
delivery, were installed in tewmporary quarters.29 The original LPC
lezse provided for '704,000 scuare feet of plant space equipped to produce
1,000 turrets a mohth, the whole expansion to be financed by DPC at

approximately $10,500,000,

28, Phone transcript, Lt. Col. Grandison Gardner and Maj. F. C. Volfe,
. 10 July 1941, in Arm, Br, file, E.O. 54-1-130. See also phone
transeript, Maj. 8. R, Brentnall, Bendix Ees. Rep. South Bend and
Col. K+ B. Volfe, 22 July 1941, in ibid.
2%, Symington, Emerson 4o Boyer, OFM, Rpt. No. 3 on Emerson DFC project,
22 July 1941, in AAG 473.5, Mounts.

R
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The magnitude of the turret manufacturing business et the Emersen

facility alone is suggested in this tables

DPC Projecta

784 785-1 78A-2 7843 78A-k

Items origi 18 Dece Al | 2L Joans 42 |27 ar, 42 |26 Apr. 42

land, etes .} 65,001! unchanged | 3 92,901 | unchanged | unchanged
Buildings, |

ete, 2,742,315 | 53,283,915 | 3,994,857 | 54,398,880 | 85,485,352
Vachinery, |

etc, 7,583,370 | unchanged | unchenged | 8,819,434 | unchanged

Autos, ete, 21,545 | unchanged ; unchansed 30,017 | unchanged

TOTAL 10,422,231 | 10,953,831 | 11,692,673 | 13,341,232 | 14,427,704

| R PO B _

By dune 1943 the project was substantially complete, with 817,300

square feet of flcor space at a total cost of £

,870,794 to the DPC.3C

The original Emerson plan called for a capacity of 1,000 turrets of a

single design, with all major assemblies subcontracted to one or more

outgide manufacturers.

By Varch 1942 Emerson was producing 2,000 turrets

menthly, representlng sevem different designs.

The original plan for an

office staff of 300 employees and a factory roster of 2,200 employees

had increased by March 1942 to nearly 2,000 and 5,500 employees, respectively.

By the end of July the ANB turret at Emerson had run upon some very

definite snags,

Cf the estimated 750 drawings considered necessary to

30.

17 June 1943, in AAG 00L.03,
project 78A, App. A, Schedule IV, 28 April 1942, in ibid,

Memo, Brig, Cen. F. ¥, Hopkins, Jr., MV&D Resources Dive to USd,
For information in table, see IFPC

Totals

in table include items not shown in detailed breakdown.

31.
ibid.
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produce the ANB turret, only 554 had arrived from England. Symington,
president of the new Zmerson turret plant, complained that the perpetual
flow of minor changes being entered on the British drawings to keep pace
with combat developments delayed the Imerson project intolerably.

More important, perhaps, was that Emerson had run into produetion
troubles with the magnesium castings necessary for the ANB, Shop practice
in the United States proved notably inferior in this field to that pre-
vailing in the United Kingdom, and Emerson was anxious to securs some
British artisens as well as some special-purpose machinery, necessary
despite the fact that one of the original reasons Boulton-Paul had been
chosen over Frazer-Nash was that the latier required more sgpecial~purpose
machinery in the course of manufacture than the former and threatened to
be a machine-~tool bottleneck if chesen for production in the United States,
As late as September 1943 the War Production Board (WFB, successor to CPU)
was still negotiating with Emerson regarding an extension on the Emerson
plant to include a magnesium foundry.sz

By the middle of August 1941 still other troubles appeared to the
detriment of Emerson production. Sixteen roller bearing manufacturers
throughout the United States were canvossed as suitable bearing subecon~
tractors, but not one of them was interested, While Zmerson invoked the
aid of the OPM in the quest for ANE standard turret bearings, British

engineers warned that Enerson's worries were just beginning, for the

32, W. S. Symington to Col. Grandison Gardner, 23 July 1941, in AAG
473.5, Mounts., See also memo, Brig. Gen. F. M, Hopkins, Jr.,
}2:&D Hesources Div., to USH, 10 Seps 1943, in LAG 004e03.
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really difficult problem of turret construction in the United Kingdom was
the construction of a transparent canopy with adequate optical 1)1*0];3e3:"c.iess.33

Technological difficulties, furthermore, were only a part of Emerson's
problem, By Wovember 1941 the ANB turret project was bogging down with
adninistrative difficulties as well. Emerson complained that three different
agencies, the Ixperimental Eagineering Section at right Field, the Tech~
nical Subcommittee of the Joint Aireraft Committee, and the 3ritish Air
Cormission, were all sending letters of instructions relating to modifica-
tion details on the ANB burret..%

A shipment of Boulton-Paul drawings to Hmerson aceidentally enclosed
a letter from a Boulton-Paul drafbsmen to the Vinistry of Aireralft Produc—
tion (MAP) advising the ¥AP to hold up production abt Mmerson because
sertain accessories in the Boulton-Paul drawings sent to the Uniied States
had proved unsatisfactory in combat., This information had not been trans—
mitted to the United States by the MAP, and Emerson wrote indignantly to
the British Air Commission: a2

It seems tn us that someone was negligent in not cabling this

information as we have been going right aheads « » o This work

has been in process of actual manufacture by subcontractor,

which means that we have a lotmore scrap loss than if we had

been notified promptly.
International coordination was proving to be a difficult and costly venture.

If negotiations with the British proved troublesome, coordination with

the Navy was equally difficult, In July 1941 the Chief of the Navy's Bureau

33, Fmerson to MD (¥WF), 11 Aug. 1941, in Arm. Lab. file, Secret
Cerrespondence, folder 2, 1941,

34, ZImerson to MD (WF), 18 Nov. 1941, in AAG 473.5, Mounts,

35. Bmerson to BAC, 3 Dec, 1941, in ibid.
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. of Ordnance informed the Chief of the Alr Corps that the Navy requirement
for ANB turrets would amount to & total of approximately 759 units for
use with the Martin PEM-L, deliveries of which were to begin in April
l9h3o36 From an initial plan schednling over 6,500 turrets for all
services, the total requirement had dropped to 759 for the Navy alone,
. The British and the Air Corps were no lonker interested in the AIEB.37
When the trend downward in AYB requirements became evident, Emerson
began rapidly casting about for production to utilize the enormous
potential capacity of the new plant. By September 1941 Emerson was busy
urging the OFM to route Ordnance tank turrets te the new facility, not
alone to exploit the capacity available but alsc to meintain the existing
organization. Outside promotion groups, Emerson claimed, were luring away
. subcontractors to become prime contractors on Crdnance projects. tjaturally,™
the presideat of Dmerson pointed out, "such mmddying takes the interest of
our subcontractors off the main job at hand; namely, furnishing Emerson
su.ba.senembl:‘uaaa."38
In December 1941 Emerson reported that the new facllity was dowm to
17.5 per cent of capacity. lMoreover, an important subcontractor, Servel,
a gas refrigerator concern, was represented as ready to sever all ties
with Emerson hecsuse up until that time all Emersonts work had been tool~
. room rather than production jobs, Consecuently, Emerson was anxious to

line np production contracts with the Materiel Division.39

36, Chief, Navy BuOrd to C/AC, 30 Sep. 1941, in Am. Lab, file,
Correspondence, folder 3, 194l.
37. I, Chief, Arm. Br. to Chief, PE3, 24 Dec, 1941, in AAG 473.5,
Mount s,
. 38. W S. Symington, Emerson Lo H. R. Boyer, OPil, 26 Sep. 1941, in ibid.
39, Phone transeript, W, 5., Symington, Emerson and Maj. M, D. Burnside,
MD (WF), 1 Dec. 1941, in Arm, Lab, file, Correspondence, folder 3,

1941,
1 . PR
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. The lHateriel Division was equally anxious to foster Emerson as a
turret manufacturer. The cnief of the Production Engineering Section
described Emerson as the first facility for that class of equipment
"really honestly and ¢unscientiously going into this subcontracting
picture on the scale we'd llke to see it done,” ‘hen the Ford Yotor

. Company sought a subcontractor for the tail turret on Ford-built Con-
solidated B-2)ts, Wright Field suggested that Ford utilize the excess
Emerson capacity which had been established for the now unwanted LNB
turret,

Ford had hoped that the Materiel Division would designate the B-24
tail turret as government-furnished equipment (GFE), but the division,
already overloaded with work, was only too glad to let the turrset remain

. a part of the airplane contract as it had been originally, relieving
the Armament Hranch at Wright Field of an additional and onerous
regponsibility, For this reason, as well e3 to prime the Emerson capacity,
the chief of the Production Ingineering Section was more than willing to
encourage Ford to build tail turrets at mer,son.Z+0 In August 194, there-
fore, ¥ord opened negotiations with the new turret facility.

The Fmerson technique of arriving at an estimate on the Uonsolidated
tail turret for Ford gives an enlightening side glance lnto Emerson's

. large~acale industrial cost-aceounting methods, In the ANB there were
approximately 1,800 parts, 1,000 processed by Imerson, 800 procured by
purchase, Studies revealed that an average of 13 jigs, dies, or other

tools were required for every part processed, or a total of 13,000 tools

. 40, Phone transcripts, 4. H, Vitel, Ford and Lt. Col, K. B, liolfe,
PEu, 29 July 1941, in .iTEC 473.5, General.
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’ which cost an average of 100 per tool. This placed the cost of tooling
the ANB at 1,300,000, On this basis 7,500 tools for the Consolidated
turret machined to a finer degree of tolerance would cost an estimated
750,600, which Emerson offered Ford on a take-it-or~leave-it basis.

Fmersen had tooled a turret and knew with the bitterness of experience

. that turrets were not run~of-the-mill machine-tool jobs for mass produc-
tion. Symington, the rresident of Hmerson's turret division, expressed
the point tersely when he wrote to Ford: "lurrets may not be as hard to
build as gun sights. DBut they are not as easy as sometimes thought.

They have never been builk in real production in this country.“l'l
Fmerson knew what Ford did not realize. Turret production throughout
the development stage, which had not yet terminated, was a tool~room joba

. Ford informed /right Field that Emerson did not appear to be a satisfactory
source, and Ford wes determined to canvass the Detroit automotive concerns
in search of a better price.

vhen the Consolidated tail turret coabract plan died out, the Produce
tion Engineering Section chief asked if Hmerson had ever considered the
Sperry turret, Symington reported that the president of Sperry had
mentioned Emerson favorably as a facility for Sperry units. ilhen a
similar proposal was susggested for G.,E. turrets, Symington hedged and

. sparred; for he was unwilling to commit Emerson to a subcontract policy,
since his organization had its own group of subcontractors and an established

"agsembly capacity."

4le. BEmxerson to Ford, 13 lug. 1941, in Arm. Lab, file, Secret
Correspondence, folder 2, 194l1.
‘ 42. Phone transcript, &, Hs wibel, Ford and It. Col. K. B. lWolfe,

PO
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. It became essential, however, to reach a decision shortly; for the

original Emerson plant had a production capaciby of 250 turrets a month,

and the new turret division which would be completed in Jamuary 1942

promigsed to increase that figure to a potential capacity of wore than

1,000 turrets a month., ZEven if Emerson had to foreswear the superior
. profits of prime-ccntract production work, the time drew near when it

was absolutely necessery to utilize Emerson's capacity.

Sperry asked Emerson to consider manufacturing 100 upper local
turrets a month beginning in July 1942; and Emerson, once convinced of
the necessity of accepting work on such a basis, entered wholeheartedly
into the project, sending Sperry a 75-page list of Emerson machine tools
to support the Symington c¢laim that Hmerson stcod among the "best liidwest

. machine tool plants." 'then the chief of the Armament Laboratory at
Tright Field suggested that a similar list be sent to G.E,, Smingbon
reported that Dmerson would bulld any bturret steered in by Vright Field
s0 long as valume production was assured. Of the three major concerns,
Emerson would prefer G.E, first and Sperry second, Symington, however,
was unwilling to touch Bendix turrets, which the British had condemnad.ha
Lfter visiting the Sperry plant, Emerson moved the upper local
turret schedule ahead from January 1342 to the production of 10 in
August 1941 and 100 & month by the end of the year. With an optimism
known only to szlesmen, Symington informed Tright Field that Zmerson
would welcome 211 the buciness of swamped turret menufacturers whicn the

¥ateriel Division could route through St. Louis.u'"

. 43, FPhone transeripts, ¥. S, Symington, Emerson and Maj. F. C. wWolfe,
Arm. Lab., 12 Aug. 194), in ibid, .
bly. Hagerson to XD {WF), 12 Aug. 1941, et seq., in Arm. Lab. file,
Hachine Gun Mounts 1941,

o TR
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. The Materiel Division took Emerson at its word; and soon the Emerson
facility was heavily engaged in Sperry contracts, building both upper and
lower turrets as a part of the production complex built up beneath the
Sperry organization. &4s if the ANB project had been but an initiation,
Emerson was soon in the very midst of a series of baffling coordinatlon

. problems, Anobher of the Sperry subcontractors, the Steel Products
Engineering Company of Springfield, Ohio, algo buill Sperry upper turrets;
and, to establish a smoothly functioning system of coordinating design
and industrial methods, Emerson and Steel Products agreed to have
representatives visit each otherts plants on alernate weeks to press
eooperation and standardlzation to the 1limite i

Even at its best, however, coordination was difficult, When Steel

. Products engineers designed a new canopy or turret dome, the project had
to be approved by Jripght Field, not direetly but through channels-—that
is, through the prime contractor, Jperry—before drawings for the improved
design could be circulated from the point of origin.hs This cumbersome
but necessary system was annoying even among amicable concerns, but between
hostile competitors it became ilntolerable.

Briggs Manufacturing Company at Detroit, another Sperry subecontractor,
seemed, so Hrerson believed, to be thwarting merson's development despite
the faet tiat Briggs, an suteomobile body concern, and Emerson, a manufacturer

. of electric motors, could in nec sense be termed competitors in the peace-
time merket. Ererson charged Bripggs with obstruction in refusing to

reveal the list of Bripgs subcontractors to Euerson even in face of the

. 45, Emerson to Steel Produets, 28 Nov, 1941, in Awa. Lab. file, Secret
Correspondence, folder 3, 194l.
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fact that both concerns were straining to nroduce Sperry lower ball
turrets fast enough to meet an sver more critical need. Noreover,
Cmerson complained, the drawings which Sperry directed Brigegs Vo send
Frerson were "inadequate," calling for “unreasonable tolerances" for
unmated parts,

To judge from the record of the turret industry, as late as September
1941 it seemed that holding the market was more important than cooperative
production., When Emerson undertook the Sperry subcontracts, Sperry agreed
to furnish controls, drive units, and fire interrupters, Vickers, Inc.,
the Detroit satellite of Sperry, was the sole source of all-essential
Vickers units, hen Enerson's turret production rate in conjunction with
the other Sperry subcontractors brought the demand for Viekers units
above Vickers! capacity to produce, fmerson sought to produce Vickers
units independently.

¥hen Vickers gave every impression of being unwilling to expand or
to let Emerson attempt Tickers unit production, Symington threatened to
make the unit anyway, patent or no patent, saying, "tell them to sue as
far as I'm concerned"; but the Production Engineering Section at Viright
Field wisely sought to keep peace by making some sort of acceptable arrange-

nent to increase Vickers unit output.bé

Meanwhile, the Vickers unit became
& critical production bottleneck, and the lateriel Division cast about

for & substitute power drive,

L6, Thone transcript, W. S. Symington, Emerson and laj. k. D, Burnside,
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The futile search for standardization had ended in dismal failure,
but the enormous expense of the Emerson facility was Tar from wasted,
In bthat facility the Materiel Division secured the services of an
aggressive, well-egquipped, production-wise industrial organization just
waen the accelerated upswing of aireraft deliveries made turreis in

producbion quantities an absolute necessity.

L Iogmpr e
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Chapter IX
WER DRIVES, 1940-1942

The Vickers unit bottleneck which threatened to cripple turret pro-
. duction down through May 1942 was but one of the Materiel Division's
typical production problems, but for the Armament Laboratory it repre-
sented one of the most critical elements in the armament program. As
far back as December 1539, when iturrets were still largely in the draw-
ing board stage, the chief of the Armament Laboratory had inaugurated
a search for suitable drive units to power the novel gun installations,
Typical of the many concerns found in the canvass of potential
. ' sources was the L.A.B. Corporation of Sumit, W. J., a manufacturer
primarily interested in the field of instruments and controls, After
reviewing the Armament Laboratory's suggested "two gun installation,”
LeA.Bs proposed two methods of turret drive, a constani-pressure pneu-
matic system ubilizing flow~valve speed conbrol and an AC electric motor
generator regulating turret speeds wilh & circult for adding and sub-
trecting i'mpulse signals, The Materiel Division processed an Authority
for Purchase for the modest sum of ;4,300 to press development of the
latter system, but the project never d;sveloped beyond an experimental
. model which suffered from such excessive dynamic lag as to be useless

without extended &evelopment.l

1. L.4.B. Corp. to LD (WF), & Dec. 1939, in Armm, Lab, file, E.O.
55Lwl~]22, OSee also L.i.E. Corp. to LD (VF), 22 Dec, 1939 and
L, Jan. 1940; & for P 156520, 16 Jan. 1940; and Memo Rpt., EES,
o 7 hug. 1940, 3n ibid.
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. The Leal.Bs project was no more important than a number of other
similar schemes, but it is worth mentioning because it illustrates the
type of exploratory procurement the Armament Laboratory was undertaking.
The most obvious lesson, perhaps, was that insufficient research funds,
either company or government, curbed the project just when it reached

. the point where it might have matured. Only slightly less obvious was
the fact that a longer period of familiarization would undoubtedly have
produced betier results. 4s it turned out, by the time the L.AJE.
experimental model reached the testing stage it had already been super-
seded by more advanced designs of other compebtitors.

The Bethlehem torque amplifier was another illustrative case,
which demonstrated the necessity of leng~range planning in procurement

. programs. In June 1940 J. P Madden, holder of the Bethlehem Steel
torque amplifier patents, offered his patents to the Air Corps for
possible zpplicaticn in a turret drive. The amplifier had been developed
in the late 1920's by Bethlehem Steel and dropped for want of funds,
Siewens, holder of the German patent rights, applied the device in anti-
aireraft gun controls for the CGerman Army.

Regardless of any potential merit in the torgue amplifier, the offer
was rejected at Tiright Field, where it was explained thal experience had
shown it to be wiser to consider turret units as a whole rather than to

. consider components thereof, {lhen the patent holder protested that he
was in no position to develop a complete turret unit, he was directed
to negotiate with Martin, where a possible use for the amplifier might
be found. MNartin, however, already under way with the amplidyne drive

. which was later to prove so successful, brushed off the torque amplifier

—
(\:\:
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with scant attention, and Madden went off complaining that “other govern-
ments® could use what the United Stutes ignored.z

Aside from the possible value of the Bethlehem torque amplifier as
a mechanical device, the incident is noteworthy in that it suggests the
dangers inherent in a system which compelled the rejection of innovations
once the process of design and development had reached & degree of
perfection where it would no longer be profitable to consider major
innovations. Quite obviously the Materiel Division could not throw its
experimental program intc reverse for esach new item of apparatus appear-
ing on the horizon, but the case suggested a certain utility in exploring
the drive field exhaustively during the impecunious period belween wara
to prevent the misfortune of being forced to reject a potentially signiw-
ficant device in the final stages of development when it would be too
late to do otherwise.

By December 1940 it became all too apparent to the Materiel Division
that turret desipgns were chamnelizing around two types of drives, the
Vickers unit and the amplidyne. In an effort to bresk away from this
threatening bottleneck, the chief of the Experimental Ingineering Section
sént ovt & series of exploratory letters to possible turret drive manu-
facturers. Typical in this search was the case of the Submarine Signal
Company in Boston,

The Experimental Engineering Section wrote Submarine Signal explain-
ing that division engineers had nobticed the company!s advertisement for

a variable-speed lathe drive in the June 1940 issue of the trade journal,

2, J. P, Madden to C/AC, 5 June 1940, et seg., in ATSS 473.81,

T
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. Produets Engineering. The scotion elaborated on the problems involved

in designing variable~speed turret drives, even to the point of specify=-
ing speed ranges and horgue loadings, information which but a short time
before would not have.been ecirculated without elaborate precautions to
insure secrecy. This undue haste in revealing the whole problem in &
. preliminary letter was excused on the basis of the "urgency making it
necessary that the work be gotten upder way as soon as possi.l:a.‘Le."3
The Submarine Signal reply led to a conference with Viright field
representatives where the speed control, designed for use with a Rivett
lathe, was described as an electric motor actuated by current inpulses
triggered by thyratron tubes. Speed variations were determined by the
grid voltage of the thyratron, which in turn was affected by the motorts
. back electronotive force, The device seemed to hold some promise despite
the fact that it was designed to operate on an AC system., To be sure,
the apparatus in its existing form was'too heavy for aireraft use; but
the fundamental theory of operation, not unlike the Lorfeuvre patent of
1938 in the United Kingdom, gave promise for the future s especially if
alreraft were likely to go over to AC electric syst-ems.h
Unfortunately, in April 1941 there were no hydraulic turret drives
available at Yright Field t» use as a basis of comparison with the
Submarine Signal system, and so the chief of the Armament Laboratory
directed the company to negotiate divectly with Bendix, at that time

searching for a satisfactory power drive, PRendix procured a2 sample

3. Chief, EES to Submarine £ignal 0o., 5 Dec. 1940, in Arm, Lab, file,
5,04 553-1-343,
. 4. United Kingdom Fatent 482,325, 28 larch 1933, for Lorfeuvre
"thyratron® type control; Chief, PLs to Bendix, 31 March 1941, in
ATue Lobe file, liachine Gun lounts, 1941.

T
“ ,‘ﬂQ\"T"-, - or
N L IR I

B, i .

THIS PAGE Declassified IAW EO12958



This Page Declassified IAW EO12958

ARFHS-54 — 180

Submarine Signal system, and as late as October 1941 reports to the
Materiel Division indicated that an experimental syslem had been in-
stalled for trials. The project never developed beyond that stage, in
all probability because of the weight and space complications stitendant
upon the necessity of installing an AC-DC converter,

The case of the Submarine 3ignal drive is repregentative of the
method of procurement employed by the Materiel Division in its search
for a substitute drive, The Armement Laboratory's limitations in testing
facilities and personnel were never more apparent. The discrepancies
between existing 24-volt DC aireraft electrical systems and the Submarine
Signal device probably accounted for the fact that nothing ever came of
the drive.6

The drive search in December 1940 turned up another potential source,
Lear Aviq}fﬁ%’?andalia, Chio. This manufacturer optimistically promised
a drive in 60 or 90 days, a drive capable of speed ranges from 1/8° to 45"
per second with acceleratiocns up to hso per second per second7 and control
handle movement spread eccentrically over the deflection range to give an
"ideal" control curve. The lateriel Uivision in April 1941, approved a

43,000 conbract for sn experimental installation.

5. Memo Rpt. by G. T. Bixby, 13 Cct, 1941, in ibid.

6. The episode raises an interesting problem. Since the shortage of
personnel and egunipment prevented any conclusive testing of the
apparatus at Wright Field, it was turaed over tc Bendix. Does that
mark the end of Armement Laboratory interest? Is there any division
record of the apparatus and an evaluation of its worth for possible
future reference? Tf military aircraft should at some future time
switch over to AC glectrical systems, the thyratron control might
poessibly prove to be of consideraple utility. This particular idea
ma; be sufficiently familiar to insure consideration if eventually
needed, but is this true of every idea rejected by immediate require-
ments?

7. "Per second per second" refers to acceleration, while "per second"
refers to speeds that is, to a variaple rate-time ratio and a constant
rate-time ratio, respectively.

MR R
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Tl
. The Lear drive principle was essenblally simple. 1t consisted of
two parallel electric motors controlled by the same potentiometer. The
motor drive shafts fed rates into a differential with a reversible out-
put shaft pinioned from the gear assembly. Potenticmeter deflections
gave a wide range of speed variations. However, the task of perfecting
. the simple principle to the point where it would satisfy the rigid re-
quirements of a turret drive proved extremely more difficult than had
been at first expected.8 In 4pril 1942 the Contract Section at Lright
Field requested some form of results at the threat of terminating the
contract. By July 1942 Lear reported that the "pressure of other work"
had induced the company to abandon all efforts to perfect the drive.g
This case illusbrates pointedly the difficulties facing the Armament
‘ Laboratory. 4s in the case of the Submarine Signal drive, the lear Avia
device dwindled down to an inconclusive end at the hands of a manufacturer;
and the Armament Laboratory had no record of the trials, the errors, the
mistakes, and the innovations which the Lear differentisl drive evolved,
The real value of the #3,000 research contract died when the accumulated
experience of the project failed Lo reach the Lrmament Laboratory for
future reference, Regardless of the necessities of econony and the
limitations of personnel that foreed the lateriel Division to farm out
. much of its experimental work to manufacturers, a system and procedure
were necessary for extraeting every last possible element of experience

from the manufacturer!s research for the benefit of the division.

&, Lear Avia to XD (WF), 20 Dec, 1940, in Ama. Lab. file, E.O. 553-1-343.
See also Contract w535 ac 18567, 15 April 1941,
. 9. Contract Sec, to Lear hvia, 23 april 1942, and Lear Avia to LD (aF),
2 July 1942, in ibid.
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The "pressure of the work! purportedly induced lLear Avia to negléct
the experimental drive contract, A gquestion arises as to how many
potentially important idess of the kind have been lost to the Materiel
Bivision through a similar neglect, Albhough in wartime the manufacturer
has a seller's market and can afford to neglect some lines of development
for other more profitable items, this situstion probably does not prevail
in peacetime. It uculd seem that the Lrmment Laborastory would get
substantially wore for its money if it could begin exploratory contracts
such as the Lear Avie 3,000 exreriment at a time when the sum would
loor sufficliently large to lure manufacturers intc pushing research
projects toward the point of fruitful concliunsion. The bBethlehem torgue
amplifier, the Lear differential, and & half dozen other such ideas
illustrate vividly the conclusion that components arriving after the
production period begins heve but slipght chance of survival,

Quite cbviocusly, then, the time for research came long before the
moment of production; and if the lack of funds made it impossible to enter
into actual experimental contracts on any large scale, there should have
been little to hinder an over-all survey, with the resuitant lining up
of potentizl components such as drive units.

The disparity between armament installations in Europe and the
United Stetes at the outbreak of the second Vordd sar led the chief of
the Experimental Engineering Section to appreciate the need for an improved
system of evalueting attaché and other technicel intelligence reports.
Even apart from this eonsideration, which affected the entire division,
the belated search of December 1940 for a turret power drive suggests
that there mirht have been substantial utility in some plan of systematic

search through the technical literature of the day.

£ e ﬁ.’“) M
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shen the Vickers unit bottleneck threatened to reach destructive
proportions in the early months of 1941, the Armament Laboratory might
possibly have had an emergency measure available if some survey of the
technical literature had been maintained, This conclusion may be
illustrated by an example. As far back ag 1938 both the British aircraft
magazine Aeroplane and the trade publication Engineering had carried
articles on an ingenicus hydraulic motor for aircraft use produced by
the machine-tocl firm R.A.D., Ltd., of Sidup, Kent.m Throughout the
period during which the chief of the Experimental Engineering Section
conducted his frantic search for a Vickers substitute, the H.4.D. drive
was readily available; but information concerning it did not reach the
Yateriel Division until it was sent in by a military attached in February
91,1t

The Vickers unit botileneck, which resulted in the necessity of
revising turret delivery schedules downward, was the produet of several
facters: the intrinsic difficulty of machining the unit, Vickers! initial
unwillingness to expand, and the problems involved in finding a capable
subcontractor. The following chart of scheduled deliveries indicates

the nature of the bc:i;blen.ec.lc.l2

10, This information made available at Wright Field, in "Description
of RAD, cannon turret and comparison with 5071 turret," by U.S.
Military Attaché for Lir, England, Beport Mo. L0897, 9 Feb. 1941,
in %F Lib., D72.21/11.

1l. A careful re-check of ATSC files reveals no indication thaet the
Rek.De drive was known to .right Field before the atbaché report
of February 1941 was received,

12, Sperry to MD (¥WF), 3 Feb. 1941, in FE3 Arm. Unit file, Turrets,
Sperry, General to 1941,

gt §s f;;f;f,}"?]f,'g i
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sperry Upper
1941 Local Turrebs Vickers Units
30 Yarch 6 1
15 April 0 5
30 April 12 0
30 June 25 10
30 July L0 20
30 Aug, 40 30
30 Sep. 4o 40
30 Oct. 4O 50
30 Mov, J Ho] LO
30 Dece 1O 40

By the fall of 1941 the Vickers unit shortage promised to become so
cribical that the Production Engineering Section of the Materiel Division
focused attention on the Viekers plant in an effort to break the bottle-
necks

Vickers complained that ab least part of the delay in reaching pro-
duction grew out of the fact that the several members of the Sperry
complex~-Briggs, Enerson, and Steel Products-~had expressed their intentions
of using Vickers units, but no formal orders had been placed. Because of
this, Vickers subcontractors, wary of the pobential losses awaiting
the manufacturer who made commitments in advance of conbracts, were un-
willing to produce component parts.13 The Production Engineering Section
(PES) undertook to speed the approval of formal contracts to unleash the
productive capacity of Vickers! subcontractors, but discovered a new
hurdle in the process,

Several of the manufacturers using Vickers units were found to be
accunulating units in stock far in excess of thelr actual production

requirements, so PES evolved a rigid plan of inventory control to prevent

13 Phone transcript, tir. lcCabe, Vickers,and Maj. M. D. Burnside, PES,
10 Nov. 1941, in Arm. lab. file, Machine Gun Mounts, 1941,

iy, TR
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an artificiul internal bottlieneck., & system of serial numbers on each
unit menufoctured made it possible to prevent excess stocks from piling
up “on the shelf" at the various ae;serzﬂ:»lyfa.c:i.l:l'.t:i.e::s.:uF

ihen the Ordnence Department recuested permission 1¢ divert a portion
of Vickers urit output to ground turrets for the Coast Artillery and
Armored Force, it became evident to PES that no time could be lost in
expanding Vickers! capacity.l5 After an extensive OFM survey of facilities
capable of machining the close tolerance of the Vickers unit, the Hobart
¥anufacturing Company of Troy, Ohio, makers of food=preparing machinery,
was selected to increase Vickers! capaciby. Deleo Remy of Dayton, Chio,
had been considered, bul with some Jjustice Vickers was unwilling to turn
over a choice item to a potentially serlous competitor in the same market.
Hobart, however, was suificiently specialized not to offer a threst in
the i‘uture.l6

flepeated rojections of Vickers units because of "ecreep," that is,
slight leskares giving rotation whea the controls are theoretically at
neutral, forced the ILxperimenial Ingineering 3ection to revise the
specifications for Vickers units to permit inspectors to pass units with
ereep up to l/ho per second bectuse it had been found impossible to
achieve 0° per second ereep under “zllowable existing manufacturing

tolerances."l7 The struggle to waintain the margin of allowable tolerances

14, PI3 to Sperry, Briggs, Emerson, and Steel Products, 26 Dec. 1941,
and EIS to Vickers, 22 Dec. 1941, in ibid.

15, Chief, Arn, See, (lash,) to P53, wF, 23 bDee, 1941, in ibid,

16. Phone transeript, Lt. Col. K. B. wolfe, PI3 and warren Claixk, OFL,
2 Seps 1941, in ATEC 473.5, General. See 2lso PES to Viekers,
19 Jan, 1942, in Arm. Lab, file, E.O. 553-1-373.

17, Lemo Rpt., EES, 10 Dee, 1942, in Arm. Lab, file, E,0, 553-1-343.
See also IQK, Chief, FL5 to Chief, EES, 28 Oct. 1942, in ibid,

[ T |
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within a reasopably minimal figure graphically illustrates the heart of
the difficulties enccuntered by the Froduction Engineering Section and
QFK in the cuest for a facility capable of enlarging the %ickers unit
output,

4z late as lay 1942 the Production Engineering Section warned the
Experimental Fngineering Section that despite the increased output of
Vickers and Hobart, the Viekers unit production outlook was "not too
bright" and recommended that a substitute drive be found, saying, "This
variable displacement pump is considered to be the most diffiecult piece
of eguipment to manufacture of the entire armament series; indeed it
has proven impossible to find a manufacturing source to augment the two
existing sources.!

At the Armament Laboratory this discouraging shortage was all too
obvious, although in the spring of 1942 there was a general impression
that among the several turret manufacturing companies some solution to
the problem would appear, Before examining the products of the individual
nanufacturers in detail, it is well to follow the laboratory's record of .
the search for a substitute drive down to the time when production problems
were no longer critical in the United .S‘t.atesols

In Yarch 1941 the Armament Laboratory made a survey of the existing
electric drive projects to plan a campaign of future developments., The
report of the survey reached the conclusion that verying resistance
controls in series with drive motor amature circults were useless because

they gave inherently poor speed control at varying loads. The Tucker

18, ICK, Chief, PE3 to Chisf, EES, 21 May 1942, and 1lst ind., £¥5 to
PES, 29 YMay 1942, in ibid.

RSB AR
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. drive typified this controls Varisble resistance in drive motor field
circuits gave too narrow a control range. Amplidyne control was con—
sidered excellent but carried with it a severe weight penalty. The DG
pulsating controls, typified by the 3Bendix drive, stalled at slow speeds
and showed a tendency bo arc excessively. The AC systems invelving a

. rectifier and electronic grid coatrol, typified by the Submarine Signal
drive, had a severe weight penalty but gave promise of proving to be a
glmple, accurate control when perfected. Finally, the torque amplifier,
typified by the Eethlehem patent device, was not sufficiently developed
to evaluate properly.

The survey report recommended auplidyne for the present, with cone-
tinued investigation of pulsation, torgue amplifier, and rectified AC
. electron control systems for future consideration. Furthermore, it was
recomended that mapuiacturersoffering novel drive systems should accompany
their proposals with test data to subsbantiabe their claims regarding speed
variations and load capacity, to give the Armament Laboratory some means
for making immediate appraisals and for sorting the probables from the
impossibles to aveid wasting the time of valuable personnel in final
tests.19
Just after the electric drive survey had been completed, a reauest
. for information regarding metadyne drives reached the Armament Laboratory
r from the Neval flrcraft Factory in Fhiladelphim. Back in 1938 and 1939,
there had been a considerable exchange of information on e€lectric drives,

but the Havy's resurrection of the long-dead metadyne indicated a low

. 19. Yemo Hpt., EES, 10 Karch 1941; and llemo Rpt., EES, 29 Harch 1941,
in ibid.
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level of coordinatlon between the two services.20 But even though
inter-service 1laison was poor, the Materiel Division continued its
aggressive drive search throughout the industrial fisld,

The Ixperimental Ingineering Section addressed letters similar to
the one sent Submarine Signal to a number of other manufacturing concerns,
with diverse results, & query to the Briggs & Stratton Corporation at
Kilwaukee revealed that that concern had sold its speed control business
to the Graham Mepufacturing Company at Frovidence, R. I., who in turn
reported that the Graham speed control unit weighed over 200 pounds and
had & life rating of approximately 50 hours, which made the apparatus
entirely unsuited to aireraft use.r

ilegotiations with the Burklyn Corporation at Los hngeles, Califs,
for a btransmission gear drive came Lo an end when it was discovered that
the Burklyn drive required an exertion of some 20 pounds by the Operat.or.zz
A similar proposition to General liotor's ilew Departure Divisicn at Bristol,
Conne., brought the information that the New Depsrture variable speed con-
trol, WIransitorg", had been discontinued in 1938 and would not warranbt
special manufzcture for aircraft use because it was critical with reszard
to lubrication.23

But not all the Nateriel Division's efforts in searching for a drive

unit ended in rejection. 4&n initial cuery in February 1941 aroused the

20, Mansger, Navel lireraft Factory to General Inspeetor Maval Aircraft,
(B, in Arm, Lav. file, E,0, 554-1-123.

21. 1 (VF) to Graham ¥Nfg, Co., 17 Febe 1941, in Arm, Lab. file, 3,0,
553-1-343; YD (VT) to Briggs & Stratton, 12 March 1941, 13 March
19423 and Graham to YD (WF), 29 Karch 1941, in ibid,

22. MD (iF) to Durklyn Corp., 2 Uarch 1942, et seq., in ibid.

23+ UD (WF) to New Departure, 17 Feb. 1941, et seg., in ibid.
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interest of the Master Electric Coupsny of Daybton, Ohio, in turret drives,
and the company!s enpineers set to work designing a suitable installation,
By Hovember litble or no progress had been made in perfecting a drive.

The Materiel Division directed laster to cooperate with Irerson :m pro—
viding a substitute drive in time for the anticipated peak production

of the 5t. Louis plant, but the Laster design was so rudimentary and
development progress so slow that Emerson predicted that the Haster drive
could not be ready for months.z‘

The Llaster engineers were confident that their drive represented a
step in the right direction toward a solution of the difficult turret
power problem: "We are so firmmly of the belief that our drive has out-
standing advantages from a tactical standpoint that we propose to do all
the necessary work at our own expense ahd without imposing any obligstion
on the Government whatsoever."® Five months later this confidence was gone.
411 efforts to perfect the lLaster drive left the device with controls too
stiff under load and with unbalanced torgues on change of rotation. The
Master engineers confessed a lack of engineering ability, and noted that
the press of other war work had seriously hindered the process of develop—
ment, An amusing sidelight on its engineering ability sppeared in a
request from the firm for help from VWright Field to put together a turret

25
borrowed for experimental purposes,

2L, ¥D (WF) to Mester Electric, 17 Febe 1941; and Emerson to Master
Electric, 21 Uov, 1941, in ibid. See also smerson to MD (.F),
29 Nov. 1941, in Arm. Br, file, Confidential Correspondence, folder
3, 1941

25, lMaster Electric to 1D €uF), 19 Hov. 1941; dénd Maste¥ Electric to
MD (WF), 23 March 1942, in ATSC 473.5, General,
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. There were some, however, who had great faith in the laster drive

principle; and in June 1942, after the saster engineers had abandoned
the project, a new group, the American Alrcraft Lsscciates of Dayton,
Ohio, proposed to carry 0;1 the task of development. This new manufacturer
was "firmly convinced that the mechanical traction'type variable speed
. drive" offered "distinct advantages over existing drives," and, like the
original designers, expressed this confidence in writing to the Lateriel
Center: "Becsuse of 2 fervent belief that it would be & serious loss
to the Army Air Forces if this development were allowed to lie dormant,
we are willing to undertake the job of carrying on the development work
until a satisfactory conclusion is reached.," To this end the services
of Hans Heynau, the inventor of ihe principles igvolved in the Laster
. wariable-speed drive, were acqguired for Aircraft Associates.

Lpparently the Llateriel Center approved of the manufacturer's
enthusgiasm, for in August 1942 an futhority for Purchase authorized an
expenditure of 76,955 to perfect a drive to be interchangeable with the
Vickers unit of a IJperry upper turret. The nanufacturer set to work
evolving a suitable design, but nobt until December 1943 was a demonstra=
tion installation ready for test.26

Aireraft Lssociastes claimed many advantages for the improved laster

. drive, It was 15 pounds lighter than the Vickers installation; it was
not inflvenced by temperature changesj and, in contrast to the Vickers

vergion, it required only 22 amps current at neutral and 36 amps at full

26, American Aircraft Associates to LD (WF), 2 June 1942, in Arm. Lab,

. file, E.0. 553=-1-4T4; see also A for P No. 181644, 4 Aur. 1942,
~be el T
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. load in contrast to Vickers requirements of 37 and 48, respectively.

Furthermore, the differentisl drive was reported to hsve: a positive
neutrsl, that is, no creep; no dead spots on the controls; no eritical
adjustnents; and a speed spread approaching the ideal, with one~half
the control displacement giving one-third the total speed, The entire
. unit was so consiructed as to be easily interchangeable with the Vickers
installation in the field, and the manufacturer estimated a cost of
500 per undt, as ageinst Vickers! .:l,400.
Arnament lLaboratory tests found the drive acceptable, and the
manufacturer reported that it wowld be possible to produce up to 4,600
drive units per month after a four-month tooling period. But in January
1944, when the laborstory report was submitted, the Vickers unit bottle-
. neck had aiready been broken and the urgent requirement for a substitute
drive no longer rexwaiied., The Adreraft Assoclates' drive diled without
issue.27
Hevertheless, back in June 1942 the irmament Laboratory still had
dire need of & substitute for the hard-to-manufacture Vickers hydraulic
drive vhen the Txperimentzl Engineering Section dispatched the usual
guery to Graham Transmissions, Inc., &t lilwaukee, uis, 4ifter a design
conference with :right Field engineers, Graham presented tentative
drawings for a drive unit ito be delivered in 90 days at an estimated
cost of L17,000, This drive consisted of two separate transmissions
linked to a common Diehl electric—drive motor, to be installed in a Steel
Produets unper local dperry turrel in place of the twoe Vickers units

usuzlly employed,

27. Aircraft Associates to D (WF), 3 Jan. 1944, et sed.,in Arm. Lab,
.file, EoOo 553-1—-&7&-.
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. From its very inception the Grahanm drive was designed with an eye

toward future production. Simplicity of prineiple and ease of quantity
manufacture were cardinal points in the deeision to push 1ts development
as an alternate to existing drive systems. Essentially the Graham drive
consisted of two mechanical, variable-speed friction drives, one for
. azimuth, one for elevation., Infinite speed variations were cbtained by
means of bapered rollers in conbact with rotating external ring gears,
Tne gears operabed in an oil-filled housing, and hydraulic servo pro-
vided the force necessary to move the ring along the tapered rollers.

In March 1943 Graham had not yet produced a satisfactory drive
despite the 90-day promise, In April the manufacturer reported that
costs, excluding profit and the allowable 10 per cent overhead, had

. reached $22,000, and that the drive still required reworking before it
could be presented for testing at \iright Field.28
when at last an acceptable experimental model had been fabricated,
tests proved disheartening. The neutral no-load ourrent drain amounted
to 70 amps, twice the consumption of a Sperry turret with Vickers drives,
The hand controls linked to Craham drives required more than the usual
amount of effort for tracking and gave withal a coarse control., The
gear system was noisy, and after 30 minutes of operation heated to the
. smoking point.

A final Engineering Division report in February 1944 pointed oub
that the (raham drive was unsatisfactory in its existing state of develop-
ment; that the project was initiated during a critical shortage of Vickers

units; that that shortage no longer existed; and that, therefore, there

28, TES to Grehar, 10 June 1942, in Arm. Lab, file, E.O0. 553-1-343;
Graham to ¥D (WF), 22 June 1942, in Arm. lab, file, E,0, 553-1-47Z.
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was no need to carry the project further., However, the report fore-
sightedly conciuded that the "Graham power unit should be given more
extensive performance tests fo obtain information on this type of drive
for future reference.“29

. The Submarine Signal drive, the Bethlehem torgque converter, and
the Graham and the Master drives are but @ few representative cases
selected from a large number of projects initiated by the Materiel
Division in the search for drive substitutes. They are of interest
less for their specific technological merit than as significant case
studies pointing up the problems involved in organizing\the Armament,
Laboratory at Wright Field to handle efficiently the difficult problems

. of armament aevelopment.

29%. MNemo fipt., ing, Div., 17 Feb. 1944, in Arm. lab. file, E.O,
553~1-d 72,
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Chapter X
FOGER TUMRET DEVELORIEIT: SECCHD INDUSTRIAL PEASE, 1943-1942

Sperry Gyroscope Comnany

In December 1940 Sperry undertook production contracts for the
upper local and lower remote turrets which had been evolved in the
previous 12 months, It was apparent from the very beginning that
Sperry fucilities would never provide the capaeity necessary to fulfill
the recuirements witicipated by the Xaberiel Division, and the Produe-
tion Dngineering Section (Fi3) urged Sperry to line up sultable sub-
contractors. After a number of weexs in which various subcontractors
were considered and found wanting in sowre respect, PlLo forced the
issue and selected Emerson to build turrets in conjunciion with Sperryts
two cholces, Bripgs and Steel Products facineering.

The vital importance of gebting Sperry desizns into production was
forcefully illusbrated when the chief of I3 said he was "going to get
Sperxy products if we have to go out and meke prime contracts ourselves
to a thousand different subcontractors." However complimentary this
mey have been to the cuality of Sperry designs, it gave cold confort
to a manufacturer who saw more than five years of experimental effort
going out to future compebtitors. Hevertheless, the urgency of aircraft
zrmament requirements precipitated the decision to let subcontractors

1
handle turret production, while Sperry retained the auto-pilot project.

1. Phone transcript, Lb. Col. K. B. Wolfe, PEs and Lt. Col. Grandison
Gardner, QCAC, 25 Sep. 19L1, in ATSC 473.5, General,

194
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Despite the iatention to subceatract burrebs, nob all of the business
left Sperry's bands. In February 194) Steel Products had finished six
upper loeal and six lower remotes, but neither type of turret was entirely
2 Steel Products project. The compubing sight unit built and assembled
by Sperry went directly to the Boeing plant for installation in completed
B-17 airplanes. The Sperry plant also built the fire cut-out or inter-
rupher wnit which was shipped to Springfield for assembly in the Steel
Products turret. Furthermore, the power drive system, consisting of a
pair of Vickers units, was msnufactured in Debroit and sent vo Steel
Froducts for final assembly. The composite turret assembly was then
shipped to Boeing where a Sperry representative performed the final
critlcal adjustments after installation,

The upper local turret cost 77,185 per unit, the lower remote,
11,275, as contrasted with an estimated 47,185 for the lower ball when
it eventually should come into production.2 The compubing sight in the
vpper turret accounted for 2,250 of the cost, and the controls, £1,335,
The controls for the lower remote represented 1,855, but the more
conplicated sighting station and computer came to 5&,569.3

The original Sperry upper local experimental project, a turret of
welded steel tubing framework construction with fabric belt feed and
ampunition containers below the revolving platform,. gave way to a produc-
tion version of cast metal framework, ammunition boxes directly below

twin ,50's without boosters, and disintegrating link rather than fabric

2. Spel‘ry tO HD (Y'IIF), 25 Feb. 191{-\13 in Amo Labo :file’ Eto’ 55&"“1“'11%1.
3. Sperry to LD (WF}, 6 May 1941, in PES Arm. Unit file, Turrets,
Sperry, Ceneral to 1941,
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anmunition belts, By March 1941 the upper local had been tested suffi~
ciently st Aright Field to release quentity productione

The Sperry hand controls in tae production version were modeled
after the Frazer-Nash system.h The engineers at Steel Products, however,
devoted a considerable period of time in perfecting the controls to
British standardg. Like all other manufacturers, Steel Products negiected
to desirm hand conbtrols with a Wknife edge neutral" until the Chief of the
Armapent Leboratory pointed out that a smooth transition from left or
right deflection past neutral while tracking was more important than
absolute neutral, or no creep. '

The initial Steel Preducts production models revealed the usual
assortment of turret problems: faulby link ejection chutes, malfunction~
ing case ejection at high angles of ¢levation, fouling charging cables
at high angles of elevation, and excessive zmmunition drag causing poor
feeding;6 A1l of these problems, and many others like them, inevitably
accenpanied a new design. As engineering probless, they are incidentals
but they are important in illustrating the complexity of the liaison
problems involved in coordinating the 3perry industrial combination with
service reduirements.

The Steel Prooucts turret contract did not incorporate all the best
Sperry design features as initially conceived, because the Production

Tngineering Section considered it expedieat to facilitate quentity

Le Tak, 3535 &) to Arm. Sec, (¥ash.), 23 Dec. 1940, in lrm. Lab. file,
204 553=1-350.

5. Phone transcript, He Eostwick, Sperry and Maj. F. T, wolfe, Arm.
I..a.bo, L:aff l?l:.l, in Arm. Lob, file, I;QOC 55&'1"11}1.

6. Memo dpt., FoS, 2 June 1941, in ibid.
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production by permitting certain performance deficiencies. As a cone
secmence of this tolerance, the liateriel Division specifically instructed
Stesl Products to "pursue a policy of change with unabated production.!
Tre mamfacturer was to investigate desipgn improvements which could be
evaluated by the Luteriel Division., Improvemenits accepted by the
division would be sbtandardized and coordingted for all interested
facilibies.7

The previcusly mentioned turret dome case illustrates this process.
In line with the Lateriel Division's policy of design improvement, Steel
Products eapineers perfected a paneled plexiglag dome with cast aluminum
ribs. To secure zpproval, the design had to be routed from the sub-
contractor, Steel Products, to the prime contractor, Sperry, and Lhence
to the ishteriel Division for approval before being cireulated to the
other manufacturers of Sperry turrebs, Superficially the route seeaned
overly involved; but insisbance upon channels insured a higher degree
of standardization and interchangesbility, which was later to pay
substantial dividends,

If the coordination of subcontractors cast a burden of unusual
responsibility upon the Lateriel Division, the mere fact that subcontracts
frecuently were filled by facilities ubtterly lacking in aircraft manufactur-
ing experience creazted a new and serious problem. The case of the Steel
Products dome or canopy illustrates this problem, The original Steel
Products doce design submitted to the Materiel Division srecified sousre-

edge panel ribs., In passing approval on the drawings, division engineers

7. Chief, PES to Steel Froducts, 13 Nov. 1941, in Arm, Lab, file,
Yachine Gun Mounts 1941.

#t
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. pointed out that the design would be substartially iwproved if the rib
edges were rounded to avoid unnecessary turbulence and drag..8 The point
is comparatively minor, but it represents the difficulties facing the
liateriel Division in every sten ol the production expaunsion program.
kot only was it nec;ssary to coordinate the work of numerous competitive

. industries guite unaccustomed to pulling together; but the division
found itself involved in the difficult task of familiarizing industrial
engineers with the fundamental elements of aireraft design and construce
tion requirements, even while embarking on an ever accelerating production
program,

In view of the extensive difficulties encountered in organizational
eontrol, coordinstion, and contractual relations with subcontractors, it
. is perhaps surprising that production figures achieved the levels they

did, In December 1941, approximately a year after the 3perry contract

was approved, Steel Products had delivered 91 lower remote and 111 upper

local turrets.9

The evolution of the Sperry upper local turret from December 194l
onward becape comparatively little more than s process of detailed
engineering improvement, For all practical purposes, cuantity production
accelerated rapidly and design changes confined themselves to such
modifications as could be accomplished without serious disruption to
delivery.

The primary Sperry consideration, so far as upper local turrets

were concerned, centered in the inescapable problem of coordination. In

o 8., Hemo Bpte, IS, 19 April 1941, in Arm. Leb, file, E.0, 554-1-14L.
9. sSteel Products to MU {\F), 12 Dec, 1941, in Arm, Lab, file, kachine

Gun lounts 1941.
ity T T
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. the middle of 1942, Sperry protested that Steel Products modifications

and "improvezents! were seriously compromising the efficiency of the
dperry couwputing sight. To prevent such misdirected efforts, Sperry
proposed t0 place an engineer permzaently in the Steel Products plent
to insure & high degree of lialson belween the separate manufacturing

10 Apparently the lateriel Uivision's insistence on

. organisations,
routing all chunges through thu prime coatractor only proved that a
system of coordination by ieail eould never effectuslly replace over-
the-comter negotistion and liaison.

A cursory glance at some of the design problens encountered in per-
fecting the Sperry uppur local turret will suffice to illustrate the
inbtricacies of coordinstion fzeing all turret manufacturers. Combat
. gunners protested against the scamnning linibations iuposed by the heavy

ribs in the Uteel Products dome. Steel Products devised a single-panel,
curved-plexiplas, forward-sighting section, but it was then that sperry
claimed the nodifiecation was detrimental to the accuracy of the computing
sight. wperry eangineers roported thet the curved sivatiang punel resulted
in refraction errors “unduly large and undesirable prinarily because the
edvantage of uslng & counpating sirht is aluost completely nuilified,n
To overcowme this weazkness and sabisfy both parties, the plexiglas nani~-
. facturers, Lohm & Haus, undertook to desien a punel of vurying thicknesces

to reduce refraction errors to insi-nificunt quan'bitieu.ll

10, cChief’, Fos to Steel Frodunts, 22 sug. 1942, in srm, Lub, file,
Be04 552=-1-396, JSee also Chief, F&Ei to Iripgs, 10 ilov, 19kl, in
arm. Lob. file, Lachine Gun Jounts 19413 add Chief, F&S5 to -riggs,
‘ 22 Lug. 1942, in srm,. Lob. file, 15,0, 553~1-373.
11. lemo Kpt., E55, 6 Lpril 1942, in isrm, Lab, file, D.0. 55h-1-141,
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. Another less vexing but egually significant problem concerned

booster systems. Jhen Sperry abandoned the fabric belt feed, no servo-
mechanism was installed to replace it. Then the excessive gravitational
loads of corbat accelerations made recoil feed insufficient, a number of
innovations, including feed chubte rollers and "constant level’ arsunition
. boxes, were utijized to avoid recourse to the conventional sprocket
system employed in Vartin designs.lz Cnly by trial and error was it
prossible to zttain a eontinual and positive evolution in designa
Among the more interesting design problens werse those surrounding
the evolution of the Sperry fire cubt-out or gun interrupter device, an
iangenious profile cam which rotated in constant orientation with turret
moverent to provide poaitive firing circuit interruption whenever the
. guns threatened to fire into an area essential to flight, Unfortunately
the Sperry engineers who designed the device had never suffered zerial
attack from enemy purswits, and both guns cut out simulitaneously, thus
depriving the turret of a large element of fire power in the marginal
area st either extremity of a restricted zone,

No gooner had the operational units begun to recuest individual gun
interruption than another problem appeared. Successive models of B-17
airplanes had slichtly different characteristics in structure and in
attitudes of flight. Each turret installed recuired a profile cam
especially suited to the particular model of aircraft involved. Only
by the most careful coordination between Sperry, Boeing, the Materiel
Division, and the 3Sperry subcontractors was it possible to avoid disastrous

13

wistakes with improperly designed f{ire cub-oui cams,

12, Lemo Rpt., EB3, 4 Jume 1942, in Arm. lab. file, F.0, 553-1=396,
13. Chief, PL3 to Boeing, 21 lMarch 1942, in Lru. Lab. file, &.0.
554~1-L4Le SR E R TRUTE
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Perhaps the most intricate technical problem pertaining to fire
cut-out mechanisms grew oul of reported failures enpearing when the
turret was slewed into a restricted zone at high speed, The period
elapsing betweesn the time when the interrupter cam opened the circuit
and the time when tne last-fired projectile actually left the gun was
. of sufficient magnitude to nmullify the protective feature of the cut-

out., To overcome this desizn wealmess, Sperry engineers set oul bo
construct a differential which would advance tliie interrupter cam in
proportion with inereasing turret speeds to provide an adecuate margin
of protection against gunfire damage in vital areas resulting from
firing while slewing.m
Individual interruption, dome refraction, and ammunition booster
. difficulties are but a representative cross section of the many eagineer-
ing problems confronting the designers who sought to improve the Sperry
upper local turret. They are not selected as of greater importance than
2 number of other problems not mentioned, but rather as specific illustra-
tions of the trend in turret modification once the basic design had been
developed. The fate of the Sperry lower remote turret, however, was
guite different.,
From its very incepbion the Sperry lower remote turret met with
. handicaps., Operationelly it suifered from the usnal drawbacks of remote
turrets: restrictbed cone of vision; difficulties encountered by the
stationary gunner in keeoing himself ovriented with his guns; and the

inevitable obscuring of the scanning head by exhaust spray which tended

. 4. Chief, ZES to Steel Produchts, 5 Dec. 1942, in Arm. lab, file,
Ze04 5531396,

R R TR T
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1 .
to render the lower sight "almost umeless.” 2 The distance from Sperry
drawing boards to aerial combat was so great that the lower remote turret
remained an uncertain quantity even in its final testing stages. Heports
from the Yateriel Division in lovember 1941 left the issue in doubb:

Preliminary inforration indicates that while 1t is difficult to

pick up 3 target initially, as soon as it is picked up, it can

be held easily in the sight and hits can be scored., after firing

2000 rounds at a target on the ground, the outfit at Zalt Lake

says that the turret is no good, It is the belief of the Arma-

ment Section that after thorough training in firing at air

targets this turret will be far hetter than present rumors

indicate and no one is justified at the present time in saying

that it is useless.

If the lower remote had drawbacks of a taciical or operational
neture, to a greater extent it suffered from mechanical norplexity.
Besentially the remote turret consisted of an autosyn 115-voli A0 control
operating from an inverter, Control handle displacement transmitied
signals through an autosyn system to a remote amplifier. The amplifier
produced iicpulses of sufficient magnitude to turn an inertis motor which
was linked to the hooster tilting a conventional Vickers unit. The
autosyn position control cireuit was extremely delicate and involved
such critics) adjustment that it required the services of a highly trained
enpineer to keep it in operation. Indeed, the turrets had become 80 com-
plex by the fall of 1941 that the manufacturer organized a training course
to instruct maintenznce men in the intricecies of Jperry apparatus. /hat

had formnlly been an exhre resgonsioility for armorers now became the

work of a trained specialist.l7

15. ICl, Cnief, Do to Chief, PL3, 29 lay 1941, in .Lro. Lab, file,
:noa 55&“1"111-10

16, Twi, Asst. Chief, 1D (uF), to Chief, 1D (washe), 10 MNov. 1941, in
AnG K73.5, Lowats,

17. Sperry to 1o (o), 29 Oct. 1941, in frm. Lab. file, E.C. 554-1-141.
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The not entirely successful debut of the lower remote turret induced

Sperry to speed development of the locally controlled lower ball turret,
Tarly in June 1941 it was apeoarent that the time had come to choose
between the lower remo%e and the lower ball. Sperry was uawilling to
sink more capital in improvements on the remote if the Lateriel Division
intended to put the ball into production. The division was loath to
decide on the ball until cost estimates were available, Sperry's sube
contractor for the bail, Briges, did not wish to undertake development
of the ball without assurance of a cusntity contract sufficient to cover
possible mammfacturing lossea, Since the ball turret was a novel design

entirely undeveloped, Sperry could not offer estimates to the Laterlel

Division until a cost analysis had been run on the prototype at Briggs.l8

By the first of hpril 1941 the ball turret was in the final stages
of assembly., A shortage of aluminum castings delayed the project some-
what , but preseure from Wright Field grew increasingly insistent, for
the question of lower sphere armament Tor bombardment was daily becoming
more urgent, Xarly in May the first ball turret was ready for tests at
jright Field,'?

The unusual desipgn of the new turret, requiring a punner to ride in
an "embryonic® position, made it most essential to test the ball for
accopmodation, The chief of the armament Branch directed Briggs to run

a series of endurance tests ot the fectory to determine if it would be

—

possible to occupy the ball for long missions, Time tests of men "slightly

1€+ Phone transcript, H. Bostwick, Sperry and Maj. F. C. VWolfe, Lrm.
Lab., 2 June 19413 in Arm, Lab. File, E,0. 553=1=373.

19. Chief, EZS, to Briggs, 1 April 1941; and note by i, E, Goll, Arm,
Lab., 5 MNay 1941, in jibid,.
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smaller than average® indicated "little or no loss of efficiency” based
on the evidence of scores compiled with photoeleetric light guna fired
periodically throughout the trial run.20
Cespite the concern that was felt for gunners' comfort, the Materiel
Division approved the Briggs contract for 250 ball turrets, leaving until
a later date the decision on large-scale production guentities, The
Froduction Engineering Section chief favored delaying the contract until
air firing tests could be run to determine whether or not the ball would
be acceptable. The assistant chief of the Materiel Uivision was of &
like mind; but in Lashington, Yateriel Division officers were forced to
approve a limited production on the ball, because any delay in ball
production would reguire a conbtinuatlon of the lower remote contract
to avoid a failure in meeting aircraft deliveries with adequate armament
output. Since Bripgs refused to consider any fewer than 250 balls, the
Yateriel Division was forced to approve the ball comtract to avoid losing
Briggs as a Sperry subcontractor, even thouch Sperry could not furnish
the division with cost breskdowns until Briggs production began.
Fortunately air firing tests vindicated the decision to begin pro-
duction before final approval. Surprisingly enough, the ball was reported
to "compare most favorably in control with any turret which has been
demonstrated in this country.*® The report compiled from the information
acguired while testing the ball in flight concluded that the new turret

was "unusually correch in conception and design for a first experimental

20, T.f, 4rme Bre (.ash.) to £E3 (.F), 2 dune 1941; and lemo Ept.,
o83, 17 June 1941, in ibid,

21. Fhone transcripts, Col. Grandison Cardner, CCAC and Laj. Jack
lurthz, Lri. Lab., 21 June 19413 and Cardner and iaj. s U
Burnside, FLS, 14 June 1941, in ibid.

Iy -|.‘ -
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. article.,” Trial tow-target tests produced favorable scores; and the
flaws that were immedistely apparent, such as link ejectlion jamming in
the slipstream, clouding of the siyhting paael, and limitations on side
scanning, were common to all lower turrets,
Sperry offered to build the first 250 balls "by hand" at 3riggs
. for 20,300 each. Luter, when production tooling wes installed, it was
estimated that a produetion contract for 2,050 units wonld supply turrebs
at ;14,099 each. The initial cost breakdown placed the turret at /14,300,
with ‘3,700 for the sipght, 1,400 for the Vickers power drives, and [900
for the hand ccn'ﬁ:,rol.?'3 The first 250 turrets promised to be slow work,
but there seemed no escape.
Briggs desimm studies indicated an estimated 1,100 hours of machine
. work in mmmafacturing the ball. OfF this, subconbractors accounted for
9, per cent, Briggs performing the remaining 6 ver cent. The high degree
of accuracy reoulred in cutting the wmain ring gear for the ball induvced
Eriggs to search far afield for a suitable subcontractor, even to the
extent of sounding out Anderson;-\ﬁichols Lssociates, the precision machin-
ing specialists. However, there were only three machines in the country,
one at Ford and two at Chrysler, large enough to cut the ring gear on a
production basis, Using existing eguipment Briggs estimated the ring
. gear as a 100-hour job.ﬂ" By all indications, the ball turret, however
ingenious as a solution to the lower sphere fire power problem, promised

to present tremendous production difficulties.

22, MXemo fpt., ELS, 30 June 1941, in ibid.
23. ZSperry to LD (WF), 28 July 1941, in FIJ, Arm., Unit file, Tarrets,
. Briggs Ball, to lay 1942.
2h. Phone trenscript, W, P. Brown (Bripgs)and laj. . D. Burnside, P&S,
1 Auge 1941, in ATSC 473.5, <perry 1941, See also Anderson Nichols
to ¥u (WF), 29 Sen, 1941, in AISC 473.5, General.

S Tl
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A Preduction Engineering Section represenbative went to Detroit
to find suitzble subcontractors for turret components, but a search
from "Boston to Iowa' netbed scant result. Meanwhile the ball turret
requirement grew more urgent. To meet the demands of aircraft expected
off the line in September 1941, the Chief of PLS gave the ball a M"No,
1=s8A priority" and summed up the ball situation most graphically by
seying, “It's hot because we're short." Intrinsically the bell did not
represent an overwhelmingly diffienlt manufacturing project, but a two-
month deadline was hard to meet,>

vhen the CF.! eurtailed Briggs auto body production, Bripggs threatened
to pull out of the turret business entirely. This threat played into the
hands of FES, for it gave the section an argument against Sperry as a
prime contractor and made it possible to force a policy of direct negobis-
ticn with the Materiel Division's new turret source, Zmerson, rather
than indirect negotiation through Sperry., Sperry apparently had mis-
glvings about Imerson, possibly with an eye to future competition and
possibly fearing the salesmanship of Symington, the president; but when
1t became evident that Sperry could not guarantee ball turret production
unless 3riggs secured a facility expsnsion through the Defense Flant
Corporation (DPC), Sperry agreed to turn over all turret manufacturing

rights to the lateriel Division.2

25. Phone transeript, E. A, Burdg, P25 and L. Col. X, B, Wolfe, PES,
20 Aug, 1941, in ATSC 473.5, General,

26. Phone transeripts, Col, Crandison Gardaer, OCAG and Col., K. B.
Lolfe, PZS, 25 ing. 194L: w0lfe and Naj. M. D, Burnside, 28 Aug,
1941, both in Arm, Lab, file, E,0, 553-1-373. See also Press
Kelease on Briggs DPC expansion, 2o 3ep, 1941, in AAG 47345,
¥ounts,
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Ls soon as detailed manufacturing drawings of the ball resched
4right Field fror Lrisgs, they were seat to Emerson. Four months later,
in Jaguary 1942, the first Emerson ball was finished, despite the charge
that Briges was curbing production by withholding vital design informa-
tion.27

Jith the entry of the Emerson facility into the Sperry complex, the
alread; complicated production network became extremely involved. Of-
ficiaslly Zmerson wes directly responsible as a prize contractor to the
Liateriel Uivision, but in terms of production, the Sperry organization
sbill dominated. Although Lmerson plaaned to manufacture most component
assewblies ultimately, the first turrets fabricated depended largely
upon existing sources. Ihe Eriggs ball utilized sights, fire cub-oub,

and hand conbrol units built by Sperry end drive units by Vickers. This

same system prevailed in the case of bhe Steel Products upper, Since
Emerson planned to build both ball and upger turrets, the Production
Tngineering Cection chlef expected that Sperry would carry out some
similar subeontract arrangetent with Ererson, The situstion was still
further complicabed by the fact that aperf% subccatracted some of the
"iperry-furnished ecuiprent” +o the Uelaval Jerarator Company.28

when Euerson, as a Materiel Division prime conbractor vather than

a Sperry subcontractor, failed Ln coordinste with Sperry razarding

anticipated production schedules, delsys in subassenbly deliveries

27. Chief, Fio to Zmerson, 29 .ep. 1941; aad Everson to LD (.F),
9 Jm. 191.}2, in Lym, Labo flle’ :!.O! 553-1-373.

2%, IC., Chief, Fiu to Chiel, GFD Ur., T'L3, 28 Hov. 1941, in aTha
L1345, Sperry 1941,

F%%"ig\’_ﬁr " h|‘1 Ji; ] irk

THIS PAGE Declassified IAW EO12958




This Page Declassified IAW EO12958

|
ABTHO-54 oqu,_:} T — 208

. retarded Emersonts oubpub. As previously mentioned, a Tickers unit
shortage threatened to wreck the entire turret program., fctuslily the
shortase was never as zcute as it appeared on the surface. [part from
artificial bottlenecks arising out of idle ianventories, the Vickers
compuny itself brought about some of the misaporehension in being wnwille

. ing to prouise a wigheproduction figure while negotiating for a DPC plant,
Tne ertificiully depressed estiumte of Vickers unit production was
immediately apparent, when DFG approved the Vickers expansion plan and

Vickers suddenly promiszed more units per monbh fron existing facilities.29

The problems inecidental to coordinating the production plans of the
Sperry complex and planning to meet regquirexents in the face of manufacturers!
efforts to "wangle" DFC plants coatinued for several years, but by the

. early wmonths of 1942 the bell turrel had reached design maturity and sub-
sequent changes were on the order of modifications.

Like the upper local, the ball turret went through a period of
months of modification during which "bugs" that appeared with further
testing were elivdnated. Boeing engineers nobed that the sightiagz window
became fouled on take-off, and the Armament Laboratory engineers suggested
designing a wiper. Complaints that the bturret lacked interphone volume
control, an external power switch, and "deadman" switches raised a

. variety of problems. Two of the most vexing problems, jerky range pedal
operation and fouling of the ammunition belts in the cans when half empty,

were to trouble the ball turret for two or three years.j 0 But only one

modification reached major proportions.

. 29, Fhone transcript, Frank Conace, Sperry and Maj. !, D. Burnside, FE3,
3 Uecs 1941, in ATED 473.5, General.
30, Lemo Epb., ES5, 4 Larch 1942; memo, 2aj. H. A. Derliner to i'aj. Gen.
V. 3, Fairehild, CCAC, 18 Lpril 19423 and Memo hpt., EE3, 20 Sep.
1942, in Ari. Lab, file, E.C, 553~1-373.
o .

¥ .
s 3,1 MU vy e

THIS PAGE Declassified IAW EO12958



This Page Declassified IAW EO12958
-~

ALFHS-5k PR - 209

. The excessive drap resulting from the ball protuberance inevitably
suggested a rebraction mechanism of some sord, and after experimenting
with an elecbric drive version, the Armament Laboratory finelly approved

2 hydrauwlic system with comparatively positive a.ction.31

While the ball turret was in process of medification the several

. mammfacburers of the Sperry group were experimenting with new projects
which were to surpass the existing production items. Sperry engineers
were busy developing z computing sunsight with & gyroscopic prediction
element, and central-station fire control eguimuent projects were well
along toward the production prototype phavu.%xe.32

The Armement Laboratory authorized Steel Products to undertake an
experimental project pressurizing an upper local turret, Briggs congidered

. a similar project for the ball.3 3 In Jannary 1943 a conference of turret
nanufacturers at .right Field decided to redesign the ball turret entirely
to include such features as external ammunition containers, hot air heating,
quickly detachable guns, larger scanning windows, wider control range,
lever action pun charging, and increased armor plate, all in & magnesium
casting ball. Furthermore, the Armament Laboratory initiated projects on
four~-gun ball turrets. A full year later neither of these projects had
progressed very fer, since the lack of any well defined tactical require-

. ment tended to push these experinental projects to one s:i.d.e.Bhr These

turrets, It would seem, were for the more distant future,

31, & for F 182172 (Briggs), 19 Dee. 19423 and bemo fipte, Arm. Lab.
5 June 1943, in Arm. lab. file, .0, 553-1-519.
32. Leno 3pb., EE3, 22 Nov. 1941, in Lri. Lab, file, F.O. 55L-1~=129,
33. A for P 175537, 25 Sep. 1941, in irm, Lab, file, E.0, 553-1-~396,
. Gee alsn Chief, HES to sSriggs. 23 July 1942; and Memo Bph,, Arm. Lab.,
22 yee. 1942, in Lrm. lab, file, E.0, 553-1-ih6,
34, Liemo opb., Arm. Leb., & Jan, 1943, in frw. Llab. file, E,0, 553-1-373.
See also osripgs to PEZ3, 16 April 1943; and Xeso £pt., Arm. Lab.,
6 Jane 1944, in Lrm. Lab, file, 5,0, 553-1-515.
-';‘r Py e 4£ Hiew
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General Zlectric Company

Ferallel to the erowth of Sperry equipment was that of a number of
other turret manufacturers who vied for the production market. Among
these concerns, General Electric was one of the most important. The
most active (.3, project in the early months of 1941 was the A-20 fire
control systea, an arrapgement of upper and lower Lwin-.50 turrets with
periscopic sighting heads. In February, tests ab Lberdeen Proving Ground
reported the G.E. installation as “satisfactory," and a moath lzter the
Coutract Section st lright Iield informed Douglas bhat the unit had been
gufficiently perfected to install in the 4i-P0 ai.rplane.35

4s 4£~20 production ran ahezd of turret devalopment at G.Z., Douglas
planned to send an A-20 to the G.EZ. plant, where turrets could be in-
stalled on zn empiriecal cut-and-try basiz without drammlgs.% Fiight
tests in Septerber 1941 derenstrated that the C.IZ. upper turret was
"very relisble." A renport from the iir Corms Proving Ground was emphatic
in its opinion: PYAll pilots and punners are enthusiastically pleased with
the operabion of the General Electric turret in the A-20A airplane,"

There were, of course, a nuriber of shortcomings to the G.E. turret:
the scanning area was too lindted; gunners found it difficult to keep
oriented with the guns without a revolving seat or terget locator; and
the sight showed an unfortunste tendency to excessive vibration, coupled

with a gquality of reflecting an operationel movement in the control lever

35. COrdonance Program Epb. 5082, Lberdeen Proving Ground, 26 Feb, 1941,
in AAG 473.5, iounts, See also Chief, Contrach Sec., «F to Douglas,
20 Yarch 1941, in Lrm. Lab, file, c.0. 554=1-130.

34, Douglaes to Lo (.F), 31 Yarch 1941, in ,jrm. Lab. file, Z.0. 554~1=-1h2.
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during pull-outs, HNone of these functional problems was of particular
moment , however, compared with the fact that the lower turret of the f=2D
was not ready to be shirped to liright Field for tests until January 1942.37
The £i-20 projeet became, perforce, the A-26 project, because the initial
pericd of developrent consumed such a disproportionately long time.

In addition to the A=20 amament project, G.Z, signed a contract in
June 1941 to construct fire control systems for the ¥A-26, the XP-58, and
the XP-6l, similar to that used with the initial 2~20 double turret
arrangement or to the one invelving a single four-gun upper turret of the

Lype eventually perfected for the production P—61.38

It is apparent that
the G.E. production pattern had become extremely complex, largely zs
result of two factors: the G.Z. systems were designed primarily for air-
planes not yet in production; and the very fact that the installations
represented complete systems rather than individual turrets made G,E.
production plans contingent upon airplane production,

Throughout the summer of 1941 a great deal of uncertzinty existed
regarding the fate of the XE-28 and XB-33 airplene projects, and G.E.,
already laden with prospective production for as yet undeveloped airplanes,
was hesitant about accepting commitiments which did not guarantee extensive

39

ultimate productions In June G.E, reported a turret capacity of 330

turret units per month and appeared unwilling to expand any further, since

37, ICGE, Chief, ZE3 to Chief, Conbract Sec., 2 Jan, 1942, in ibid. See
also Kemo Ept., B33, 15 Ceb. 1941, and memo, Capte Jo O, Guthrie,
Lrme Sec. AC Proving Ground to Alr Corps Board, 30 Sep., 1941, in &rm,
Lab. file, E,0, %53-1-362,

32, Contract U535 ac-191£0, 28 June 1941, in LTSC Contract files.

39. Fhone transeript, Lt. Col, Grandison Cardner, OCAC and Laj, F. C.
Wolfe, Arm, Lab., 10 July 1941, in Arm. lab, file, E.C, 554-1-130.
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. all G.E. fire control projects hed been more or less limited to experiw
mental contracts, By August, however, the promise of production contracts
seened immessurably grester; and ,E, studied a plan to utilize Fmerson
floor apace to exrand G.E. owhput,
Ey December 1941 Fmerson was negotiating with G,Z. to secure manu-
. facturing rights for the amplidyne drive on & license and royaliy basis,
and the Yateriel Division was fostering G,E, in a $12,000,000 machine-tool
financing plan.l‘o The following chart shows the lindited extent of G.H.

nroduction in January 19423

Units on Additional Delivered
Contract fiequired te yate
P~61 Systew 215 360 0
A=26 System 503 0 0
B-22 System 2 600 0
() B33 System 402 0 0

These figures indicate the narrow range of G.E. production up through
Januery 1942, especially in view of the fact that neither the B-28 nor
B-33 were past the experimental stapge; but in Mey a contract for more
than 298,000,000 was negotiated with G.E. for 3,924 units covering the
four production airplanes mentioned above.hl The development of these
systems conbinued actively over the next several years, but that contract
marked the maturing of G.E. turret desipgn,

. If Sperry spent the larper part of 1941 and 1942 in organizing pro-

duction, G.Z. did not even reach the production ghase until the middle of

¥0, T.%, Tech, Zxec. (IF) to Tech., 3xec. (iash), 19 June 1941, in irm,
lLab. file, 0.0, 55L-1=-142. OSee also ..emo Hpb., EES, 14 lug. 1941,
in Arn. Lab. file, D.0, 554-1-159; Chief, Contract Sec. 10 G.E.,
20 Oct. 19413 and fmerson 1o G.7., 11 Dec. 1941, in frm. Lab. file,
'. Vachine Gon lounts 1941,
41, Contraet 535 ae 27375, 4 Kay 1952, in LTSC Contract file and in
Lram. lebo, file, L.0. 554-1-130,

sl A
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1942, larrely because of delays in the eppearance of »nticipated air-
craft models., Seme of the other turret manufacturers were not so long
in entering into wroduction, or at least the developmental stage over-

lapped initic) preduetion aetivities,

Glean L. Uertin Company

{ne of the nost successful turrets of the war from the standpoind
of desizn as well &- that of production was the lartin amplidyne drive
turret oririnally concelved for the 325, It is vperhaps surprising that
this burret turned onb us well as it did. OCesigned as 2 specialized
viecce of eguirment to it tne specific needs of the B-26, the lartin
turret proved resmsrkably adaptable for use in several airplanes, includ-
ing the E-24, B-3L4, iA1-18, and others. .

The success of the lartin turret as a desipgn undoubtedly stemmed
primarily from the essential soundness of amplidyne as a drive; bub
bevond that, the llartin industrial organization seews to have heen extremely
successful. The Martin eagineering staff appears o have anelyzed the
basic regquirenents for a functional turret Irom Lne very begiming, since
the original production model rewnined the basis for future production
desigms almost unchenged in major considerations. Gun mounts, ammunition
boosters, armor plate, and control system were so soundly designed in the
rrototype that subsesuent iwproverents were matiers of detail rather than
fundanentsl changes., Imergency manual operstion, quickly detachable
armunition cans, profile cam fire cut-out and structural interrupter, and
even the addition of a computiang sight, all lieft the original turret con-

cept uninpsaired,
R (TR = A
ST T, ;
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. In terms of production, the Lartin turret success probably reflected
two fundamentally i-portant organigational policles. In tihe first place,
unlike some of the other turret manufacturers, notably Lendix, lartin
lined un a group of subcontractors aund controlled then with sulfieient
firmegs to pget production results withovt any coasiderable ald from the

. Hateriel Divigion. 'here other manufacturers felt coastirained to have
recourse to PL3 or the CF. to compel subcontractor compliance, Nartin was
ghle to get regulis without reliance upon cutside whips.

The second organizational factor in Martin's production success was,
whether consciously or unconsciously, based on the best recommended
British practice., Mariin was the first turret manufacturer to go inte
production to meet the immediate neced, with a turret which was basically

. sound though admibbtedly lacking in refinements, Then, without seriously
impairing the flow of production, the manufacturer insert;ad nodificatlens
and improvements which had been perfected on the side while production
continued unab:a.ted.hz

In June 1941 PE3 negotiated with Martin on the possibility of pro-
ducing upper turrcts for the 2-24. The menufacturer reported that Martin
facilities had "plenty of capacity," and the company was "perfectly
willing and glad to build the upper "{'AJ.::‘J:'e':bs.“l&3

. In lovember the outloock was nob so promising. As E-24 production

expectations turned sharply upward, Martin cepacity seemed dwarfed, Fifteen

42. For British opinion, see "Information on Frazer-Nash and Boulton-
Paul Alrcraft lachine Gun Turrets," by U,.S. Haval Attaché, England,
Fpt. 1569, 29 Nov, 1940, in %F Lib,, D72.11/102,

. 43. Phone transcript, Henry Eshery G.E. and laj. ., D, Burnside, PZ3,
25 June 1941, in Arw. Lsb, file, Secret Correspondence, folder 2,
1941,

K
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nanufaeturers, already pressed with war work, declined to subcontract

for Larting and Emerson was not expected Lo come into production with
Yartin turrets until the spring of 1942, 4% By the end of Decenber 1941,
however, lartin expected to deliver 2,000 or 3,500 turrets in the follow-
ing year, depending upon the number of specification changes which might

45

slow down production. The trend toward reduction in B-26 production,
the lag in B~24 production, and the unexpected growth of Imerson capacity
saved the lartin turret from becoming a critical shortages and production
kept pace with desipn improvement and aircraft reuirements.

. Cne of the most striking exemples of the Martin policy of concurrent
production and improvement ls the case of the fire cub-out mechanism.
Yartin ensineers visualized a profile cam cub-oubt early in the initial
design confevences, but such a deviee reguired time to perfect; hence
the first production model turret came out with a simnle arrangement of
block cams actuating micro switches in the firing circuit., To be sure,
this cat-out protected only the vertical stabilizer. The horizontal
stabilizer, the wing tips when flexing under load, and the propeller arcs
all fell within the turret's fire. lMoreover, the guns, when roitated in
the zero azimubth area, forward along the center line, struck their muzzles
against the fuselage at rinimun elevation.

The profile cam interrupter did not reaech nright Field until aApril

19L2, when it was tested before production. The interim measure proved

hhe Thone transcript, L. C. Lilburn, Zellanca aircraf and Lt. Col.
0. R« Cook, P13, 26 Mov. 1941, i~ ATSC 473.5, Ceneral,

45. Phone transeript, J. Hartson, Martin and Col, . B. ‘lelfe, PES,
23 Pee, 1941, in lrm. Lab, file, t'achine Gun lLounts 1941,

sz s AT R
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. worth while, quite obvicusly, since nearly a jyear and a half passed

between the tine when the first production model appeared and the date
of the first turrcet ecuipped with & profile fire cut—out and structual
interruoter which not only protected all vital parts from gunfire but
prevented the gun muziles from striking the fuselase when slewed low
. alonns the zero ozimuth area.bé
Unlike sperry, the lartin profile cam wanufacturer, J, P. Frieze
= Zons at Baltimore, did not prerare the cans empirically but erployed
an ingenicus semitheorctical spprozeh. & turret with JIight beam guns
was mounbed in the center of s cirecular room whose walls carried silhouettes

&7

of the airplane sbrocture for which the cam was desiuned, This technicue
proved excepbtionally suecessful, although not all the engineeripg problems
. of the Lartin turret were handled so directly.

Ferhaps Lone wmost serious difficulty facing the turret manufacturer
was the problem of understanding copbat or at least sttuining an accurate
pleture of the realities of combat conditions. One of the many lartin
models appeared with the main power relay controlled by the deadman switcha
Soon afberwards, reports from the field indicated numerous bruuh failures
in the amplidyne drive system. Studies revealed that every stop and start
reduced the normal life span of an amplidyne brush from one to ten hours,

. The cenditicon was corrected by revising the gystem so that the deadman

relay affected only the potenticmeter or control circuit and not the

amplidyne power circuit. The eagineer analyzing this correction noted

kA, Nero lipt., FES, 8 April 1942, in Arm. lab. file, Yartin 3-26
. Contract ac 13243, folder 2,
47. Vemo apt,, Arm. Lab,, 2 Lpril 1943, in Awrm, Lab, file, 5.0, 553-1-489,

Ly r
&‘.‘}{" MR L ‘:’L“ﬂ?%
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that reports from the field indicated that the deadman switch was operated
a good deal oftencr than had been anticipated originally,

The case is irportant because it illustrates one of the most baffling
problezs of turret manufacturing. After nearly two years of war, lartin
engineers were still uneble to secure an accurate concept of combat opera-
tion. & manufacturer's overseas field representative meking periodie
personal reports was one soluticn, and an improved or amplified system
of Unsatisfactory .ieports was another; but the continued failure of
designers to visualize combat realities suggests thal no satisfactory
answer was found. The appearance of G,E.-built Lartin hand controls of
plastic construction, with trigger switches which could noi be replaced
without replaeins the whole assembly, graphically illustrated the distance
between the industrial drawing beoard and the amorer's maintenance shop.hg

Important design improvements incorporating aided tracking and gyro
stabilization marked the course of lartin turret development after more
than three years of production, but the initial turret concept continued
as the foundation for all later iﬁprovements.hg If the oripinal lartin

degsign proved remarkably successful, suchwas nol the case with every

turret marmfacturer. The evolution of the Sendix turreb, for exauple,

is a case antithebical to that of lartin.

Bendix Aviation Corporabtion

The experimental 3endix lower turret of December 1940 vas followed

the next month by a Bendix upper operating with an essentially similar

L8, Lemo fpt., LC Couip. Lab., 11 Vov. 1943, in Arm. Lab. file, L.0.
554-1~130, folder 2.
49, Hemo pt., Amm. Lab., 22 July 1944, in Arm. Lab, file, 5.0. 553-1-

535.
=,@’Pﬁ§§y"£$i 'i’J R
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drive system.so Two turrets, sn upper and a lower, both handmade tool-
roon models, were sent to Horth irerican for trial lnstallation in the
B-25; but as late as lLay the fire cut-cut cams were sti]ll inconplets,
pending the arrival of final B-25 structural drawings. TFactory trial
reports revealed "considerable difficulty" in the new turret ammunition
feed system and control circuit, and North American expected to be forced
to roll out 15 E-25's in jugust 1941 without turrets.sl

Desvite the fack that the Bendix turrets in their existing state of
develosnent represented very imperfect cross sections of the best in
turret design, the nanufacturer, in compliance with a verbal recuest from
right Field, submitted a detailed cowpilation of technical requirements
for a model turret to be of use in amzssing data for a turret section in

52
the Handbook of Instructions for iirplene Lesizaers in June 194l.

Eendix turrets verc far from being iueal sanples.

Flight tests on the new ZJendix upper turret at right Field revealed,
just as in the case of the lover turret tested somewhat earlier, that the
speed ccntrols began excessive areing after a bare 35 xinutes of flight,
and Ixperimental Tngineering Section engineers predicted that even future
models would suffer frox abnormally freouent maintenance periods. The
hand control system was coasidered utberly inadecuste to the point of

recuiring immediate modification, znd flight tests revealed that curreat

53, Eendix to i'D (WF), 16 Jan. 1941, ia irn, lab, file, lachine Gun
Louwunts 1941,

51. Chief, Contract Zee, to North ;uwerican .viation, 31 iov. 1941; and
ToX, “&je Lo Go wolfe to Ixec., !D (F), 12 aug. 1941, in Arm, Lab.
file, sorth swericun ¥-25 Gonbract ac 13253.

52. Bendix to 1P (LF), 18 June 1941, in irm. Lao. file, Lachine Gun
founts 1941.
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. consumption fipures ran frou 50 to 75 per C&'Tlt higher than those in
other types of turrets because of improper reduction gearing. The report
conciuded that the Jendix upper turret was inferior to other makes for

combat use.53

The Txperimental Logineering Section's "689" inspection report of

. the new B-25 arwament listed a number of serious flaws in the Bendix
turret. Tne single control handle was inadecuate. Tt not only impaired
smooth tracking but suffered rrom & serious loss of conbrol across a
large dead-spot ncubtral., Tne controls had no self-centering attachment,
The deadnan switch served as the mein power switch. &Since the 2-25 was
not equlpped vith an external battery plug socket, it was not practical
to operate the turret on the ground unless the aircraft engine was operat-

. ing.

Both upper and loﬁ?turrets suffered from inadequate sighting facil-
ities; this shortcoming of the lower, in particular, was sggravated by
the lack of scanning or pick-up windows. ‘ieither turret was eoulpped
for emergency manual operation. To be sure, the lower turret had a hand
erank stowage system, but the cranls were so locuted and the gear ratios
so extreme that manual tracking, even of the crudest nature, was impossivle.
Both turrets suffered from a variety of ammunition feed difficulties, no
boosters were provided, ond both drives fx:equently ma]functioned with

. brush and relay ceatacts areing and buraing,

The upper turret was designed withoubt considerationifor the size of

a man in full flying eguipment, and in neither turret had Bendix designers

@ 53, Memo lpt., HS3, 21 July 1941, in ibid.

~
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. devobed sufficient attention to slot closure. Open upper turret sloits
teaded alternabely to fill the fuselage with a blasting draft when faeing
forward and to suck all the warm air from the fuselage when facing aft,
quite nullifying the vaiue of the cabin heater.
Inproper slot closure, however, was a minor problem of modification
. compared with some of the more intrinsic weaknesses of the turret. Among
these more fundamental flaws was the fact that the lower turret required
55 seconds to extend from the fully retracted position, The unsound
drive, the insdeguete scanning facilities, and the poor sights were to
be the source of trouble for months to come.%
4 wright Field representative atteanding a turret training course
at the Bendix South Bend plant summed up the 3endix turret as 'not
. satisfactory," commenting that the "general feel, ease of control, ease
with which one may becoue a competent operator, and naturalness of the
sighting are not considered satisfactory for efficient ;_»;t:u'xner:,r.."55 These
repeated expressions of opinion were not entirely lost on the Lateriel
Division, but the urgent reguirement for turrets in the fall of 1941
made it difficult, if not impossible, to reject the turrets completely,
and the division informed Beadix that one of the most important phases
of the turret program would be to sell the Beadix turrebts to the men who
. were going %0 use them., Ihe chief wrote:5 6
It would be to our mutual interests for you to arrange for service

engineers to live with these turrets during the next few months to
make sure the Cervice does not receive then with defects and troubles

5L. "689" Inspection lipt. on B=25B, Zi5, 16 iuge 1941, in Arm. Lab. file,
Horth American E-25 Ccatract ac 13250,
. 55, ..emo Hpt., Asst. ilech. #ng. G. T. oixby, 13 Cct. 1941, in Arn, Lub.
file, tachine Gun Lounts 194l.
56, Uu (\F) to Bendix, 5 Sep. 1941, in LAG 473.5, lounts,

i .
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waich will get them off to a bad start and possibly a bad reputa-

tion. + « o If they give the Service trouble at the beginning,

they may get a bad reputation wiich they may never be able to

live down.

The British turret authority, .ing Commander Spreckley, emphatically
stated that "The Rendix lower turret is completely hopelecs due to iime
proper conbrol and poor design in geaeral."57 This statement, appearing
in October 1941 vhen the new B-24's amnanent was up for consideration,
proved disturbing. The lateriel Division chief wrote the assistant cnief,
WThe guestion of the turret on the B-24 is one whicn is getting hotter
and hotter daily on account of reports of this nature which are being
sent to Enpland, . . « The comaent on the Bendix Jower being definitely
unsatisfactory is news to me . . . perhaps the Beadix is betber than
none,*

Bendix engineers planned to salvage the unsatisfactory turrets by
installing awplidyne drive systeuns. This expedient proved comparatively
satisfactory in the upper turret, but apparently nothing could rescue the
lower turreb.s ? In lay 1942 the Production Dagincering Seetion chief
informed llorth Lcerican that the llateriel Center had decided against
the lower turret. He summed up service opinion on the turret tersely:
Tney dontt lille it." Since a teil pun involved structural chunges,
and serious weight and balance consideratiocns, he suggested, “"Let's stay

off the tail sun and see if we can satisfy theu with two side guns and

57. llemo, Brig. Gen. Halph Hoyce, [dilitary Lttache for sir, Loadon to
Je Do Slegers, OFd, 10 Cet. 1941, in ibid.

58, Chief, 1D (.ashe) to Asst. Chief, Ly (F), 21 Oct. 1941, in ibid.

59, T %, Chief, FAS to Res. Rep., ilorth fmerican, 15 Jan, 1942, in
Arm, Lab. file, Horth American E-25 Conbract ac 13258,
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+ + « the old tunmel gun" as originally designed, although admittedly
the tumnel or btottom hateh installation pronmised to be littie more than
a "morale gun."60 if the Chief of PZS seemed to be determining armament
policy, however correct that purticular decision may have been, he was
clearly stepping beyond hls delegated responsibilities,

o matter who voiced the opinion, the Bendix lower turret was
adnittedly a collection of malfunctions. Slight drops in terminal
voltage destroyed the effectiveness of the dynamic brake structural limit
stops. The kneeling sighting position proved untenable during evasive
action, and a large number of other specific mechanical failures cropped
up as the turrets reached use. Honetheiess, probably no single wealmess
wag of such critical importance as the ilnadequate sighting system.

The limited cone of vision which tne telescopic sight imposed upon
the Bendix upper turret wus overcome with the installation of a simple
reflex sight ccupsrable to the arrangement in a llartin turret, bubt all
nodificabtions were doomed to failure with the lower turret.éi Bendix
engineers tried to salvage the sight with a mumber of ingenious devices,
but none mastered the basic difficulty. To answer the charge that the
lower turret suffered from inzdequate pick-up windows, Bendix designed
a "direction of attack indicator" to show which quadrant the target
eppeared in, but the obvious fallacies of such a mekeshift device shelved

the project as soon as it appeared,

60, Phone transcript, Lee 4twood, lorth imerican and Brig. Gen. K. B.
wolfe, FL3, 6 Lay 1942, in Lrw. Lab, file, B0, 553-1-452,

6l. Chief, IIS to Bendix, 29 June 1942, in &rm. Lab, file, E, 0.
553-1-119,

62, Bendix to l'ateriel Center, 23 July 1942, in ibid.
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A more promising but little more effective atbempt to improve the
lower turret sight appeared with the Dendix design to increase the cone
of vision to 70° and insert am erecting prism to maintain a normal track-
ing vision. Hitherte, while tracking through an azimuth are, the target
in relation to the gumer's vision had appeared to roll over in flight.
This not only resulted in a loss of orientation but made tracking extremely
difficult if not impossible. The proposed improvements did not salvage
the turret, however, for as late as January 1943 an Engineering 3ection
report noted that "due to recent criticism an investigation is being con-
ducted to determine the feasibility of modifying the Gendix lower turret
in such a manner that the puiner can rotate with the turret in an azimuth
direction."63 Turrets egquipped with an abtack indicator, s 70° cone of
vision, and an erect image sight did not provide "adeguate combat defen-
sive fire power," according tgf/iuright. Field report of lay 1943 which
recozmended that waist guns be installed until a more satisfactory lower
turret could be developed. Thls course of action had been conmended
exactly one year before by the Froduction Dngineering Section chief,

Tne misfortunes which seemed to hinder the Bendix turret began early
in the production phase of manufacture. In July 1941 Bendix deliveries
were go much in defauit that the llateriel Division contermplated throwing
half of the Bendix contrad to :ﬁerson.65 To spur on deéelinquent subcon-

tractors, the !ateriel Livision wrote directly to 24 Bendix subcontractors.

63. Chief, T=3 to Bendix, 20 Aug. 19423 and Chief, I3 to Bendix, 6 Jan.
1943, in ibid,

6h. Yemo Epb., Liu, 5 Uay 1943, in Axm. Leb, file, 2,0, 553-1=505,

65, Fhone transeript, Laj. 8. H. srentnall, eandix .es. itep., and Col,
E. 8. volfe, P33, 22 July 1941, in LI30 473.5, Geaeral. See also
Chief, F.3 to Bendix, 27 June 1941, in ALG 473.5, lounts.
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Gut of 106 in the Zendix complex, only & were seriously behind schedule;

but these critical 6 were sufficient to wreck production.

The dangers inherent in a policy of subcontracting an zbnormal
proportion of the turret were many. If the prime contractor became 1little
more than an assembler of components, little desipga improvement could be
expected, for experience showed that a large number of desiga juprovewents
bejaa with the study of industrial siwmplification. Furthermore, manu-
facturiag founded largely upon subcontracts left only a tenuous control
in the hands of the Materiel Dlvision, whose dealings werce necessarily
with the prime contractor. A Pi3 report concluded that "the wain reason
for not getbting deliveries on turrets" from Beadix was "the lack of
orpenization and very little effort made to produce parts in the coatractorts
own plant," and recomuended that the manufacturer be notified that uanless
deliveries were improved, steps would be taken to relieve 3endix of the

idle government machinery und to reduce the number of turrets coniracted
66

for,

Production difficulties coupled with the problems of design made it
necessary to reconsider the entire Bendix production program in sepbember
1941. Althourh it was decided that the requirement for lower turrets was
sutficiently urgent to justify continued production, the chief of PiS
noted that #difficulties are of so serious & nature that it is unlikely
that a completeiy satisfactory correction can be loocked forward to as a
probability" and suggested that a "complete redesign be undertaken with

a view to substituting entirely new turrets for those now being delivered,

66, Memo Kpbe, P33, 29 July 1941, in MsC 473.5, cendix 1939-1941,
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. at some point in the production schedule."67 So, somewhat under a cloud,

Bendix conbinued producing lower turrets.
The pattern of Bendix production did not improve in 1942. iith
BE-25 acceptances estimated at 1,292 planes per month, Bendix maximum
production, optimistically considered, was not expected to reach 850
. units per month. This factor, together with the me2intenance problens,
the operational training problems, and the steady flow of "Unsatisfactory
LKeports" from the tactical units to the l'ateriel Center, led to the
decision to delete the lower turret from the B-250C, B-25D, and all sub-
sequent contracts.
In April 1943 the Assistant Chief of Lir Staff for llateriel,
Laintenance, and Distribution (111D) in .ashington directed that the
. surplvs Beadix lower turrets be utilized as chin turrets on the B~17F
until the newly designed chin turret could be put into prod.uct.:!.on.69
Anobher somewhat later scheme to salvage the surplus lower turrets by
inverting the lowers to use as uppers proved mechanically unfeasible.7o
As far back as July 1942 Bendix had roughed ocut two experimental
chin turrets for trial installations in the B-17F and B-24D., The B-17
version ubilized an independently hung sight on a swinging arm free of
the turret proper., The B-24 version rotated both the sight and the
. gunner in relation to the guns moving in azimuth. Since it was obviously

inadvisable to manufacture two different types, the B~17 model was selected

67+ Chief, FI3 to Beadix, 11 Sep. 1941, in &rm. Leb. file, Machine Gun
Lounts, 1941,
62. 101, Chief, P.S to Cnief, Airplane Projescts, PL3, 7 Lay 1942, in
. A-rsﬁ.o Labo file, E.OO 553—1_1}250
69, Daily log, Froduction Br., "1:4D, 30 ipril 1943.
70. Kemo Hpt., .rm. Lab., 9 July 1943, in drn. Lab, file, 553-1-486,
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. because it could be fitted in either tspe of aircraft and, in the limited
sector of fire available to a chin run position, there was no need for
serious concern aboul orienting the gunner to his glms.'?l
The pressing demands for frontal fire power to defend bambardment
aircralt apainst head-on attack fully justified the earlier 3ritish
. deeision to rét-a:‘m nose turrets even though in the early phases of the
war only oceasionally had attacks been made frontally. Bendix hurriedly
improvised & chin turret design, but putting the design into production
was quite another problem. By tic time the chin turret sppeared, Boeing
production was rolling; and the chin turret reculrement promised to tax
Eendix facilities severely. AL the [aberiel Cenber it was noted that
the “history of the Bendix Company in turret nroduction does not besr
. out any optimistic assumption as to their capacity to better the delivery
schedxﬂe.“?z
Pendix chin production reached approximately 150 units per month by
June 1943, but unlike the experimentai model, the earliest production

turrets utilized the old indirect or remote sirhting syst.exn.73

After one
dry run aad one combat mission the Zighth Lir Force approved the indirectly
sighted chin turret as an "interim measure," but during & subsequent
mission, a B-l7 equipped with the remotely sighted chin turret suffered

. 12 frontal attacks in one hour. The nose gunner reported that he had

been unable t0 track nore than one target for three bursts "because of

the difficulty of picking up targets attacking in rapid suc:n::«f-;-se-.:i.f:un.“W+

7i. Bendix to L0 (.F), 2 July 1942; and Hemo Ipb., iBo, 27 July 1942,
in sirm,. Lab, file, 3.0, 553-1-458,.
. 72. Chief, IC to Chief, Pu3, 29 Jun. 1943, in irm. Lab. file, L.0.
553-1~4914
73. Daily Log, Froduction Br., 11&d, 18 June 1943,
4. Capt. L. C. “onbanus, Sth LF Air Tech. Sec., to Alreraft Lab., s,
19 July 1943, in Arw. wub. file, 3.0, 553-1-569,
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The unsatisfactory performance of the indirect-sight chin turret
led the iaberiel Center to dismantle all sucih turrets installed in 2-17F
airplanes, oni hand-held guns were continued until a production-version
direct-gipnt chin turret could be procured in quantity.75 Too much haste
in reaching production and an essentially unsound design seea to have
hounded the Beadix lower turret throughout ibs eatire career, at least

uwntil tne final direct-sight chin appeared on the B~173.

by the end of 1942, atl the major turret manufacturers save .esting-
house had reached the large-scale production phase of turret developaents
To be sure, G.Z. production was delayed because of the retarded progress
of the F-fL, £~-R6, and B-29 airplanes; but nonetheless, as a manufacturer
of Hartin components, G.E. entered production early in 1941. tartin pro-
duction ran suoobhly almost from the very first production contract late
in 1940; and Sperry, after a difficult period spent in organizing sub-
contractors, hit a production stride by the end of 1941,

\iestinghouse, the only manufacturer of the initially interested group
who did nobt mahe a wajor bid for a share in the turret business, spent the
greater part of 1941 and 1942 perfecting a drive unit. In Lecember 1942
the Armament Laboratory tested a novel .estinghouse power unit in which a
silverstat resistor, not unlike the .estinghouse aireraft voltage reguiator,
controlled the speed of a variable-speed friction drive through a differ-

ential follow-up.

75« Bee under dabe of 20 July 1943, in ibid.
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Cne particularly interesting feature of the drive was a small gyro
sensing chanses in the control deflection rate and adding a component
of this rate to the control motion to achieve a damping characteristic.
The Armament Laboratory believed at the time that the gyro element was

. unnecessary, but less than a year later the .estinghouse gyro was of
such importance that the frmament Laboratory suggested coupling the
gyroscopic unit with awplidyne control to form the drive system for a
fully stabilized turret.76 Stabilized turret control rave much promise
for the future and marked a most iluporbunt depsrbture in the evolution
of power turrets, but therc were a anumber of other turret projects be-

ing deveioped by other manufacturers which deserve consideration,

76. lfemo Epb., Arm. Lab., 19 Dec. 1942; and liemo aph., Arrte Laba,
13 aug. 1943, in Ara. Lab., file, w04 553-1-4T6.
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Chapter XI

FO.ZH {UJEET DuVILCFYZITe PHRODUCTIOY FHASDS, 1941-1944L

. Among the various turrets manufactured for the Lateriel Division,
the Consolidated Aircraft Company's tail turret was an anomaly in that
it originated as an integral part of the B-24 desipgn rather than as an
irdependent unit of government~furnished ecuipment., The evdlution of
the Consolidated tail turret was inevitably influenced by this relation-
ship with an aircraft and probably indicates, as no other illustration
could, the ilaportance of perfecting turrets as units apart from specific

. airplane models.

As far back as Lay 1937 the Javy's Bureau of Urdnance negotiated
contracts with Martin and Consolidated for big, heavy, long-range patrol
bombers and expressed a desire to equip these airplaaes with some forn
of power turret. uhen questioned, the lateriel Livision expressed no
objection to revesling the "secret™ gun mounts of the Air Gorps.l Just
how many "sccrebs" were learned may be surmised from the fact that the
Jdavy graciously approved Consolidatedls sale of the recently developed

+50=~cal, power mount to the Air Corps in December 1938.2

1, OCAC to w (.F), 21 lay 1937, and lst ind., Chief, 1D (WF), 28 lay
1937, cross reference in AT3C 472,81, Fire Control,

2. Chief, Javy Bulrd to Inspector of Haval Aireraft, San Diego,
22 Dec. 1938, in irw. Lab, file, l’‘achine Gun tounts 1938-1939.

e ontd
’ﬁfg%‘ﬂ ety

THIS PAGE Declassified IAW EO12958



This Page Declassified IAW EO12958

AAFHS-54 230

R At

. Tn Hareh 1939 the specificavions for Lonsolidatedts {B-24 called
for four .30's and three .50's for flexible punnery installations, L300 s
in noge and waist, and a single .50 in upper, lower, and tail positions.
Tae type specifiecations for four-engine bombers as defined in Jamary
19%9 expressly stipulobed that tne pumber and arrangement of nachine

. guns should be such that "eonplete proLection” could be effectively
aceorplished by "not more than three members of the crew." It would
seen that three men were expected to operate all seven installationse
nat the contractor was expected to lmprove on this is apparent, however,
in the clause stipuloting: Wiherever remotely conbtrolled guns are in-
sballed, the ccntractor shall Jesign and supply the complete sighting and
coabrol system-"s

. wrioht Field tests of B-2h and B-2hh armauent led to the opinion that
the upper emplacement would e considerably iiproved by the application
of power, at least for azimuth rotation; wnd French officials, probably
infiuenced by the success of british arwament, ucged the developuent of
a tail turret for Uonsclidated equipment consigned ©o French military
use.

In Januory 1941 Coasolidated was granted .3,960 for an ezperimentel

tail turret Tor tecsting at the irmazeat Laboratory as an installabion in

. the B=24D, The lateriel vivision negotiated a conbract for 73 such tail
turrets in liay 1941, but it was not until the followiny Septexber that

the first test model arrived at Aright l-‘ield.5

3, Specifications, Consolidated XE-2h Coatract ac 12436, in Arm. Labs

file,
. L. Chief, Conbract Sec. to Consolidated, & Jan, 1940, cross reference
in ATSC 4735, General; and statement of Lt. Col. M. e Goll, Arte

Lab. to Lte I. 3. Holley, Jr., LTSC Historical Office, 10 Cct. 194k
5, A for P No. 175587, 10 Jan. 19415 and Consolidated to «F iy b Sep.

1941, in Sra. Labe file, L.0. 553.1=357. See also Contrach 5535

ac 18522, 3 Yay 1941, in f!}i‘&?ﬁ{%ﬁ’:ﬁé.g%fﬁes.
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Eecause the Consolidated tail burret was an inbegral part of the
B-24, at least in initial concept, the manufacturers scheduled to
nroduce the B-2i were notified that they would be expected to produce
tail turrets even thourh this involved & duplication of tooling.
Actually, neither the Ford Hotor Company nor Uonsolidated, the two
major B~24 facilities, inbended to produce the tail turret in cuantity.
Coasolidated planned to subcontract with the Southemn ifireraft Corpora-
tion of Garland, Calif., and Ford planned to subcontract with the llotor
Products Corporation of Detroit.6 The decision to require B-24 prime
contractors to assume obligation for the tail turret resulted in litile
more than a complete duplication of facilities.

The Lright Field tests on the initial experimental tall turret
proved disheartening, Not only were there & number of shortcomings of
2 winor nature, but inadeouate attention had been devoled to space
considerations, and only a comparstively small man could enter the
turret in full flying equipment. Jump card tests showed excessive
dispersion, the hydraulic control valve allowed an appreciable creep,
and no provislon had been made for a heated-suit outlet, hoit air duct,
trouble lamp, interphone, or oxygen systems. These items could be
installed with a minimum of engineering difficulty, bubt only a complete
redesign could overcome the size limitation.

Jnother fundamental weakness, one which did not appear in the first

trials, lay in the azimuth drive, The Consolidated tail turret drive

6. Yemo, Chief, .m. Br. (.jash.), to H. E. Boyer, OFJ, 9 June 1941}
and T, Res..llep. TFD to LD (\F), 16 Seps 1941, in 1TSC 473.5,
General,

__'”"‘ (d "\H{'I o
<%E“””'EmPth
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system consisted of an external hydraulic pressure source, 3 reservoir,
punp, and accumulator with feed and return lines introduced through a
swivel joint to the moving turret., & four-vay, Joy~etick-controlled,
hydraulic valve determined the flow to a simple hydraulic jacl: for
elevacion and the flow to a simple, fixed-tilt, reversible, Vickers
motor for azimmth drive. At this point, however, the difficulty appeared.
Instead of gearing the motor directly turough a positive gear train to
the moving turret, the designer had the wotor operate a drum from which
steel cables ran in opposite directions aboub the turret., This arrange-
ment, designed to ouviate the use of a ring gear with &ll ite atbendant
manufacturing wifficulties, was ingeniocusy bub it brought more troubles
in its wake than could have been anticipated by Consolidated, Every
change in temperature changed the tension on the cable systen and control
became erratic with a disconcertiag slackness in the neubral area.7
Ls soon &s the serious nature of the turret's shortcomings became
evident, both Ford and Consolidated were nctified to hold up production
until satisfactory modifications could be made in the tail turret teo
produce an acceptable W:rsj.on.8 ~/hile Consolidated prepared to modify
the faulty oririnal turret, the Contract Section of the llateriel Division
recuested Emerson to estimate the cost of a complete redesigne

An Fmerson engineer studied the tail turret at .right Field and

reported that all the existing discrepancies could be removed save the

7. Twk, Chief, 1D (JF), to AC FKes. iep., Consolidated, 27 Sep. 1941,
in irm. Lab, file, Z.0. 553-1-357; and Lemo Rpt., Javy Buher,
2 Oct. 1941, in ATw. lsb, file, Confidential vorrespondence, folder
3, 1941,

8. T.X, Chief, Pi3 to Chief, uJ (wash.), 11 Oct. 1941, in Arm. Lab.
file, iachine Gun ounts 194l.

- [T s
T
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Consalidated tail turret mounting twin cal. .50 (
machine guns. Instzlled in the tail of a B.24, 1944,

THIS PAGE Declassified IAW EO12958



This Page Declassified IAW EO12958

WAL - ~
LAFHS=5L SRES TR 233

limitations on size. The original design had been cfurtailed by weight.
Tne B=24 alrplane designers had lmposed an arbilrary load lindtaiion,
but afber t.e plane took shape and the center of gravity had been found,
it was discovered thit the weight restriction was set too low,

The limitation on weignt not only cramped the tail turret for size,
but led to 2 lipat construction which impaired the rigidity of the mount.,
Tne imporiznce of building a turret around = sight had been reiterated
by the chief Frazer-lash designer, but the Consolidated tail turret signt
yas s0 constructed as to transmit a large measure of the vibration set
up by the puns in action, Finmally, the rmerson engineer pointed out
that the excessive dispersion pattern of the twin .5U's resuited from
the fact that each gun wes carried on a pair of trunnions with diverse
structural anchors, which fact resulbed in a wide variation in degree
of yielding and produced the vibrations fundamental to scatter patterns.9

In 1940, French purchasing officialis, discussing turret designs, had
suggested the feasibility of introducing some forw. of vibrating mechanism
to cbtain "splatter putterns" increasing the effectiveness of machine gun
fire, The laberiel Uivisicn, having speat 20 sears avoiding dispersion,
frowned on this suggestion, bubt the mere fact that the idea was broached
gives gome indieation of the problems facing Armament Laboratory engineers
in groping toward a rational and functionally correct tail turret design.lo

If the theory of turrets, the objectives sought, and the definition of

9. Chief, Contraet 5ec., »F to Imerson, 10 Oct. 19413 and Emerson
Office lemo, i. K. lardin, eagineer to 7. S. Symington, 30 Cct.
1941, in Arm. lab, file, L.0. 553-1-357.

10. Yemo HphL., J53, 20 Feb. 1940, in Arm. lzb. file, E,0, 553-1-303,

-rg”i Booy a7y,
bl
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. performance charucieristics remained obscure, how obviously difficult
then was the role of the Lateriel Division's engineers in conceiving
essentially fundamental design standards.

“then the diversified manufacturing basis of the tall turret made
rwodification difficult, the Production Ingineering Section chief admitted

. that it probably would have been better had the Fateriel Division arbi-
trarily concentrated the tail turret manufacture in one place.ll iean-
while, valuable time was slipping away. Liberators bound for the United
Eingdom underlend-Lease needed baill armament desperately., British
officials were anxions to accept the airplanes without major modification,
and instaliation of Zculton-Faul in place of Consolidated tail turrets
threatened to require many alterations.lz

. Jhatever may have been the inadeguacies of the production planning
on the tail turret, the manufacturers engazed in constructing the Con-
solidated set wboub to improve it. INechaaical foot firing, external
amunition feeding, inproved accessibility to the gmuns, and a number of
other minor modifications appeared; but, as an Ixperimental Ingineering
Section report pointed out after the llotor Products ianovation had been
tested, "the turret is fundamentally no different from the first Consolidated
turret tested.® The earlier turrets, the engineers believed, were actually

. better in some respects; and after all the improvements had been added,

the turret was "still an inefficient combat weapon due to the instabiliby

1l., Phone transeript, Lt. Col. Grandison Gardner, frm. Br., vash. and
Colse ke Bs nolfe, PE5, 10 Sep. 194l, in ATC £73.5, General,
12. T.X, Chief, 10 (.ash.) to 4sut. Chief, F, 15 Cet. 1941; and T:X,
. D Exec, {(ijash.) to Tech. 2xec. (/F), 6 Feb, 1942, in iru. Llab,
file, K,0. 553-1-357.

.
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of the gun mounts, sight vibration, and the lack of room," the major

13

objection to the turret from the start. 4 Yateriel Division critic
was equally emphatic, saying, "After getting a good look at the type
of armament work Consolidated is engeged in, I am thoroughly convinced
that enything we do is an improvement."

The Yateriel Civision's opinion of the Consolidated turret was
confirmed vhen, despite earlier reports to the contrary, the Sritish
Lir Commission informed the division that thers would be no further
requirenent for Consolidated turprets onlend-Lease Liberators, since
Boutton-Paunl turrets were to be used :‘msteacl.ls

Despite the fact that the Consclidated turret was far from acesptzble,
the requirements for its installation continued to increase. Tne demands
from combat theater commaaders for irontal turreb protection soon made
the uge of a noss turrel inevitable. In experimental tail turret in the
nose of a B-24 evoked an Armament laboratory criticlsm that the installa-
tion "eould not be considered as a possible production installation due
to the replacing of this type turret by the Emerson . . . improved type
tail turret," and, furthermore, the Bendix lower turreb, coaverted to
chin use, provided tne "recuired frontal coverage at much less cost than
an ianstallation of tne Consolidated ‘l:ur:c'ei:..“3'6 It is true that the

turret
Bendix chin”/rl:;ade a much cleaner installation than did the Consolidated;

13, lemo dpte, 73, 5 Yay 1942, in irx, Lab, file, 5.0. 553-1-429.

14e Jo Ge Logoe to Col. ¥Fo . Shanahan, 4:0, 19 sug. 1942, in form,
Lab. filc, £.0, 553-1-373.

15, T, Chief, KD (.ash,) to ¥C (uF), 27 auge 1942, in Lnw. Lab.
file, .0, 552-1-350.

16, ICG., Chief, Ari. Lab. to Cnief, wra. Er., Field service Sec.,
3G, 20 fug. 1942, in hro. Lab, file, 2.0, 553-1-357.

kﬂ*ﬁmﬁ;‘f} :
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. but neither the Beadix chin nor the new suerson turret reached cuantity

production as scon as had been anbtleipated, and Consolidated tail turrsts
were mounted as nose turrets to aeet the immediate requirement.
YThe first experimental Consolidated nose installaticns were made
in July 1942, but no definite policy was decided for several months,
. In January 1943 the lateriel Ceater couwplained that the nose turret
project was "seriously hampered by lack of a statement as to the extent

17 The Director of

of protection desired against forward gunfire,n
Uilitary Aecuirements in Washingbon reduced the whole problem to a few

138
phrasess:

Several theater commanuers have reguested the (onsolidated tail

turret in the nose of B-24 airplanes. « « + In view of the

recent losses due to froantal attacks and the long delay before

chin turrets arc available, it is desired that the feasibility

® of installing Coasoliuated turrets on a limited basis as an

interin measure be thoroughly explored. It is not impossible

that this turret would prove even more desirable than the chin

turret, The maintenance and supply and training problems for

E-24 units would certainly be simplified if this turret were

used instead of the Beadix chin turret,

The Consolidated tail turret, despite its unfortunate origin and
confused evolution, came to prove its utility through a much wider span
than wes originally intended, The fact that the case of the Consolidated
tail turret is probably most important as an indication of how not to
build turrets, both from the standpoint of design anu of production, does

. not detract frow the usefulness of the product. There were a number of

other turrets which, like Consolidated, entered the field late and either

17. Chief, ira. lLab, to Tech. Ixec., Eng. Div., UF, 16 Jan. 1943, in
Ana. Labu file, :.O- 553-1"'520C
18, Director of !illtary Heoulrements to Chief, :C, 21 Jan. 1943, in
. BAG 452,20, Turrets.
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. never developed past the experimental phase or came to production only
arter the major turret manufacturers had perfected their desimms and
were in full production, Before sumrdng up the pattern of turret manu-
facture as a whole, it might prove useful to consider these late-comers
briefly.

. Ls carly as December 1940 Curtiss, one of the carliest turret
manufacturers, built a power turret for Navy use, bub its design was
so inadeouate that it received bub scant abtention by the Lateriel
Division.lg Perhaps more typlcal of the late arrivals was the case of
the Horge Division of the Borg-l.arner Gorporation in Detroib, originally
culled upon by the armawzent lLaboratory 4o consider the possibiliity of
providing a substitute hydrauliic drive for the Vickers unit.

. Afber analyaing the various existingturrets--lartin, Sperry, and
Consclidated--Horge, assisted by 8. B, Henderson, the Frazer-Hash
engineer, desirned a turret for Air Corps use eabirely without reference
to the lateriel Livision. uhen the war curtailed refrigerator production,
Horge began manufacturing Frazer-Hash turrets mounting twin .50's for use
on Navy PT boats and turrets for the Navy's 832C (the Air Corps 4A~25).
This Havy turret interest was almost certain to influence the dorge
turret concept unfavorably in regard to Alr Corps recuirements.

. The lateriel Division interest in dorge cenbered around the manu-
facturer's capacity for Pesco hydraulic pump parts and the possibllity

of large-scale production on the British-used Dowby pump, then manufactured

19. IOi, Chief, Ord. Dept., .F to Chief, .arm. lLab.,, 5 Dec. 1940, in
. arme. Lab. file, lLachine Gun Lounts 1941,

HESTT

THIS PAGE Declassified IAW EO12958



This Page Declassified IAW EO12958

l:uai"l‘{c..a—ﬁh o xa"f‘ I, . ir,,_\r 238

by the Dowty Couiprent Company of Leng Island City, €Y. .ithout prior
coordination with the ..rmament Leboratory, lorge prepared an experimental
turret, known as the Frazer-lash Humber 78, in the hope that it would
warrant consideration., This was Ma peculiar procedure to sz the least,t
sugrested a llateriel Division representative who was sent to study the
developnient.

However, the lorge turret wus undoubtediy worth investigatinge The
division represenbative visibing the manufacturer's plant nobed that
n.hile it is practically certain that orieght Field will not even consider
this burret for installstion in the &-24 tail, it Jdoes have some very
interesting features which might be utilized in fature designs." The
turret of wood panel construction required no booster systay because the
agzunition boxes rosted on the axis of the yuns, wilen were at imee J.eveJ..20

Tnere is, of courss, no way of proving that the wmerson turret knee-
level puns werce nol independeitly conceived, bub tiie relationship, real
or apparent, is sufficient to sugpesi the utility of the lrmament iLabora-
tory policy of eonsidering every offering, no matter how far-fetched, on
the chance that it mirht contain the germ or some busice innovation. ilorge
seemed to have examctly this in mind in seadin: o debailed description of
the new turret to the Chief of the LaterielDivision "with the hope either
in its pagic design, or in cne or more of its component parts or assenblies,
there will be feund a conbribution of value," Unfortunately for ilorge, no

Alr Corps reouirement for the proposed turret ever nwberialized.

20. Worge to XD (.F), 22 July 1942; 5. B, Henderson to !'D (\F}, 22 Ser.
1940; and ieport on Borg-.arner Turret by Canb. L. Be 2Z1i0td to
Col.., J. T. lurtha, 10 ZNov., 1942, in irm. Lab. file, 1.0. 553-1-3,3.

21, ilorge to bO ('..ash.S, 31 1 areh 1943; and Chief, 1. (F) to AC/AS,
FU&D, 24 Lpril 1943, in LAG 452,26, Turrets,
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. Another turret which was important to the Lateriel Division more as

an influence on design than as a production item was that constructed by
the Ford Instrument Company of Long Island City, W. Y., not to be confused
with the Ford lotor Conpuny's turret on subcontraci to the MNotor Products
company. In July 1941 the Chief of the Armament Branch in 'lashington

. informed tne Zxperimental Dngineering Section of the Ford Insbrument
turret being installed in a PBY at ilorfoll: by the Navy's surein of
Ordnance. The turret was reported as "novel aad very promising,” incorporate
inez a gyroscople control and sipht stabilizing element.

Tae Ford Instrument all-~electric, gyro-stabilized turret mounted a
single ,350 anu was capable of azimuth speeds up to 900 pexr secend, The
wavy declared thut the turret had “weritorious features + ... probably

. not attained with any otner turret,® and the report was so favorable that
the lateriel vivision was anxious to coatinue the project, At the time,
however, there were other interests competing for attention.

Ls late as Vay 1942 the chief of LES wrote Dr. S. H, Caldwell, a
member of the dational Defense desecarch Committee groug%.assachusett-s
Institute of Technology, That the subject of turret stabilization had

been discussed at Lright Field and approved for investigation, but

noted:23
. There is virtually no possibility of conducting tests at the
present time because of the extreme urgency of other tests

projects involving eouiprent now in production. . . . hile
turret stibllization is considered an important nroject, all
such highly experimental problems are being held up until the
present peak of work has passed.

. 22, ICJS, Chief, Amm. Br., <ash, to Chief, iLs, 31 July 1941, in MG
L73.5, Lounts.
23, Yemo Hpb,, S85, 20 fug. 1941, in ATGC 473.5, General.

Swowr oy w o :i‘ -;;a‘-
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No nore graphic proof of the difficulties facing the Lateriel Division
could be found. .hen the initial experimental and developrent phase
ran into the prcduction phaze, & bottleneck of trained personnel wes
inevitable., The engineers who mignt best have been occupied in pushing
forward research projects such as stabilization were nearly inundated
with the work of testine current production models. The Chief of the
vateriel Divieion, 118D, was fully aware of this problem, but at the
time there seemed to be no escape.

hnother vavy project which interested the lateriel Uivision was
the Zreo, bangineeriag fiesearch Gorporation, turret. In January 1941
llenry Berliner, aa aireraft desipner and head of tiae firm, convinced
the chief of tie division that Lreo would make an "excelient source'
for turrets and arranged for a conference of krco engineers abt wright Field
to uiscuss turret design.% In Qctober 1941 & Havy test of the Irco upper
ball turret revealed the usual defects of experimental turrets, jerky
motion, uncomfortable hand grips, and poor accessibility; but it was withal
a "very well designed, cleanly ccnstructed, aand efficient machine gun
turret® with an exbremely wide range of travel comparsble to that of the
Sperry lower ball.26
The avy ordered the Erco turret in cuantity and began a project to

build & twin 20-mm. turret with z self-contained gasoline power drive

2h, ExR, Chief, 'D (12 2D) to Chief, -equirements Div., OC&R, 7 april
1943, in AAG 452.1, Pursuit Planes. See also Uase History, ZP-T71,
Octe 1944, in IS0 Hictorical Gffice.

25. T.h, Yhief, YD (.ash,) to isst. vhief, 1D (+F), 13 Jan. 1941, in
.rr. Lap. file, Vachine Gun lounts 194l.

26, hpt. llo. 105641, Ord. Insp., Hlavy Froving Ground, Dahigren, Va.
to Chicf, Budrd, 31 Cet. 1941, in ibid.
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and supercharged cabin for the r33-1l; but the lLateriel Livision was
unable to utilize the Irco design becuuse it was too heavy and was
powered with a Viekers vnit, which offered no eseape from the already
critical drive bottlenec}:.27
There were turret manufacturers or would~be manufacturers other
. than those working for the Javy with whown the lateriel Division was
concerned. The Fioneer Instrument Division, a sBendix ~viation Corpora-
tion subsidiary In Beadix, Jd. J., furnished a case in point. In January
1941 Fioaser inloraed the Lateriel Livision of plans to develop a twine
+50 spherical turret for delivery in six months. In lay the division
approved a . 33,000 experinental contract to procure tne turret, an
autosyn control drive wita external ammuniblion feed and a conputing
. sirhts In February 1942 Pioweer exnected Lo comnlebe the turret the
following April. In [ay 1943 the Jwmureab Luboestory recomnended closing
out the sloncer exgenditure order after nine monbhs had passed with no
word of progress frou the manufa.cturer.za Jot all the latewcomers to
bthe turret field, however, dwindled down to such o dismal end., In fact,
some of the last to eater the business gave great promise.
The United Shoe lachinery Corporation of Boston, lass,., for example,
eatered the turret field in the spriagg of 1941, after a conference at
. tae Lrmusment Laborabory outlining the objectives sought. From the very
beginning United dhoe decided to concentrate on the oroblem of pressuriz-

ing turrets rather than enter upon the immediate production models. .Jven

27. <TI=435, 30 Dee, 1941; Lemo apt., 53, 15 Jan, 1942; and ICH, Chief,
. vy (.ash.) o Tech. Uxec., N («F)}, 17 Jan, 1942, in ATSC 473.5,
General,
28, Ficneer to 1D (.¥), 24 Jan, 1941; Contract ..535 ac 18767; and lemo
apt., Srm. Lab,, 6 May 1943, in i, Leb. file, k.0, 553-1-3063.
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pefore resching a contract amreement, il aubhorized aa initdal compeny
expenditure of 42,500 to shape up tenative plans ror a pressurized
syst.em.29
In Septe ber 1941 the amement Laboratory initiated a series of
studies to analyre the problem of turret pressurizstion and recormended
. & policy of circulating the rcsults of these studies throughout the
tactical units in the field as well as turret manufacturers for criticism
before engaging extensively in develormental work. Ihis recommendation
marked a forward step toward im.roved liaison with service units and
suggested an important proeedure for tne future. Shortly afterward, in
October, the lateriel Division negobiated a 450,000 contract with United
Shoe for an experimental twin 37-mm. caannon pressurized turre‘b.BD The
. United Shoe enrincers canvassed the possioilities of the turret field,
but apart from a few ventures in manufacturing power mounts or assisted-
moticn mounts similur to the Bell Aircraft Company hydraulic booster
for flexible guns, the; concentrated their activities on pressurized
turrets.3 1
imong the turret manufacturers who never secured large-scale turret
conbracts with the l‘aberiel Division, one name rcours repeatedly--the
we Ls I'axson Corporation of New Torks. As early as Janmary 1941 the
. division asked Maxsoq to consider providing a Laxson drive for turret

use. The l'axson unit consisted of a low-torgue control motor which

29, United Shoe to XD (F), 12 June 1941, in hrm. Lab. £ile, E.0,

553=1=341,
%0. Memo Rpb., 283, 29 Sep. 1941, in ibids See als» Conbrach w535
. ac 21870, in £13C Conbract files.

3l. United Snoe to Curtisseuright, L5 Dec. 1941, in Arm. Lab. file,
t'achine Gun lounts 1941,
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regulated the speed of a high~torque drive mobor by using two hydraulic
pumps braking the power drive througn c:'t:i.i‘f.‘er'arﬂ;:i.als.3 2

Fothing ever came of the Maxson torgue amplifier, but in August
1941 the Armanent Sranch in hashington informed ‘aright Field of a liaxson
conbrol "eongidered to be the wost i1nteresting development yet made,”

. designed for the Brewster {3524 aireraft destined for export to the
Duteh, Originally Erewster had relied upon Tucker for a power turrei,
but when Tucker!s turret failed to materialize, !axson undertook the

development.33

Ferhaps the most appealing feature of the laxson furret drive in
Cetober 1941 was the fact that it did not reguire a lsrge ring gear,
the bugbear of almost every turret manufactured at that time, Fuarther

. more, laxson anticipated a capaeity of 1,000 drive units per month, with
a mere $150,000 tool expansion. In the fall of 194iulmnost any drive
with such a production promise might have been worth considering in view
of the desperate need for drives for Bendix, Zmerson, and 3Sperry products
when both the amplidime and Vickers units became critical,

Tne laxson turret drive, a V=belt control with infinite speed varia~
tion, derived from adjustable pulley sheaves detersining the linear speed
of the belt proportionally to the radius at which it turned, held con-

. slderable promise as & turret drive. 7The Vaxson experimendal turreb

built around the V-belt drive was, however, a heavy, extremely bulky

32, Yaxson to M (\F}, 10 Jan, 1941, in Arm. Lab. file, ¥.0. 553-1-343.
33, T.X, Chief, lrm. Br. (.ash.) to Chief, o, 1& Aug. 1941, in Arm.
Lab, file, Secoret Correspondence, folder 2, 194l; Yemo Kpt., ETS,
. 6 Cete 1941, in Aru. Lab. file, l‘achine Gun Younts 1941,
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apparatus which had about as auch chance of survival in the /iir Jorps
as the ANB turret.Bk

Still another Maxson enterprise appeared in Vecember 1941, when
the Armament Laborabtory arranged to purchase an electric drive for
13,425, This unit, like its predecessor, received an initially en-
thusiastic approval by Zmerson engineers, who regarded it as being

ag pronising as any of the eleetrical drives encountered to

date, It has a number of advantages over the amplidyne drive

in that it is much siwpler, can be made of substantially

standard parts, and its weight is in tne order of one-half

thut of the arplidyne, Its sensitivity is not as preat as

the amplidyne, bubt it is believed that it will be satisfactory

for the turvet zpplication.

Unfortunstely, the Maxson electric drive, a pulsation field conbrol
system, did not prove very adesuate when tested, and the type was limited
to use in trainer turrets bullt by the Jrocker- heeler Tlectric lanufac
turing Compeny of ilew Jersey.3

Cne of the most interesting of the rany turrebs which never came
into production was the project of Airarms, a Vesa iirplene Company
subsidiary. In July 1940 a .estern Frocurenment vistriet enpineering
officer reported the developueat of an arnored, pressure-cabin power
turret. The ingineering fection chief requested further informabion,

comuenbing that this turret "looks pretty goods" In Cetober the | aterdel

Iivision pushed Lirarms for a proposal; bub the manufacturer replied that

3, .. L. l'axson prospectus, Brewster-larson turret control, lodel 313,
in Arm, Lab, file, L.0. 553-1-343 (Oversize); Chief, EFD to Chief,
PlLs, R Cet., 1941, in fai. Lab. file, Confidential Correspondence,
folder 3, 191,

35, A for F llo. 181571, 9 Dec, 19413 and ¥merson to 1D (.F), 21 Dec.
1941, in Arm. iab, file, 8.0, 553-1-4i0,

36. Yemo hpbe, 523, 13 Jan. 1942; and Imerson to W (LF), 22 Feb. 1942,
in Ara. lab. file, E.O. 553-1-410. See also »535 ac 1944k, in ATSC
Conbract files.
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the turret was still in the experimental stage, with engiaeering bugs
to be ironed oubt. Airarms s so coafident in the essential soundness
of the turret design thav the compaay was perfectly willing to invest
& large amcunt of noney in the unremmerative stages of development in
the hore of future contracts.3 7
In Januery 1941 the Lateriel Division warned Airarms that it would
be necessary to make a quobtation to permit procuremeat in the current
fiscal year. In Yarch the manufacturer claimed to be 100 per cent
wooled for production, bub the first turret did not reaeh . right Field

for testing until lia}".B 8

Lfter such a prolonged build-up the jrmament
Laboratory could do 1little but antieipate z remarkable turret,

The Adrarms turret was indeed remarkable, for it represented an
atbeapt at & single-handed solution of wost of the major problems facing
turret desigcners. The basic bull deslyn gave a wide range of elevabion
as well as azimuth movement, the gas recoil-onerated ammunition booster
sysben was a novel approach to a vexing problem, and bhe prismatic
double~ended sight for aiming past obstructions, in appearance not un-
like 2 navzl] range finder, werse all ingenious even if not entirely
satisfactory solutions to fundamental turret rejuirenents,

Lbove all, the firams drive was an tnusual contribution. I con-

sisted of a constant-speed motor with two opposed friction clutches for

two-directicnal speed controls. The opnosed clutches prevented coasting

37. Eng. Officer, wPD to 1D ( ¥), 18 July 1940; and iirarms to L
(.}, 3 Qct. 1940, in Arm. Lab, file, Xachine Cun Lounts 1340.

38, Ti¥, Chief, 'u{ F) to Livarms, 9 Jan 1941; and Airarms to ¥D
("F), 26 Yarcn 1941, in ibide
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after disengagement, for movenent past neutral inbroduced a reciprocal
motion, Cne of the advantages of the drive lay in the fact that it
delivered meximum torque without regard for clutch positions approach-
ing low speeds. The lateriel [ivision oonsidered the Airarms project
sufficiently vorthy to promobe and negobiated an exnmerimental contract
for 515,000 to continue development by Airarms.39

Airarms engineers tried to remodel the turret to overcome the
major cbjections noted st T.right Field. The turret sheathing obscured
large zreas necessary for scanning, the drive motor was improperly
ventilated and overheated atter five minutes at full load, the maximum
azimubth slewing speeds were too slow, and the minimam tracking speeds
were too fast.ho when Alrarms had little suceess in ironing oub these
difficulties, the frmament Laboratory turned tie project over to the
Imerson facility in the hope thabt Iuerson might have more success in
converting the turret into a production prototype.

Unfortunately for the future success of the Airarms project,
tmerson engineers were little more successful at ilnproving the turret
than Vepz had been. Jespite careful theoretical dnd empirical redesign
of the clubteh systen, it was impossible to secure azimuth speeds low
cacugh to tracl effieiently, 4 poar reducer on the clutech ocutput, a
planstary gear reducer bebweea drive snd c¢luteh disky, snd idler disks
in the clubch were all ineffcctive. There were, houwever, enough features
of interest and value in the . drarcs design to make it worthy of continued

study.

39« Technical veseripticn of Jdrarws vrive, 13 Jan, 1941, in lru. Lob,
file, B.0. 553-1-343. 3ee also AUWC Contract File .535 uc 201040,

40. lemo fipt., ZL3, 25 June 1941; wauw lewo Epb., 223, 21 Sug. 1941,
in Amu. lab. file, S.0. 553-1-376.
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The Lirarms turrct was heavily arwored, the prismatic sipht promised
to be a remarkable conbribnticn whea perfected, and the turret possessed
un unusaal derree of down fire, & low drap coefficient, and an inygenious
arrancensal for lever action charging. AlLL these itens notwithstanding,
the ooacsic drive deslvn wus far from acceptable.hl

Luerson decided that only a counletely new drive would ever rescue
the !draras turret from the junk hecp, so an agreement was negotiated
securing tihe rights to manufacture Cel. awplidynes at Inerson for a sum
of .25,600. TIne fate of the Lirarms project was probably sealed when
the standard 530~watt amplidyne proved jasufficiently powerful to drive
the turret, and G.E. anticipated a five-month delay in developing a
heavier axplidyne with increased output. Tne critical need for turrets
in Januery 1942 induced the "ateriel Uivision to press the Alrarms pro-
ject in spite of 1l its obvious defects, bubt by June increased turret
output by other mamifacturers made even the promise of future improvement
in the Airarss turret seem insufficient justification for continuing the
project.'

Firing tests of tne Lirarme turret with alternste auplidyne and
Laxson electric drives revealed the usual accessory troubles, inadequate
boosters, etec., zs well as excessive power consurption. Larly enthusiasm
for the airvarms design had led to tentative procurement plans in a letter
contract to caersoa for 530 units in Jemuary 1942, but by October of

that year .nerscn was doing an "absolute minimum" in development work

because the project had been shelved for uore promising designs.

41, lemo &pb., IS, & Nove 19415 und fmerson to kD (WF), 14 Nov. 194l,
in ibid,.

42, G,L. to Xmersoa, 7 Jan. 1942; and Emerson to G.B., 28 Jan. 1942,
in ibid,
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The oripinal Authority for Purchase on the firarms turret called
for a 10,000 allocation of funds, but by June 1942 Iuerson reported

expenditures totaling more than ¢r91+3000.1+3

The Froduction Ingineering
Section pointed out that a cuantity contract on the Alrarms turret
would be based on the assumption that the turret would be suitsble for
use in production airecraft. Furthermore, prediecting the use of central-
station fire control by June 1944 and allowing nine months tooling time,
a margin of but nine months remained for production, which seemed in-
adequate justifieation for pushing the iirarms project further. The
Zxperimental Znpineering Sectlon dissgreed vith the PSS viewpoint., The
section chief was convinced that the Lirarms turret represented an
engineering achievement: Mis of this date, the Vega turret is superior
to any of the present production turrets." Furtherwore, the chief of
23 doubbed thet local control turrets would be oubtmoded by June 1944,
and, if successful, tie Lirams turret would be of tremendous value in
relieving the Viclkers unit shortage.

Jhen the 750-watt a.plidwe project ran inbo protracted delays at
G.Te and Martin-Cmaha anticipated a delay in llartin turrets, the lateriel
Division shelved the Alrarms projcet entirely and turned Emerson capacity
ta Martin production. The Conbtract Section chief estimubted that the
development costs of the abortive Airsrms project would reach 400,000

by December 1942. Agalnst just such & conbingency, Alrarms sought to

43. Emerson to 11D (.F), 15 June 1942; Kemo Ept., 733, 30 May 1942;
and imerson to D (LT), 23 Ceot, 1942, in 3bid.

Lh. TG, Chief, P13 to Chief, Frod. Div., 15 June 1942; and IC:, Chief,
ZE3 to Chief, TS, 24 June 1942, in ibid,
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reach 3 settlecent with Zmerson., That tais money was not utterly
wasted was attested by the appearance of {merson's nose ball in the
B2+

Vepa, represeanting Jirarus, claimed more than /153,000 for develop-
ment costs prior to the time Iuerson took over the project, but the
western Frocurewent Distriet conbraciing officer held the opinion that
the Vega claim was not zllowable snd reccmmended iLhat the iir Corps
sebtle with Laerson and leave the Vega claim for direct negotiation.
Legardless of the outcome financially considered, the whole lirarms
project is a worth-while study. It raises a aumber of problems of policy
for future consideration, such as the contractual relationship between
such elements as bmersen and AHirarms, the fair control of design rights
between competing manufacturers, and the utility of pressing developrent,
in the face of successful produc