Messerschmitt MellQ Anclvsis Sec. III
Vultee Alrcraft, Inc.

LIST OF ILLUSTRATIONS

ent In Coekpil — o 1

hedio Dgulpment end Locstion Diagrem —we-- e e 2

Long and Short Wave Transmitters —————— oo oo 3

Long and Short Wave Recelver Units w-w—memm oo oo 4

Radio Control Box m—— e 5

Antenna Loading Unit and Reel = ————mmcmcmmmo e oo 6

Rzdio Compass Recelver Units ————— e oo 7

Blind Landing EQUIPmMent oo 8

Interphone Units = e 9

DynamebOrs e o e e ettt e e s e e e e 16

5 g

o g 83 e




i

B
.
v
:
&
2
.
;
.
.
!

o e s e

N e e e

S

e

3 MellQ comprises two com Te
“iver, blind approach snd treffic commmicsn-
; i of this equipment in the

b b pelation te other items of equipment can

oF

d locaeted directly in front of the

iodn the top row, a short wave receliver,

senps azimath indicator; with the sheri

ciber, and radio control box located in the

~iih are located an interphone switeh

cooz recelver eontrol, ultra-high Tre-

in beacon recelver antenna-mals

upper, right-hsnd longeron.

Poew bhe ripght.

dide, dends lbsell to pre-fab

ok plnte, and are designed to

irbion of the Megssraschunitt
s &zbu, Staff Engineer,

Cngineer, for the Hpgi-
frie é;?wwu?+ inc.

Lovss whorsln the wireg sre band-



Messergchmitt MellD Analysis Sec. ITI, Chap. 9
Vultee Alrcraft, Inec. Radio Equipment

slide into sultable brackets riveted to the airplane structure.

Mase productlon permits exact determination of every cable and wire in the
alrplane, and these are undoubtly cut to length, fitted with suitable {erminals
as a sub-assembly operation, and then stocked until required for an installation.
The design 1s such that it is possible to 1ift the entire installation (as shown
in Fig. 2) into the airplene as a complete unit, with nothing more than mechani-
cal attachment of each component in its proper Jocution being required to com-
plete the installation.

Irim panels are installed over the wiring sfter the installation is com-
rlete. These are secured by spring-type snap fostencrs which can be operated
by the fingers, making tools unnecesssry for inspsciion of the wiring.

Due to access and space limitations imposed by the airplone structure there
are some isolated loecations where it is neceserry to meke electrical connections
at installation of the radio, bubl hess are o mechaniecl type using a sebt-gcrev
clamp, and all wires are pravicusly eult Lo lengih and supplied with end fittings.

Gonnecting to the cables leading from the units in the cockpit are the pi-
lot's stution box, send-recelve switech, two antenna ~tuners, interphone ampli-
fier, three dynamotors, radic compass receiver, antenna reel, and blind-landing
squipment. The location of these items is shown in Fig. 2.

The dynamotors are located on the battery mounting bracket. However,
this is apperently not for elecirical reasons but rather for balance and ac-
cessibility, as a large door is placed in the fuselage adjacent to this mount-
ing. The electrical connections for these dynamotors, however, connect to the
main circuit-breaker and electrical switching pansl in the gunner's cockpit.
These dynamotors, with the exception of the one used for operation of the direc-
tion finder and blind landing equipment, are started directly by operation of
the relevant cicult-breaker In the gunner's cockpit, and apparently are turn-

ed on prior to meking a flight and run continucusly throughout the flight.
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The antenna-tuners, reel. fairleads, snd lead-in insulator are located
in positions determined by the best electrical characteristics for each an-
tenna, with the high-impedance :ntenna leads in each cese limited to absolute

. longer than eightesn inches. The antenna-

minimum lengths in no case Lol
tuners and reel are remotelv —ontrolled from the radio operator's position by
means of the radio control iy, The lead-in insuletor from the ixed sntenns
mast on top of the cock pii -» - woure 1s designed to provide the least possible
wind resistance while w inloioin . fnvorable electrical leskage path. This

is accomplished throush Lhe use o0 recessed leakage path allowing the antenna

st with the portion of the inmsulator mount-

connection to be substont
ing to the skin. Standardizalion ¢ “loge ceremic parts 1s achisved by pro-

viding a flat mounting surface roo ! “rom the outer face of the insulator,

snd using contoured wooden rings o i Utiis surface flush with the ekin con-
tour of & particular airplane. In i - o of connections to the lead in insu-

lator and to the antenna tuning unite, - opooin! bype of gland connectlon is

S

used as shown in Fig. ©.

-

The trailing antenna fairlead shown cirtve . dndie

‘ cating the probable use of an extremely louy o ol e uy woonl, ng world
3
£
. be reguired for long-wave communication. Thin Tuarios Deenomohopopon throush
4
the skin, but merely gocs close to the inside of 1o oo with o open-

¥

ing below it sufficient to allow the apteonn weipi to pe Jully retracted wiin

in the airplane.

Blind lending equipment of the Lores. .o o provided, with the apparent

addition of those changes reguired bLe onntic gquipment to serve the addl-

tional purpose of ultra-high frequency #roun roception. This equipment is lo-
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ing with the load sppiiad to one end, the other end having & base secured to the
gtructure of the olvplsne. Fitbtings on both ends of the column ars steel pletes
valeanized to the rubber. These rubber columns are sbout 1-1/2 in. long by 1 in.
dia., and are used throughout the radic instalilation for mounting all items con

taining vacuum tubes, with the exception of the radio compess receiver.

The radio vompass receiver is locsied opposite the blind landing equipment,
mounted on an uwnususl shock mount having a section spproximsting the letter "WY,
where the icad is appiled to a wmounting plats fastened across the two lower points
of the "W" and the mount is fastened to the structure by 2 plate fastensd to the
upper points and middle apex.

The redio compess receiver 1z condrolled from the radio opsrator's (navige-

tor's) position by two flexible shafts, a pair of steel wire controls (similar

to an Amerdican Ahrens control) and dwo ezectrlcal cables. The loop antenna is

located on the bottom of the fuselage, and mechsnically controlled from the op-
erstor's poslition by an additions] flexible shaft. Guodranital-error correchtion

is provided witil the indicsbor iteelfl.
The alrplene, in additicn to the direction finder loop antemna, carriss a
"V antenna, extending from a mast mounted on the cockpit enclosurs above the

radic operator’s wposition to the twin tail-assemblie

Ey

s & tralling snitenna, pre-

i

viously discugsed, and dipole antsnne mounted on the bottom of the fuselage, aft

of the direcitlon-finder loop.
The radio eguipment provides the following facilities: reception and

transmisgion of C.W., 1.0.W., (continuous wuve, and interrupted continuous

wave, and phone on bands of 300 to 600 kil ooyelea and o bond of three to six

megecycles, & power ol plified interphone

communication radic operator nnd pilot but no provisionm

is mads at the

Redio bearings way e teken over the renge

of 167 ta 000

peing provided in this rangs.
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in the interphone switch box to direct its output to either headphones or blind
approach indicator on the pilot's instrument panel.

The control of the indicator for homing, also mounted on the pilot's instru-
ment punel, is likewise provided in the interphone switch box. Since a common
power supply is used for both blind landing and radio compass, mechanical inter-
locks ore provided to make it impossible to listen to one receiver and have the
other receiver, not connected to any source of power, connected 4o the indicat-
ing instruments for pilot's guidance, since this situation would give inconsis-
tent Indication between aural and visual signals.

The key for telegraphy on either C.W. or I.C.W. is connected to keying re-
lays in the radio control box, one of which is of the slow release type, making
‘it unnecessary to do more than press the key to change from transmission toc re-
ception. A time delay of approximately one-half second is sllowed following
transmission before the equipment will return to reception.

Since the transmitters are of the self-excited type it is necessary to pro-
vide & monitoring position of the radio control switch in whieh reception can
be maintained from the ground, or other net control station, while the trans-
mitter is tuned to zero-beat. Selection of unmodulated transmission is through

an additional switch external o the radio control unit.

The transmitters used on this airplane are mechanically identical, the only
dilferences being the coil and condenser sizes required to provide a range of
J00 to 600 kilocyeles for the long wave transmitier, and 3 te 6 megacycles for
Lhe chort wave transmitter. The views of Fig. 3 show both the long and short
wove trinsmitters, and the deseription of the transmitters given herein will
apply ecuelly well to both, unless otherwise notsd.

The trangmitter circuit is a M.O.P.A. {mester oscillator, power-amplifier)

-

type, using o type RL-12-P35 tube as oscillator and two in parallel as amplifisrs.
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Thig tube is an R.F. pentode of 50 %o 75 watts plate dissipation whose design
makes it particularly adaptuble Lo high frequency operation. The emitter is this
tube is an indirectly heated c:lide running directly on the 24 volt supply. It
is reasonable to believe thni ihe ¥ .P.A, type of circult was selected because of
a2 lack of suitable quartz [lor o - Lral crystals,and the fact that o transmitter us-
ing this circuit can be set ui nny ierired frequency without using a special con-

trol unit.

Both stages of the by itier . Luned with variometers and fixed open-

stacked mica condensers. In o oo U the low frequency transmitter the vari-
ometers have moulded yluobi - oy i iron cores, and Litz wire windings.

Those in the high ¢ ot onnve ceramic forms, powdered iron cores,

and flat-wound copper ribton il o, couen of the concentric line coupling
from the transmitter to rnitoiwi oo 0 o oo ble to gsng the tuning of both
oscillator and amplifier aund to siipres “iii e Lhe tuning control in terms
of frequency. This tuning contro! i v w0 o witt u pechanical indexing system
whereby any four frequencies muy b v orinol ek noangnifying lens is pro-
vided to facilitate reading the inden =oooiin Cieimelexing system operates
mechanical stops as the dial is rotobt . it -0 shes shops will open an asso-
ciated target indicating which channel o tonn cotad s Girently upder Lhese
targets is a plate with writing surfscoe [or 0 : Ceecionety ol upoon each
channel. To compensate for possible inuccur: i Do bn s s o vernler con-
trol is provided to adjust by small incremeni. erot iy nolnd as estab-
lished by this mechsnical means. These stopn v, fo rooiily set from the front
of the transmitter with either a large screw driver o coddinary coln.

The plate voltage applied to these trangmitiors o lolween 750 and 800

:nd comes through fuses in extractor-type fugse i iero lorming an integral part

of the junction box for the traansmitter mounting. Uhiu junciion box is located
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operator's bulkhead with four of the column shock-mounts previously discussed in
connection with the ultra-high frequency equipment. Connection from the rack to
a junction box on the supporting bulkhead is ithrough a single flat cable term-
inating in a multiple connector plug.

Servicing is a paramount factor in the design of this equipment, and it is
mounted by two hooks in the upper corners of the transmitter, with two quick-re-
lease fasteners with screw driver heads in the lower corners. Connections be-
tween tronsmitter and rack are made through an integral plug (Refer to Fig. 1).

When the transmitter has been removed {rom the rack, protective covers
over front and rear may be removed to expose the mechanism and tubes, and that
portion of the transmitter carrying the tubes and port of the fixed components
of the set may alsc be disassembled. Use is mude of inbegral plugs to facili-
tate disassembly without unwiring.

In the transmitter, oxitensive use is made of die-cast supports for the
various units. Internal wiring of the units is made with wire between No. 28 and
30 size; insulated with varnished cambric tubing. With the exception of those
wires carrying radio frequency, all wires are cabled tightly together and run in
channels of the die cast chassis.

Testing and servicing of the entire unit is facilitated through the use of
a test-set receptacle in the front panel. This receptacle provides testing of
2ll circults without disturbing the set box in any manner. Servicing of the in-
dividual component chassis would be o very slow and laborious task by anyone ex-
cept a men thoroughly familiar with the particular pisce of equipment as the
wires have neither color codes nor numbers, and yet are cabled together. Some
help to service personnel is given by decalcomenia labels applied on or adja-
cent to each item in the set giving the designation of that part as used in
schematic and wiring diagrems. Further hslp are the complete value markings on
each part, including the electrical size, operating and test voltages, and cur-

Ty
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rent limits; together with tolerances and any other information pertinent to the
particular part.
The appearance of these unlls plves the impression that primary importance

has been placed upon removs! of ithe unit from the ship for service, and second-

ary importance upon removi ! sl roplocement of faulty components in ninimum time.
Receivers

The receivers are {Jentioi, with the exception of the components deter-
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mining the frequency runpe, i 'tese frequency renges are ldentical to those of
the companion tronamittors. Tho rucsivers are elght tube super-hetrodynes, us-
ing in all positicong = type +7 100 2000 tube, this tube being a miniature R. F.
pentode of remote ool o checocioristics.  The tuning control of this receilver
is mechanically oimiiar '+ 211 of ‘he transmitter, but operating in this case

a three-gang varistic condes o, copnected to iron core fixed inductances. As
in the transmitter, o woprd i onn i provided for viewing the scale on the
tuning control. The reueiver re provided with individual volume controls, as
well as beat-frequency occiii- ' » wrntrols, and have concentric-line antenna
connections which lead througs i ridio.control box to the proper antenna load-
ing unit. The receivers, [l:: oo 1y n:mitters, have a test receptacle on the
front panel end plate voltiye ~r o0 " lod through a similar fusing arrange-
ment in their junctionm boxes. orob recoiver will disassemble into two units

as shown in Fig. 4, in a menner cosiopons Lo that of the transmitter, with one
unit containing the R. F. cnii 1. . ircuits, and the other housing the zudio

cireuits.

Radio Cpntrol Box

A1l functions of the radic =y tow o controlled through switches and other
compenents contained in the radic conieol Coxs Whin unit is mounted in a manner
similar to the transmitters :vl roooivocn oo b Anh, cince 1t does not contain

tubes, 1t is neither provided with hoooe o croniiel releass
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Connections are made to this unit through a seventy-five terminal connector vhich

}j is an integral part of the mounting unit, as shown in Fig. 11. Concentric lines
are brought through this connector with apparent complete disregard for their
concentric characteristics; they are likewise handled within the unit as any
other wire carrying radio frequency power, i.e., spaced avay from the cables of

other wires.

Control of transmitter and receiver cperation is provided through a cen-
trally-mounted eight-point, cam-type rotary selector switech. The mechanism of
this switch is identical with that of = toggle switch, with operation by cam
lobes on the shaft carrying the rotating handle on the front of the control box.
The operation of the antenna reel is controlled by a normally off-momentary on-on

: switch with indication of its operation provided by two targets adjacent to the
switch. The antenna tuning units are operated by A C Selsyn motors mounted di—
rectly behind the tuning dials. Power for these Selsyn motors is provided by a

12 volt 400-cycle winding on the transmitter dynamotor. Incorrect operation of

either antenna tunner is prevented by an electric clutch between the dial and

Selsyn motor. This clutch disconnects the tuning handle from the dial and Sel-

syn motor unless the setting of the selector switch requires that the associ-
ated antenna tuner be adjusted for transmission. Antenns—-current indications
are given by an emission meter mounted on this control unit, calibrated in
arbitrary units snd arranged to operate from thermocouples in the antenns
loading units. Two keying relays are also in this control unit. The firgt of
these relays is quick-make, slov-release, and operztes the instant the key is
closed. It serves to disable the receivers and connect the antenna to the
transmitter. The other is quick-make, quick-release type and performs the ac-
tual keying operation. These relays are both of telephone type and ere contain-

ed within a separately covered compartment shown in Fig. 5.
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Antenna Loading Units

]

: One antenna loading unit is provided fer ench antenna, top and trailing.

The units are identical with the excepticn o Lie olectrical parameters of the

circuits associated with the low freqpinney eionned, being larger in the case of
the top antenna. Iron core variomet oo oro wood Vo funiugg one for both long-
e

wave channels and another for the fwe oiborh wiwe sheouw o, Vory effoctive use

e, oonmn, variometer

is made in these units of moulded vicnien, inclusing ¢

parts, switch plates, and various clro sl mewbers. Ghonmod selectlon 1s by

a rotary switch ganged with both viriowters und the enm type chunge over switch,

with the whole being driven by *the Ui motor. These variable clrcuits are
used to tune the antenna as reguire: . transmission, and serve to mateh 1t to
the concentric line from the Lwannns!toro,

A vacuum relay is incorporio: in the antenna tuning unit. This relay
automatically connects the anier:: ¢+ (he Lransmitter through an adjustable
network while the transmitiing rxey o belng operated, and automatically switches
the antenna back tc the receliver throurh o broadly tuned network when the key is

not operated for a short pericd 1 tim. The contact assembly for this anterna

change-over relay ig encased in o cviocunted glass tube with connections making

it possible to plug in this poriion o the relay without disturbing the operat-

ing coils which are externc! !+ 1+ plugn tube and permanently mounted in the

tuner.

Antenns Reel
The antenna reel shows i Fig. © is motor-driven and remotely controlled.
Braking is provided by the luaters) liuplocement of the spring-loaded armature

vwhen power is discomnected. Uhl. jroves to be highly effective since the gear

reduction bstween the antennc rooi and motor for the reel will operate in eilther
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j} direction as selected by the rodic conbtrol box. When operation is desired on a
:

. channal using the freoiling antennn, G antenna reel switch msyv be operated o
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cause the reel to unwind cnd pay-out the antenna wire. This operation will
continue either until the switch is returned to the "off" position, or until
the end of the wire and the limit of the ontenns reel is reached, at which
time an integral limit-switch will stop the motor. Auxiliary contacts on the
spring-polarized motor-cperating relay supply power to the solencid operated
targets on the radio control box, thereby indicating the actusl operation of
the antenna reel as against the setting of the reel operating-switch at the
moment. This reeling out operation can be performed only when the channel se-
lector switch is in a position requiring the use of o trailing antenna.

The antenna may be reeled in at any time, yrovided only that momentery con-
tact be made at the reel operating switch, regardless of the position of the
chamnel selector switch. When the antenna staris to reel in it can not be
stopped until it is fully retracted. When the antenns ig fully reeled in, the
antenna weight will bottom against the antenns fairlead stopping the reel and
putting an overload on the motor, which will tend to draw the wire tighter a-
gainst this stoppage. A thermal cut-out is provided so that when this over-
load has existed for o moment the‘mctor will turn off, thereby braking it-
self’, holding the nntonna tight against the fairlead and causing the reel
position indicating Lurpel Lo drop. If, however, the antenns weight becomes
lost, the antenna reel will wind the wire through the fairlead and continue

to wind until an integral stop is rerched, at which time the motor will cut off.

When stopped by this limit awiteh 14 vl

entenna, thus precluding the possibilily o i
within the ship. To again restore the roel 1o cperation it is necessary o
remove the reel assembly from the motor drive, replice the antenna wire and
recock the limit switch.

Radio Compass

This radic compess is a pisce of squipment spparently older in design than

Sy
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tha other items of equipment installed in the airplaone, being originally design-~
ed for battery operation but now provided with plate power from the same dyna-
motor used for the blind landing equipment. The receiver 1s & tuned radio-
frequency type equipped with a static surpressor, and a beat-oscillator for re-
ception of C.W. signals. [t cnn be operated on Itwo bunds Lo provide aural-

nut direction finding, cardicid direction finding, interlocked A-N aural homing,
or visual homing. Type of operstion and band are‘selected by a rotory switch
driven from the receiver cenitroi anit in the radio operator's cockpit, the
various indications being given v o wobor driven rotary swibtch within the

receiver. The receiver when uuod o ursl nul dirsction finder is not sensed,

c s ‘ o . .
however, the 180 ambiguity cow be rerowod in bhe normal manner for a receiver
of this type. When operated a¢ diro fon Tinder the indication of the loop

position is given on a large ouimuth oo o oo fnbbor line 1s also varlable,

au o omoeunte

being operated by the remote indic:iive, v o covigniional compe

ed in the after portion of the aivrpl v oo Theooph tnde mebbod Gt ds
possible to get direct magnetic hoadings frem fhe ot npens whiien bear-

ings are being taken without mubheomsficr i coven o i o0 toep positlion and
compass reading. Within hic indicnior oo coitoinesd Lhe automatic quad-

rantal-error cam. Conpechion boiusen the soofeocn fediastor and the loop ro-

tating head is by fléxinie shol't comietooed oo v pio bubing.  This contribu-
tés to lightness and reduces ool 00 0 oo o ingtallation.  Direction

change 1s accomplished thi snple mitre gears. A sesc-

tion of this type of flexibie ti it o o jown din Fig. 7, as are the aximuth
indicator, receiver control and [+ .. The loop for this receiver con-

sigts of two 6-1/2 inm. dia. turns ¢ ieol tubing, without protection or str-

eamlined housing. However, bthe upoco wtbiong for this loop call for the drag
not to exceed iten pounds at 240 mpi wiih the loop set perpendicular to the axis

of the ship.
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Iin order to eliminate brosd nul indications common to radio dirsction

finders mounted in aircraft, a zero cleaning circuit is provided which is also

controlled from the radio operator's position. The signal required for this
circuit is obiained from the short vertical sntenna on the top of the canopy,
this antenna being used also for the main bescon receiver. Coupling to the
compass receilver is through the antennu-loading unit and a concentrie line.

Blird Landing Apoarstus

& Lorenz blind-landing system is provided consisting of two units, main
2 >
beacon-receiver and marker-beacon recelver, as shown in Fig. 8. The tubes used

in this equipment are similar to those used in the direction finder receiver,

meking up the total, together with those in the transmitter and communication

receivers, of three types used in this girplane. The main beacon-receiver is
of the tuned radio frequency type end operates from a vertical antenns 80 cm.
nigh on top of the cockpit enclosure directly over the radio operator, through
an antenna losding unit at its base and a concentric transmission line. Both
this loading unit and the receiver are provided with frequency chenge relays
meking it possible to operste this equipment for both visual indication of

approach and traffic control. The construction of this equipment places great

stress on mechanical rigidity to the extent that itg mechanical design approx-

imates that of conventional high-frequency trsnsmitters. The asudio output of

this mein beccon recciver is fed to bhe audio system of the marker-bezcon re-

ceiver, gince the single pudic-ayaten onn serve for hoth of the disassociated
¥ 5 o

signalsg. The marker-bescon receiver no radio frequency amplification. Its
detector operates directly intc the sudic emplifiier end filter. The antenns
for this marker bescon receiver is « dipele coupled to the receiver through &

matching transformer and concentric transmission line. Cperation of the main

s

beacon is on 9 mebters and the marker bescon receiver on 7.9 meters. Output of

both receivers is fed %o the interphone switch box where i+t may be either

T
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monitored orally or fed ic the wvigual indicutling device on the pilot':

ment panel.

Interphone Equipment

Interphone communication 1s provided onl

pilot. The interphone amplifier shown

celvers, and the small extractor knot v
inside its case. The amplifier chaoni:
sor grid modulators for the transmiiior:.

manner to the receivers and trancmiti-r

The interphone control box
of the receivers tc the headphone
amplifier. Switching is aluo vrovioo
ed on the pilot's instrument pou i
interlocks to control the piot.

Three dynamectors nre

a 750-volt, 30C-miiltivmpor o i

v wetween the radio operatlor
in Fig. 7 uses the same tubes as the o
ving these tubes is stowed ingide
containg the tubes used as suppros
i shock mounted in a similar
ref io likewise independently fused.
itoen for connecting any cne or all,
el as the output of the interphone
Yor wporating visual indicators mount-
witehing 1s preovided with suiltable

sanetor for the two units.

nirplane, with the largest being

tiition, this machine supplies A.C.

for the operation of Lho ooy torn and modulater filiaments, as
well as bias voltages. Coolirs o : iovl through the use of a large cen-
trifugal blower. Integral fusin, ¢ i led for each of the windings of the

machine and the entire unit 1o -
leese fasteners similar toc the roo

mounts are not provided.

A 250-volt, 150-millianmpere wt o

cgiver plate voltage and interphone

by a small fan. Fusing is agein inteyr

transmitting dynsmotor.

Lo with integral plug and quick-re-

coonbings, with exception that shock-

v provided for communication re-
ier pupply. This machine is cooled

ared the mounting is ldentical to the
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‘ The remaining dynamotor 1l uscd to supply plate voltage to either the

main and marker bheacon rocelivers or bhe radio compass receiver. Ibs operation

. ) is controlled by ithe switehes on the interphone amplifier gwitch beox, whiech in
% ‘ turn, operate the alarbing.relay built ihto the dynamotor unit. A ballast tube
is provided for the control of filament voltages of these units and a gaseocus-
discharge bype repulstor for control of plate voltage.

internol Tuplng of this machine would be impraciical since it supplies
power Lo bwo peparate ltems of equipment and fallure of either of these would

blow the fuse making it impossible to operate the othsr. Therefore, specilal

Pusing cdapbors are provided in the power plugs for each of these items.
fach of the dynamotors is provided with adeguate low znd high frequency

Yilters in the circuits of each winding, these being indicated in Fig. 10

voncluslons
The radic equipment of the Messerschmitt MellC represents the best prac-

tices of medern Americen design and equipment for alrplanes of equivalent size.

The facilities listed herein have been provided at a total weight of only 300 1bs.,

despite the fact that the equipment eppears heavier than American equipment. This

illusion is probably created by the fact that the units are each smaller than
squivalent American units and therefore in the aggregate, due to their number,

would seem to represent a considerable increase in weight.

Standardization appears to have been the watchword. This is particularly
true of cabling in the installation, and with individusl components within the
pieces of equipment themselves. This stendardization is indicated in such ways
au the uge of only three types of interconnecting csbles in the installation.

In cases where a number of wires different than that of the standard cable was
required, standard cable was used and ithe unused wires were doubled back and
allowed to remain. Standardization is again indicated in the inclusion of asev-

eral cables and plugs which were not used in this instellation but were never-
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theless instelled, indicating that other equipment could readily be used in this
same airplane without cable changes.

Standardization of tube types has been achleved through the selection of
" the most complicated tube structure necesssry and providing this tube with suf-
ficient external connections so that it may be connectad ns required by each
particular usage.

Tt is difficult to fix the exact date of this rudic equipment since some

L3 i

of it appears to be more modern than other parts. o +, bhe Lest indication

can be derived from the date on which the radio comprsa loop sximuth indicator

was calibrated for quadrantal error, this date belppg Jupat 2, 1030,
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General

i

Five machine guns and two cannons pive - %0 ierific striking

pover ss a fighter or as an attack airpls Porooo Uhne s teces cuneontrations

and transportation units. These same airot oo, B A EIETS used

%E
E
f
;
;

during the Polish campaign to disorganive il o o f L i slong

:

i ‘

: railroad tracks and disabling locomotive: : oo s U lne Pour
§

L fixed machine guns of about .32 calibor. « o - freed van o denic in bhe
|

. fuselage nose section, with ammunition & o« - s Lenh P00h rounds for

. each gun located beneath the guns. . S Lo taekelled in the ex—
treme lower portion of the fuseluecc i+ : Coapdt, and fire

through steel blast tubes exbending < : Coorbion of the fuselage

: nose section. Selective commanid o o : Cootirough firing switches
on the pilots control stick, Orpon ©o i teocking) and electric
solenoid firing contral ip jpovic o o . cooovnen. The gunner is fur-
nished with a singie v vt oo , . : ¢ . caliber, supported in
a uaiversel wooein Tos P cough a wide range.  The gun-
ner fires from o v ; : Coosueket seat. 500 rounds of

ammunition are supp!i. - . ooarmor plate is used in the

airplane.

Gun Compartment
The four & mm., Rheinrei: 1 Tized machine guns are mounted in a
BEditor's Note: The technicel it- 0 .. vortion of the Messerschmitt snalysis

was contributed
Armament Design,

e e UtHare, Staff Engineer in Charge of

eowoo o oand Mr. Sonntag, Armement Ingineers
for the Engineering: - . : coopment Dept. of Vultee Aireraft, Inc.
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Streamlined compartment lorming the noge of the fuselage. Thisg Comperinent ig
divided inte two main Sections by g horizontal deck located approximately on
the fuselapge centerline, ang into a thirg compartment by a transverse bulk-
head near the front of the lower section. The lower section ig g rigid struc-
ture connected to the fuselage forward bulkhead with four 7/16 in. steel bolts,
while the upper of hood seection is hinged to open by moving forward ang upward
in a manner similar to some automobile hoods.,

The guns sre located in the upper compartment and Securely mounted
to the deck structure, With ammunition being fed through chutes extending from
the deck ang Connecting with ammunition compartments located in the lower com-
bartment. Provisions for retaining ejected cases ang links are made in the low-
er compartment., The smajl compariment in the nose of the lowser compartment con—
tains four compressed air cylinders for charging the gurs, and mounting proyi-
slons for g camera gun arranged +to sight through s sma13 opening directly on
the fuselage centerline.
Gun Mounts

The two inper guns of the EToup are mounted on an aluminumualloy cast-
ing base with Tear supports and front trunnieons. This mounting base alge forms
& passage for the Case-ejection chutes, The outer guns of the group are mount-
ed ir a manner similar to the inner guns, excepting that these mounting basesg
are welded stesl tube structures with welded steel sheet case ejection chutes.

ALl four rear éupports are identical ang inﬁ@rchang@able, and each con-

Sists of an aiuminumualloy'casting, abtached wiiy Four 3/16 in. bolts to itg

mounting ang shaped as g hoop to encircle the gunl receiver. The receiver ig

nit removal of the gun.
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The front trunnions are also id s b ?ntérchangeable, and are
steel costings in the Torm of pivoted yokeo, «vor @ binched to 1ts gun mount-
ing bage by its pivot stud passing through © i+ Teek nuts on the pivet stud
provide for vertical adjustment. Transve- - o o oo soremn of the yoke lo-

cete the trunricon block, and provide ol

Ammunition Chutes and Boxes

The feed and ejection chuten - st ey w30 T, pheal sheot and
fasten with two spring loaded Lo;i oo Dine gpenings in Lhe gun come

partment deck.

The ammunition boxer oo i i il the alrplane, but the svall-

able space indicates ench 1. Loly 21 dn. by 15 in. and should

hold from 900 to 1000 rw Norrow doors, Two at each gide of

the lower comparbment . oo ; s snmunitlon boxes onto suitable shel-
ves within the lower o o .4 biesie lateh secures the box in place.
i

Thaye e e . o Lo dnnor boxes provided. Instead, provision

is made for cuioys oo b Lo soeienl into the spaces between the ammuni-
tion boxes, from wiiio ;- vrovedd when the boxes are withdravn for

relcading.

The blast tubos 0o . otool sheet formed to a circular shape.
The forward end of each il Lo oconform with the comtour of the nose
section. Tach tube is fixed o b onwetlon, end auvtomatically disengages
from its respective gun barrc. v 1o nood being moved forvard preparalory

to raising into open positioni.

Charging and Firing Svsten

The charging system is pnou o cleclrie, with an dntegral charging

cylinder leocated allt of esach rear pun ooy t. A flexible hose leads from the
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+ by

selenoid of the charping valve beneath the charging cylinder +o connect with
Jhoine OB slhuminum 21loy tube leading to the compressed air cylinders. The
Pour sire boliles are interconnected by & line leading to = charging connection,

3

vecacuea flush Into the nose skin, and arranged to permit refilling the bottlo:

¢ service tank during relosding of the guns. Each bottle is equipped witil
4 repulateor end valve which controls the airflow to cherging cylinders or chary
g conneetion.  The cylinders weigh empty, 1.49 kg. each, and are approximatel.
in. 0.D. and 10 in. overall length. The electrically controlled charging val. .
ure actuated from push-button switches in the pilot's cockpit. The firing sole
noids are attached to the guns, and operated by a conventional control-stick
trigger-switch.
CANNON

Cennon Installation

The two 20-millimeter Rheinmetall-Borsig cannons are located beneath the
pilot's floor, with their receivers extending beneath the navigator's cockpit
to positions below openings in the cockpit floor for loading. Stowage provisions
exist for two spare ammunitiorn drums of sbout 75 rounds each. The cannons stron.
gly resemble the original Swiss Osrlikon eannon from which they were developed.
Only the mounting fittings on barrel snd receiver appear to have been modified.

Both cannons --- together with their accessories of conpressed air cy-
linders, firing and air-valve solenoids, electric disconnect plugs, and air re-
charging coupling --- are installed in u cannen mount frume to form a complete,
independent assembly. The complete cannon unit is instolled in the airplane by
pessing through an opening in the botitom of the fuselage, and supported by
two 1-1/8 in. dismeter steel crogs-tubes fixed to the fuselage structure in po-
sitions immediestely fore and aft of the cannon mount. The aft cress-tube is
stationery, while the forward tubs may be rotated about 900 to engage notches

ooy e e B . ry 3y o] - [ N T - a el el iy grp ot b ol s sy o e
near the tube ends with twe hooks ot +the Torverd corners of and bhusg
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lock the cannon installation securely to the fuselage structure.

Cannon Mount

The frame forming the cannon mount consists of three longitudinal ex-
truded aluminum-alloy angles(1-1/8 % 1 1/0 » ¢/32), with the right side member
being reinforced by addition of & bent up =luminue o lleoy ongle (3/4 x 1-3/4 x 1/16)
to form a channel section. An exiruded sluwminum olloy angle (1-1/2 x 1-1/8 x 5/32)
forms the &ft cross member, while the Forward cross member counsists of a formed
aluminum-alloy "C" section (1-1/8 % 3-1/4 x 5/32) which serves as a support for
the left side cammon's front mounting post. The frame is covered by 1/16 in.
thick aluminum-alloy sheet, with necessery cut-outs for accomrcdation of ammu-
nition drums and the like. Another "C" section crogs-member supports the right-
side cannon's front mounting post. Both "C" sections are mounted on top of the
frame by three 1/4 in. diameter bolts passing through filler blocks =nd the
longitudinal members. Two fittings of .051 in. thick aluminum-alloy sheel are
riveted to the top of the frame eas supports for the rear mounting posts.

Simple channels of .032 in. thick aluminum alloy-sheet attech the com-
pressed air cylinder clomps to the top of the frame at left-front and right -
rear corners. Similaey clomncls corey the electric discosnect plugs, and simple

bent-up "Z" sections of 030 in. thick sluminum-alloy support the solenold-

valves of the charging control roclem. [ cionping of (0% in. thick aluminum-
alloy sheet.locates the air cyliyicr ofvoro oy connection in a position regis-

tering with a cut-out in the lower oiin. This charging connection is one half
of a quick-detachable coupling similsr o that used for railliroad air-brake
lines, and permits recharging'fram n saervice tank as compressor.

The cast steel mounting hecky ot the lorward end of the frame are fas-
tened to the ocuter longitudinal members by riveting through the vertical legs
of the angles, and using the three bolts attaching "C" section cross-members to

fagten the hooks to the horizontal leg of the angles. The similar mouwnting hooks
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st the aft end of the frame incorporate provisions for fore-and-aft edjustment.

and sve eocn secured to the aft ends of the longitudinal members by four 5/16

Mountling Posts

The front mounting posts for the cannons are atbtached to lugs on th

B

comnon berrel sleeves. The resr mounting posts incorperate provisions for lat
arel end vertical adjustment in one fitting. Lateral adjustment requires a
wrench, while vertical adjusitment is effected by means of a small hand wheel.
A check nut lccks the threaded shaft of the handwheel.
Bisst Tubzs

The Blros Sube. cre 09204, thick steel sheet formed into a 4 in.

dia. circulsy shepe. 4 striv 1-2/4 in, wide is welded the length of the tube 1o

close the seam. The [orwerd ends are profiled %o the fuselage contour. The aft

ends are formed inbto o roct

opon ot L

bottom, to relieve excessive

muzzle-blast pressures. . A Ponge bent Inglde cach bLube provision receives four

ilocking pins to secure the blast tube 4o the fuselage structure. The forward
part of esch tube rests on & channel-section cross-member in the bottom of the

=3

fugelage, and is stiached to that member by & threaded metal band.

Charging and Tiring Systen

cherging gystem ls pneumstic-slectric, whils the firing system is

receiver of sach can-

ir bottle. Both alr
Ve are interconnected Dy & line leading Yo the recharging coupling. Each
hotdia w@ig&%s 1.6 kg. empty, and measures 9-3/4 in. overall length and
GO in diameher.
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the airplane for comnnection to the electricsl syvetem after instelling the cannon

mount in the fuselage. Push-bution switches in ihe pllot's cockplt operate the
charging controls, and firing is controilod by o conventional controi-stick
trigger-switch.

Fach cannon has its firing coliornci:f ana rounds counter atboched to the
upper rear portion of the recelvor |

wowesns of the rear mounting luge.

R

The entire cannon assenbly, including all accessories, weighs 125 pounds
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General Description

L detachsble bomb-rack assembly capable of carrying two bombg of the
250 kg. cless is provided Tor the Messerschmitt MellO. This unit attaches to
the bottom of the fuselage in & location directly below the cennon receivers in
the navigator's cockpil, wilth cut-outs provided in the bomb-rack fairing to
clear shell cages ejieclod by the cannon.

It is apparent iiat this bomb-rack assembly is intended for use only
when MellO's are prosacd inio emergency service as light bombers, and is not
carried when the airplonc i used ag a fighter or bomber convoy.

The bomb-racl +.ooennly for the MellO comprises essentially a pair of
bomb-racks supporbed v oo Lransverse cross-members, which also attach the
entire unit to bthe siesiune siructure. A fairing, riveted to these cross

members, smootbly friri o racks to the underside of the fuselage. A menual

arm-and-safe centr: prov e, while bonb veleane and fusing are elecbri-
cally controlled.

Bomb Rack Installstion

A bomb rack fairing | v roe Pive piosen of drop-nammered alumi-
num-alloy sheet joined by vollop. 0 o vy sonenbly is stiffened by a

longitudinal member compriuing lue tooomion of 0.064, aluminum alloy placed

back-to-back, and reinforced wlong oo o adge by snother angle that varies

in depth to conform to the fairirg =onrcur. The outside edges of the feiring

are reinforced by drawn hat-secticn viilfeners of 0.040 aluminum alloy.

Bditor's Note: The technical dute for this portion of the Messerschmitt
snalysis was contiibubed by Mr. George O'Hare, Staff Engineer
in Charge of Armament Desiga, and M. H. Sonntag, Armement Engi-
neer, for the Enginecering and Development Dept. of Vuliee Alr-
craft, Inc.
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Box-section cross members formed from C.051 steel sheet support the
fore and aft ends of the bomb racks, and rivet to the fair ring assembly. Cle-
vis ends on the cross members provide attachment to lugs on the fuselage, and

. group of four lugs near sach end of the cross~members form saddles to bolt
to the bomb racks. Two outrigger fittings on the forward cross member sup-
port bell-cranks for connection of an crmoand aofe control cable leading to
the navigator's cockpit. Disconnect receptecles for the electrical conduit
are mounted on the aft end of the longitudinal Iairing stiffener, and are readi-
ly accessible from the navige’or's cockpit.

Streamlined bomb gway braces are mounted directly on both sides of each
bemb rack.

The entire unit is attached to the fuselage by four 3/8 in. bolts pass-
ing through clevis fittings welded to the ends of ezch cross member and lugs
bolted to the sides of the Tuselage. The clevis fittings are weld assemblies
formed from two bent-up angles of 3/16 in. steel sheet. The entire bomb rack
unit is separated from the cannon assembly by a hinged cover plate of .041
dural sheet, provided with cutouts for passage of ejected shells.

Bomb Rack Construction

Each bomb rack is a rectangular box, 35 in. long, 5-1/4 in. wide, ang
4 in. hight, mede from 1/4 in. thick aluminum alloy sheet, and containing all
s p4 ’

the mechanism necessary for londing, arming and releass. The bomb relesse con-—

trol arm is & conventional ratehet, which is woved into position for loading
by a geared quadrant. This quadrant is rolated [y o lever located on the gide

of the bomb rack, and sccessible through o hand hole in the fairing. Electri-
cal connections inside the bomb rack are mounted on a spring loaded gwivel ar-

rangement for sasy accessibility. 411 bomb carrying parts on the inside of

the bomb rack housi ng, including the control mechenism, are made of steel.
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Emergency Landing Tlares

So far as can be vnceriained the flare controls ol the MellQ are simi-
lar to American practice, comprising T-hendles with bayonet type locks, and
control cables. The ilarve handleg, located on the conbrel-panel sbeil at
the right side of the pilot's seat, have about a two-inch stroke. and are con-
nected to 1/16 i 1in. [lexible steel cables. These cables extend aft to de-
flecting pulleys on the {usclage bulkhead just behind the plleot’s seat, and
there cross over to pulleys on the left side of the fuselage. The cables then

extend aft end slightly outb board to pass through the lef't side of the fuse-

lage at & fairlead immediately forward of the main spar and slightly below the

i

wing upper skin, to terminate in turnbuckle eyes for connection to the flare

rack ceble ends. The flare racks were not received with the airplane, nor

were there installation provisions evident, and it 1s surmised that the racks

R

were located between the wing-root and fuselage; and werc either installed

A

very infrequenily or had been rewoved by n decleon change btoking effect near

this airplane's dute of menufnciure, wib bhe resull that the flare control

ingtallation was nob romoved antil o iobap point in the production schedule.
I

Ty

o

R
LS :@wm&w‘&

The pulleys uvoed ore nbonl 101/8 in. dia., snd mede of aluminum al-

loy. Ceble fasbenings are uinmple cizmps, rether than swaged or spliced jointe.

Yery'a Pigtol

. : - . \ P . .
| The Very pistel ammuniiion is stowed 1n the flocr of the gunner's cock-
E2

=

& s , s s L e - . L

%5 pit, near the right rear corner, in the form of a 6-round clip refillable only
= e : - e s s J— -

2 ’

%? Editorfs Note: The terHLC For this po rtion of the Messerschmiti

: anslysis wag centributed by Mr. R. E. Krusger, Group Lesder

- in Chawwe c¢ Fwsm” qﬁi burni%hmngs D@vigﬁ fgf the Engineer-
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from outside the fuselage. The ammunition clips are ! Yo a cover plats as-

sembly secured by iwo pins to an copening in lLhe fuselsge skin. A spring-loaded

r's cockpit floor providss cccegs to the ammunition elips.

@

door in the gunn

L

The gunnasr may elther Ffire the s pistol aft over the tall sur-

faces or use a blast-tube in the right oide of v fuselage, midway between
gurner's and navigebor's cockpits. This 1+ oo ig pointed aft, down, and
outboard Lo clear the taill surfeces, =ad ' - i 1 1/4 in. diz. with & split

end for clemping to the pistol ould sither be stowed by

clamping to the blast tube, or be o o1 1 b ler.
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EDITOR'S NOTE

Subsequent to the preparation of Vultee's analysis of the
MellO, there were received several technical reports cov-
ering the more interesting accessory components of this

airplane. These were prepared by certain firms which had
requested the loan of various accessories for the purpose
of engineering investigation, and their reports are repro-

duced in the appendices following.
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FLOJTOT UIULE: AGNETO, DESIGNS OTHER THAN BG

SUB-TITLE:  GERMAN BOSCH MAGNETO ON MERCEDES-BENZ ENGINE

b

Description:

Thig mapgneto is a flange-mounted dual ignition, twelve cy-
linder machlne. 1ie overall dimensions are 11" in length by 11" x 6".
It comsists of ive main castings and a roter assembly. The castings
are: 1) the nule 5o housing; 2) the housing cover equipped with
automatic advince; ) the breaker compartment; 40 sealing cover; 5) a
breaker covear.
Operation:

The wmeymelo is of unique design in that it has no gears
for spark «disiriiut on, but obtains twelve double sparks every revo-
ution of tie votow. 1L Lherefore runs half-engine speed. Twelve

magnetic brechs nre cltained each revolution by having four pole shoe

lngerts In the bousings snd slx mopnetic inductors on the rotor. The
. , N . L b N ,
pole chorns cre svveotrior Ty snoced 90 ayoet around the rotor tunnel.

The inducter: w0 B oobon e syaoed 607 spart.  The diagram shows
how magnetic rovers:io oo cuesn 17 nn oo pesult of this construction.
S operer teevein clockwise, looking down at the diagram
as indicated. A4 « ;urtionlar inciant, opposite rotor inducters #1 and
#4, engage with pole o on 4 onnd O, fagnet #1 then sends flux through
pole shoe D to coll coro 41 i the direction shown. The return to the
south pole is made through role shoe A and the rotor. Similarly magnet
#2 sends flux through the robtor inductors pole shoe C and thence to the
#2 coil core in the diveclion shown, the return being mede through pole

shoe B.
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c
When the rotor has turned 30 , inductors #1 and #/ have passed by pole
shoes A and C, and nov inductors #2 and 5 completely engage with pole shoes

% and D. Magnet #1 now sends its flux through these rotor inductors to pole

ashoe B and thence to coil core #2, but now in the opposite direction to that
in which megnet #2 sent its flux through the sume core just previously. In
other words, & reversal of flux occurs. Similerly mapgnet #2 now sends its
flux pole shoe A to coil core #1, (again in the opposite direction) the re~
turn being made through pole shoe D and the roter inductors.

Note thalt in this design the width of pole shiees and rotor inductors

cannot be made the same ag the gpacings bebwsern pole shoes and inductors,

sg in more conventional designs. I, for example, Tesving the pole shoes

i

. \ , SRR e ) .
as they are, the rotor inductors had been mede 907 wide instead of 18~ (their

actual width), the magneto could not Muelion, sines reversal of flux would
have gtarted in s given coil cere long before the & gap had been reached.
In fact there would be no E gop. As it is, when inductors #1 and #4 move
off pole shoes A and C to give the E gap, inductors 2 and 5 just start to
engage pole shoes B and D for the reversal and "sgcavenging" of flux.

The fact that each spark must be cbtained in BOO of rotation is some-
what of a disadvantage. The Bosch magneto has certein mechanical advantages

in the elimination of distributer gears and the conseguent case of assembly,

but 1t obtains these advantages by & secrifice in electrical generation.
: . R s O : o . -
The primary current is bullt up in 207 of the 30 allowable, and then the

'y - . - B Y . » ® 0 'Y s
spark in the secondary must dissipste itseif in the remaining 10 . This is

guite a short interval. Fortunately for DBosch, the muximum speed of rotation
is low, since engine speed is arcund 2500 and therefore magneto speed need

only be 1250 RPM. If the magneto had to run at high speesds, 1t would give very
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poor performance, if it operated ot all. In foct, in order to eliminate the ad-

verse effects that would result f{rem hovivg the bresker contects close while there

is 8till current in the secondary clroult, Booch must use 3 condenser in geries

Py

with the secondary winding. This is incorporated right in the coil.

Magnets:

The megnets are stotionsry. This.cuts down the weight of the robor consider-
ably, since otherwise the rotor would have to be much larger in diameter to ac-
comodate the magnets. DBecsuse of the short time for build-up of primary current,
the magnets sre quite heavy. Each one is made up of five bar magnets totalliing
1-31/32" in width, each 1-5/32" high and 1-1/8" thick. The area of cross—sec-
tion is therefore 2.214 sg. inches for each magnet. Bosch has made full use of
the advantages of Alnico (or something similar) by having & very short magnet
with large cross-sectional area. This enables a magnet of high coercive force
to support a maximum {lux.

Rotor Tunnel:

This is 2" in diameler. The width of laminustions on the ends of the pole
PR s oo - 9] . .
shoes, is 21/64" which corresponds to 18.8 . The laminations completely cover
the magnet width, being 1 31707 wlong the sheft. The end laminations are 5/64"

thick, the rest .018" thick. y cotting laminations properly the pole shoes

vhobhe coll seat. The width at this seat

taper down from 1-31/32" to 15/100

is 7/16". The pole shoes are complebeiy currounded by the cosbing metul on

three sides up to the coll seat. UThe riveis cre neb visible anywhere.
Rotor:

From the end of the shaft to the end of the 2im the rotor assembly measures
8-1/4". This does not include the sepsrable advence mechanism which lengthens
T8

the rotating part to 11'". In order on the shaft, starting from the bresker end,

we have the cam, the bresker-end ball wesring, the high ftenslion collector ring
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and distributor for No. 2 coil, the high tension collector ring and distributor
for Ne. L coil, the rotor inductor laminations, drive-end ball bearing and the

helical spline for the advance mechanism.

This is a six lobe cam of laminzted horn fibre, 1-1/32" in diameter and 3/4"
wide. 1Lt presses against a shoulder on the shaft and is held on with a special
lock-nut. The lobes of the cam are wide (similsr to the B G) since the lobe has
had to keep one bresker open vwhile the second one for the same coil (there are
two breskers per coil in this magneto) is closed. The depression between lobes
keeps a set of contacts closed for 200“_ The lobe proper keeps these contacts
open for AOOm During lOO of this 400 the secondary spark is occurring due to
this breaker. During the next BOO the gccond breaker is in operation.

The bearings are of the separable type, the inner race snd the ball retain-
er coming off with the shaft, the outer race remasining in the housing. The ball
retainers are brass. At the drive end the bearing has an 0.D. of 1-23/32" and
an I.D. of 15/16". For this size bearing the width of bearing is unusually nar-
row, being 9/32". The retainer has 17 balls. No particulsr pains are taken for
sealing against oil or grease leakage, an ordinary leather seal and spring steel
thrust washer being used. The bresaker-end bearing is smaller, being 1-13/64"
0.Dv The retainer has 11 balls. Here toc, the width of bearing along the shaf't
1 small. Due to the low speed of operation, the bearings were made small in
this dimension. This saved length overall (1/2" total) and the corresponding
welght of housing, shaft, stc.

High Tension Collectors and Digtributors:

These are made of bakelite. The end of the brass slectrode is on a radius

-

W s £ 5 . . . 4 . - . . .
of 1-37/6/%, We do not have the distributer Blocks, hut this would indicabe tha!
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the electrodes in ithe blocks would be on a 3-3/16" diameter with & spacing be-
tween electrode centers ol 835",

The Distributor for Ko. 2 coll has a brass pin driven through the bakelite
and into the electrods nwenr its end. This provides a sufety gap of 5/8" from
the pin to the flst sninen of the rear of the breaker housing.

The brush vlin invo of brass are 9/32" wide. Protection against flash-
over to ground ig ;o videsl in the form of spool rims or aprons either side of
the brass rings. 0 oo ring is 1-23/32" in diameter. The spocl ends are

2-1/32" dn Jiraw ter o ol Dop the one next to the rotor laminations, at which

point the nich i oo tirede would be nearest ground. Here the spool rim
is 2-15/32% in dicmetor,
The electrode gy o 004" wide by 1/16% thick.

Rotor Induction:

There are siz iwl: o 152" wide and 1-31/32" long. The individual
inductor spans an supfc 0 0.0 e end laminations are 5/64" thick, the
others .018", These o o0 Pt ond beld bight spainst shoulders
and end washers.

Helical Spline:

This has three spiincu, o0 [ 77 o ca lor o6 0g/3M, The

spline is 25/32" long on the oi- . ol e anpeg

connected with the advance love

This being a dusl megnelto, 15 o o ~oiin. They are tape-wound for fi-

nish and varnished. The coil core in . 7w " long and 29/64" high, giving a

cross-sectional area of .382" gu. incheo. The coil seat is 7/16" long ab each
? end. In additon the bottom I: Chiens sre cut awey for 7/32" of the height to
?- elve added sgsting.
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The serew slote decrease the seating area by 9/32" x 13/64".
Tre el faminetions are 1/i6" thick, the rest .018".
crowory winding consists of an even number of layers, probably 6 layers
o N epnmel wire, since its resistance is .52 ohms. Great care is exercised in
P oul the starting lead which fits into a groove in the end lamination and
soldered for 1/4" along this greove. The end of the primary is soldered o a
Gy riveted to the terminel lead. The primary lead is then taken off this lug
and goeg to the grounding device.

The secendary could not be measured sccurately because it has a series con-
denser wound over it. This condenser connects to a brush terminal 3/8" deep which
probably has extensions by means of which it is taped down inside the coil. A bras.
Prush and spring are inserted in the brush holder at the side of the coil winding,
the last spring turn being spread to hold the brush in pluace.

The brush fits into 2 high tension connector of bakelite, which itself has =
carbon brush riding on the slip ring of the high tension collector. The spacing
to ground from the high tension peints, is quite large, the minimum being 1-3/16"
from the comnector brush insert to one of the two holding screws used to hold sach
connector to the frame.

The coil terminal heads are made of ,074" bakelized paper-base material.

They are ellipses with axes of 2-21/32" and 2-9/32".

The winding space for the coil proper is 1-15/16".
Hreakers:

There are four breakers in all, two for each coil. One of each set operate:n
simultaneously with the opposite one of the other set. The contacts sre alter-
nately tungsten and platinum on the bars, and platinum and tungsten on the brac
kets, so that each bresker has one tungsten snd one platinum contact. Evident-

=

1y this is an attempt to aveid pitting. Xech bresksr is subjected to wni-dir
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tional current. The breaker bar is in reality a shaped steel riveted to a ml-

. o rta plece. A contact is riveted ot one end of this spring, the other one being
surved and serving as the tollover of the cam. The micerta serves as s bearing

o o brass pivet 7/32" in dirmeter. A felt wick fits din a procove in the micarta
i 3

tlower. A sealed oil hole can be seen in the end of

ok of the spring
the micarta, lending Lo " plveb. No attempt is made to have contuclt between

“lie lubrication takes place by crespage along the

'

the oil wick and the
steel followerer. i ~volds excessive oll pumping at the cam.
A washer nnd e ci.p in through the pivot, hold each bar down in place.

o be adjusted for contact gap. It is held down by

The bracketl ¢

a screw working in » 00 o . bracket. Another screw is an eccentric mount-

ed in a metal piece Lol . i rworves as bresker plate. This plate can be
shifted as a whole to crni ~ ionronizing of one breaker with ancther. Here
again there are two screw: workine in slotted holes. Two detents punched in
the bresker plate fit in « yroowo Lo control the movement of the plate.

The followers are wp fetotwe run at the fromt of the cam, two

at the back, with & slight overisy o cven up wear.
The conbacts are 187" in iesosr, Urring btension ig about 24 ozs.

Advance Mechanlsmg

Advwance isg effected by the meid Sk it sdong o belienl ep
line. This changes the relaticn o 1 iy propnr L
without affecting E gap. A lever it foroash oo tue micarta
rlocks mounted on lever arms connooio | o e ieger . nane vlocks move
in & groove ¢ul in a puiléy‘ The 1 , cionnd fortvh.  The
pulley or coupling has & ball benri: 0 01 oo oonoite bhe oubside To gtand

driven by the hellical

@
o
o
ot
&
fa
(6]
[os]

gtill while the insid
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Primary Gondensers:

These are paper-wound, in round cans, and measure .27 afds.

Ventbillations

There are no ventillator screens used, as in the Scintills magneto. But
there are holes drilled at various points in the housing and covered with a
crude sort of small cup which is held on by folding over two tabs fitting thr-
ough holes much like a paper fastener. There are three ventilators for tﬁe

bresker space, eight for the high tension space (found in the sealing cover

which forms half of the cable outlets) snd four at the drive end of the shaft,
near the advance mechanism.

Advance Angle:

This is 250 on the rotor shaft. As the rotor shaft revolves half crankshaft

0
speed, the corresponding crankshaft angle is 50 .

Weight:

The magneto assembly, minus distribution blocks, weights 14 1lbs. 1.5 ozs.

Nameplate Data:

ZM12BEL
Geralt 9-4040C
Werk Nr. 143004

Photographs:

To the original of this report are attached ten photogfaphs of the Bosch
magneto.

Voltage Curve:n

& curve was taken of voltage ocutput of the magneto at various rotor speeds

by determining the length of Navy gap the machine would fire steadily at each

speed. This curve shows that the Bosch magnetc does as well as the Scintills

megneto. It would probably meet Navy Specs. concerning voltage, although we
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wore nobt able to run a test under load conditions. The magneto ran well at
higher speeds than would be expected from the design, but the contacts flashed
nadly at 3000 R.P.M. The output began to drop off at 2800 R.P.M. but it levell-

ad off first at 1500 R.P.M.

L. Jacobs
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fppendix 1T

REPORT COVERING GERMAN SHIZLDED
TGNITTON HARNESS

]

This harness was received by cur iloboriatory in very poor coadition.

of the spark plug leads were cut swd o

The manifold was very badly

bhig harness,

inability to make a complc

both from the sitondpolnt ol obscrvetion, oplolon, ono Loohnlonl ded

v o

The harness ig desigred for an in-line engine and 1

e

leads projecting from a metel manifold. The menifeld joins ol un olhow Lo &

flexible antler pipe carrying the wires back to the magneto. This con

can be readily seen by referring to the accompanying vhotograph. The

1bs. {seven and

z\;..d

assenbly as received by our laboratory welghed spproximetely %
one half pounds). The wires were pulled through the antler pips and manifold
to their individual spark plug ! wds, then through the leads sround the elbow
and into a ceramic terminzl the emtirs length of the harness.

..

Dimensionally, the manifold was approximately 1 3/16" in diametsr and 32
in length. The distance around the slbow at the end of the manifold was spproxwi-
mately 9%". The distonce from the elbow to the end of the antler pips was 297,

The sntlsr plpe was 1 1L/32" in diameter under the proteciive covering of Il

CL’
;.,

ther. The spark plug londs were spaced along the manifold at intervals of 4

and 32" alternutoly. lHowvever, at the end of the manifold two

were brought out. UYols conglruction cen be reedily followed by referring to the
accoupanying photograph. The average length of the sperk plug lesds which were

left intact on the harncss oo recelived was approximately &7, with the excepticon

Leda
¢

of the one long lead brought oub at the end of the menifeold

w

length. From a dimensional s’ ndpeint, this harness might

with the harnesses used in Awericun vracthi

411 rigid metal ports such as the zanifold, elbows, connsctions
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¢ individual spark plut leads, wsre made of cadmium plated

wiil thickness of this brass ran between .022% and L0254,

po

PLowing interapting to note that in no case were threads used to join various
Siobhon ©othe mundfold together as is customary American practice. Where s
suint sxinted, such as between the elbow and manifold, the sections were sleev-

sl Lorntiar with a clamp over the sleeve section. In order to insure tightness
vismp bolt, a simple safety wire was passed through a hole in the bolt head.

sntler pipe leading from the elbow to the magneto was composed of flex-

le velsl fubing with no apparent attempt to insure any water or air tightness.
iy Plexible metal tubing was coversd with an aluminum braid and analysis of this
B indicated that it weg applied by a 24 carrier breider using wire approxi-

sniely L0075" in diameter. The weave of this braid was not the American practice

of basket weaving (one over, one under; but employed a two cver, twc under weave
shich can be more readily hendled st higher production speeds. Rach carrier of
this 24 carrier braid conteined 16 wireg, thereby resulting in a loose braid.
sueh practice always permits the braiding machine to run at its maximum speed as
far as feet per minute production is concerned. This practice is far inferier
the accépted American standards.

ALL fittings for spark plug leads were soldered to the manifiold, as small
projections to which were attached ﬁhe braiding shield for the individual leads.

The spark plug leads (between the manifold and elbow) were protected only by
the aluminum wire braid. This braid was produced on a 24 carrier machine using
G Lo over, two under weave, having seven ends of .0075" wire per carrier. The
broid was merely clamped to a small boss protruding from the manifold at one end
and Lo another boss at the end of +the spark plug elbew. There was no attempt
made to solder the braid wires in place. The small clamp was held tight by a
bolt having a safety wire through its hesd. The entire assenbly showed evidence

of low cost in producticn and high speed assembly. No particular attention was
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given to water-tightness and eir-tightness. All places where the wire passed
through the manifold or through the elbow, a small synthetic rubber grommet was
applied around the wire to protect it against cutting of.the lacguer covering
or insulation by rough parts in the metal.

One sample of wire removed from the assembly was subjected to an elec-
trical test. It was prepared by wrapping eround & three-quarter inch diameter
steel mandrel using a ten pound dead weight for a wrapping tension. The indi-
vidual turns around the mandrel were spaced 1/4" apart and the ends of the
wire were securely tied to the mandrel with suitable cords. Over the wrapped
wire was placed a metal shield extending for the entire length of the wrapping.
The metal shield and metal mandrel were both grounded and high voltage was ap-
plied to the ignition wire. At the start of this test 15,000 volts were applied
for a period of three hours. The wire in this case showed no evidence of di-
stress but strong corona glow was noted over the entire surface. The voltage
was then raised to 25, 000 volts and held for thirty minutes with no apparent
failure. The corona glow was increased to a rather excessive amount. At the

end of this time the voltoge was very slowly ralsed until 31,000 volis was

resched . At 31,000 voite there was an tmmediste failure of the insulation on
the outside of the bent wire, Aftsy the wire had failed in this particular
test the outer braid amd lnciier covering wos removed and the insulation was ex-
amined for corona cutting. There wes no visible evidence of cut rubber.

A sample of wire wng removed from the harness and sent to the Collyer In-
sulated Wire Company, Pawtucket, Bhode Island, for detailed analysis of the

rubber. The following is a report from the Collyer Insulated Wire Company.

Ignition Wire from German Plane

Construction:

1. 19 x .010" tinned copper.
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2. Insulation of 3 layers, apparently strip-insulated.
Inner layer, pink, approx. .025" thick

Middle layer, black, approx. .050" thiek

Quter leyer, pink, approx. .025" thick

Diameter over insulstion .245"

3. Close braid, 25 picks per inch, 5 ends per inch, 5 ends per strand about
#50 or #60, 2 ply, yaern probably mercerized or glazed cotton.

4. Braid is coated with glossy black lacquer.
Diameter overall .275%.

Ozone Resisgtance Test:

The insulation was exposed to a mixture of ozone and air containing approx-

imately .015% ozone by volume.
(2) In one cass, the braid was removed and the insulated wire was bent a-
round a mandrel. When bent around 2 times its own diameter, there

was no ozone cutting, in a half hour exposure. When bent around its

own diameter, the insulation cut badly within the first three minutes.
(b) In another test, the middle and outer layers of insulation were sepa-

rated, samples were buffed smooth, then were exposed to ozone while

stretched approximately 12%. Comparisons were made with standard

rubber compounds, czone resisting rubber, and rubber-like synthetics.

In this test, the Germen insulation cracks within 4 to 6 minutes
which ig the same as standard insulations made from natural rubber.
It shows no ozone resistance such as would be expected if it were a
special ozone-resisting rubber or synthetic compound.

0il Resistance:

Specimens of each layer of the German insulation were sosked for 10 days

in #20 W motor oil at 70%° C. 4n comparison with standard rubber insulation

kS

and two different synthetics.
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The German insulation swelled and partislly dicintegrated in the same
manner as standard rubber, whereas the cvribbeliss were practically un-
affected.

‘nalysis:
Vo complete chemical analysis of the Gerooo itoolution was made. Ash
and specific graviiy are as follows:

Outer layer (pink) T
i b deavity 2014

Middle layer (black; S
po i revity 1.58

We estimate thal the outer layer contsin [RRITRI ubner and the middle
layer about 30-40%.

Physical Tests:

Middle layer (blaci,
Tensile strength unaged : N T ¥ o
Flongation "
Sat
Tensile strength after
4 days in air oven at 70°C...:1v s in, (19.6% loss)
Elongation after aging L4 toss)
Quter layer (pink)
Tenslle strength unaged (R R AT
Elongstion
Set

Tensile strength after

4 days in air oven at 70 i P d (A0 loss)

Elongation after aging P B RIS

There was not enough materin! o 0 e test, but samples

P P - . 4y JEN AN e N . H H frgre g oy oop a -
of both layers which had poocion i Lo Sirelol s during one of the other
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tests were exposed to 300# oxygen at 70°C for 4 days and then examined visu-
ally. There was no visible effect of the oxygen, no brittleness and no tacki-
Conclusions:
The insulation on this wire appears to be made of natural rubber. No tests
were made which would prove this conclusively, but the tests are indicatlve
of natural rubber, or of one of the Buna type synthetics so similar chemi--
cally to natural rubber that ozone and oll resistance are equivalent. The
inner layer was too small to use for any tests by itself. The outer layer
is a heavily loaded compound, probably intended to give corona resistance
better. than the middle layer. It probably gives slight protecticn,‘but we
believe that the lacquered braid must be depended upon for the chief pro-
tection from corona effects.
The outer layer is a very poor aging compound. The middle layer ages fairly

well, although not equal to similur rubber compounds used in American practice.

In concluding it may be seid that the Germsn practice is apparently to rely
entirely upon the insulation of the wire for both mechanical and electrical pro-
tection. The shielding in no way protects the wire either against vibration with-
in the metallic conduit or the attack of moisture, gascline, oil, or other detri-
mental elements. The lacguer covering is the mainstay of the entire insulation
in this particular case. The shielding harness itself provides very little me-

chanical protection for the proeduct and serves only as an electrical shield.

H. M. Wilkoff
Project Engineer, Harness Division
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APPENDIX 3

14MM GERMAN BOSCH
SHIELDED SPARK PLUG

EL}FQ‘;‘,)CEF(H;E E‘}y
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REPORT COVERING 1/ mm. GERMAN BOSCH SHIELDED

SPARK PLUG

This plug is of the ordinary two plece type of congtruction consisting of
an insulator having a shoulder of sufficient diameter to accomodate an upper
and lower copper gasket which are compressed during the assembly of the shell
and shielding gland nut to produce a gas tight seal.

Dimensionally this plug has & 14 mm. external thread (.551) x 1.125mm.
pitch and & 12mm. (.472) reach, 22mm.({.%66) hex on the shell and a 19mm. (.748)
hex on the gland nut. The dimension from the engine gasket seat to the top of
the plug measures 2 1/16" as compared to 2%” now in use in this country. The
upper flashover measures 25/32" as compared to 1" for American plugs while the
lower flashover in the shielding barrel is 21/32" which compares tc some domes-
tic plugs made in this country.

The upper thread for the shielding elbow is 18mm. (.708) in diameter x ap-
proximately lmm. pitch.

It is of interest to note that the ceramic sleeve extends to a point flush
with the top of the shielding tube and is permamently cemented into place. This
type of construction can be used due to the fact that the ceramic sleeve can be
made much thicker nnd conpequently stronger inasmuch as the elbow thread is lar-

0

ger in diametsr ag comporad

bo fwmerican-made plugs. This additional wall thick-
ness makes possible the peprmasiont cemenling of the sleeve, sealing the clearance
between the 0.D. of the cersmic vloove and Lhe LD, of bthe shielding tube and
less subject Yo cracking from engine vibration plus the additional dielectric
strength.

The insuletor of the subject plug has been given a gqualitative spectro-

graphic analysis and a petrographic examination under 990 magnifications. This

report shows thet the insulator consists of an alumina oxide base with the re-
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meining constituents as follows: -

Alumina Oxide Major —- (Above 5%)
Silicon Minor -- (Minus 5%)
Magnesium Minor -~ (Minus 5%)
Manganese Fractions of 1%
Calcium Fractiong of 1%
Iron Fractions of 1%

Patrogrephic examination of the thin sectloned porcelain under 990 magni-
fications revealed coarse grained alumina of irreguler shape. The average grain
gize is .025" t& .30" millimeter in size. Some of the larger grains which are
fairly evenly distributed throughout the mass measure as much as .075 millimeters.
The alumina grains are bonded by interstitial glass.

From the spectrographic and petrographic analysis one may conclude that the
original body mix prior to firing consisted of not tess than 90% alumina oxide
and accessory fluxes such as talc, magnesia, and titsnium dioxide included to
promote grain growth, bond and alumina into a vitreous mass, and increase the
dielectric strength.‘ This porcelain wag probably firsd to approximately 300°F.

The hot dielectric value (te value) was much lower for this insulator than
one would expect, viz: IBZOOF compared to 1795OF oy the English Lodge "Sintox",
136OOF for AC LS85, 16200F for dhampion C345, and IV%Gm? for the ceramic insula-
tors which B G is now experimenting with. The low te velue for this insulator
could be accounted for if it were possible to know the degree of purity of the
base material'(aiumina oxide), ag certain grades contain relatively high amounts
of impurities which turn into glass during the firing cycle and autometically
lover ﬁhe te value.

The cement used to seal the center electrode and the ceramic tube into
place conslsted mostly of 325 mesh alumina plus a clay fraction and sodium

glicate to "Flow' and "get" the cement.
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The center electrode consists of a miid steel threaded shank on to which
is butt welded a nickel alloy extension spprovimetely 11/16", long the whole

trode in the insulator and

assembly being slightly tapered to centor fhe o

force out the air voids in the cement dnrio, . cononting operation. This
is o good feature but relatively cyvporiive Fron o igh preoduction point of view.
The ground electrode also consioche o o o impe ) siloy snd b cocwred into the

shell by a crimping opor-tion.

This plug hug o novel sup peonetbry, and Frow the physicenl dimensions and
the electrode nlloye used 1t lg assumed that the gap life would be relatively
short as compared to domestic plugs with their large center electrodes consist-
ing of tungoten slloys, and copper filled nickel electrodes. No tests for
sparking voltages were made due to the padly corroded conditon of the gaps mak-
ing it impossible to properly reset them for a test of this kind. However, the
short flashovers allowed in the design of this plug plus the smallness of the
ground electode prongs give strength to the belief that this unit has a low
sparking voltage both hot and cold.

This plug showed up very well on engine tesis conducted in a singls cy-
linder coperative fuel research engine of 25 cu. in. displacement, injected fuel
and supercharged. Shown on the attached graphs and tesl sheets are data perti-
nent to the subject plug relative to its performance. It is of interest to note

that this plug has a firing +tip or insulator exposure of 7/16" as compared to

/4" and 3/8" for most American 1Smm. ugs. However, the smaller thread size
{1/mm) and the high surface to volume ration accounts for the high T.M.E.P
which this plug shows.

ONCLUSION:

The subject spark plug is a well- designed and engineered unit, very light

oweight, weighing 65.2 grams as compared to 100.9 grams for an ACLSS5 =nd has

Eay
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original assembly and simple field servicing.

The design of this unit shows that every consideration has been given to

use ceramics at their best, notably among these features is the ceramic shield-

ing slieeve which has been designed to produce the best results regardless of

physical dimensions, and other units have been changed to faver the use of cer-

amics which are necessary if a properly designed and durable plug is to be made.

E. Mosthaf

Ceramic Division
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B. G. CORPORATION TEST SHEET NCO.
C. F. R, Single Cvl. Test Engine

25 Cu. In. Displacement

2000 R. P. M. , 83 Octane Fuel

Fuel Injection

German Bosch 14 m.m. ceramic spark

plug to be rated.

C. R. 6.63 C. R. Setting .300"
DATE | - CONDUCTED BY ABS
Boost | Hrake| Revs. | Spec. | 1.M.E.P.]| Micro.
Time Deton. | " Hg.| Lead | I# Fuel |Fuel Set
" Cons.
1 10/15/41 o Mi
2 2:30 e Stard | ngine .
32142 Med. »67” 25.3 7.2 4530 . 408 256 615
L 2355 Shut  {Down
5 .
¢ 10/16/41
7 10:15 7 Start {Engine
8» 10:40 Heavy 69" 26.0 7.0 2720 665 260 .515
9 10:55 MHeavy | 70" + |29.2 6.8 2175 765 285 450
10 11:05 . Shut  |Down
Remarks

There was nec leakage on either spark plug end after the run one leaked 2 7/8 c.c./

min. and the other 4 c.c./min. @ 150 1bs./sq.in. All leskage was past the gasket

seal on the shouldsr of the ceramic insulator.

When put into pre-ignition the load falls off immediately, snd when boost is low-

ered will not instantly recover.
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Conducted by "Rockbestos Products Corp.",
New Haven, Conn. U. S. A.

In general, the>workmanship and construction of all types of wires re-
ceived showed excellent workmanship and high grade muterinl. The general de-
seription of the various composite parts is as follows:

In all cases a bare copper conductor was used usually of [ltexible strand either
bunched or concentric as is outlined under each type of wire described.

In all cases over the above conductor there was a blue cellulosic material tape
used as & separator as well as a protection of the thin wall rubber used over
it. This material is very similar to our cellophane tape and is apparently a
viscose type of cellulcsic material and smells like cotton when burning.

The primary dielectric consisted in most cases of two walls of a rubber compound
applied by the strip process and consisted of many color combinzations; in most
cases, two different colored strips being used for a given wall. The thickness
of these walls varied for the different Lypes of cables as given in the descrip-
tion of each specimen examined. This rubber was very stretchy and apparently
was equivalent if not a little superior Lo our standard 30% Hevea rubber.

In many szmples a fibrous braid wag included and was of a cotton type of yarn
although in most cases wes go well improgmanted that its definite identity could
not be ascertained. In general, the compound used in impregnating the fibrous
covering was similar to a lacguer but complebely impregnated the individual
yarns as well as coulting the surloce of the {ibrous covering. We are not able
to ascertain the exuct type «f lacouer nor vers we able Lo extract the material
from the fibrous braid.

In some samples a cambric taps wos rpelied with varyving positive lays as an ac-
tual jacket to the cable. In other namples o tubed sheath of rubber was used as

a jacket to protect the finished cable. lUnder the jacket, cotton threads were
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uead as apparent manufacturers' marker and in most cases consisted of a red, green.
and yellow cotton thread twisted together.

£11 csbles had an aluminum armor of the basket weave type over the completed

(me of the samples had a terminal on it as follows: Terminal end of cable was
protected by a sleeve consisting of 1" long cotton braided lacquered tube held
in riace by numbered aluminum band which also locked free end of aluminum armor.

slesve was 024" thick and was located betwesn terminael end of cable and

and of armor and over the regular braid coat. The conductor wss bonded at ter-
minal snd by means of a tinned copper sleeve approximately 3/4" long crimped
over the conductor end flattened somvhat for fastening to the terminal.

Due to the short samples, extensive dielectric and ageing tests could not be
made. However, dielectric breaks were taken on some samples with very uniform
results. The small sized conductors such as used in specimen marked "48-M",
the breskdown was 11,000, 14,000, 11,000, 13,000, and 12,000 volts vwhereas the
large conductor such as the specimen #2, the voltage breakdown was 18,000 and
18,500,

The materials apparently were limited to & meximum temperature in the neighbor-
hood of 60 deg. C., according %o our methods of rating and it was found that

in general the thin strips used in insulating were not well vulcanized together,
i.e., the two halves would pull apart readily. However, we found no evidence
of voltages breskdowns alt these points nor do we believe that under water or

molature conditions these rubber walls would ghow to be defechive.

DETAILED EXAMINATION OF SPECIMENS

SPECIMEN NO. 1 Msrked "91-E" - This was an armored 3-conductor cable, red, yellow,

and black. The conductor was approximately No. 18 AWG - 1512 C.M.,

and consgisted of 42 strands of 006" bere copper, bunch gtranding. The conductor
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was covered with the biue cellulosic muterial and had a dielectric of .050" over

the tape.

Next was applied two layers of rubber by the application of four strips of rubber,
i

a total thickness of approximately !4 = lu, so that the O.D. of the conductor

over the rubber was .080". One cordoior was insulated with an inner strip of

white rubber coversd with red rubi»o: Lhe second conductor, an inner wall of

white and an outer wall of bluck tnird conductor, an inner wall of black

e«
*

rubber and an outer wall of white rii: . These three conductors were cabled

together and a black rubber shonis i over the conductors. Under the sheath

were two smell cotton marier thvooio. o 0.D. over the rubber sheath was .275".
Next was applied a fibrous oob! . very close lay, vhich was thoroughly
impregnated and coated fonviio ot the 0.D. over the lacquer coat being
L2987, then overall o ol pre (o weave with a final 0.D. of .338%,
SPECIMEN NOQ.7 Marwod "o 20 : ‘ somple which had the terminal end
previedsiy e oo o 0 L o conductor was approximately No. 7
AWG - 20356 C.M., and consisted o o0 e gtranding of 19 strands of .032".
The 0.D. of the conducter was .1 @M. . ¢ copductor was the blue trans-
parent tape approximately 2 milp i M wide and wrapped so that three
thicknesses were arcund the conducte:. . . - v the tape was .165".
Next was applied two strips of white =i cireonimately 16 mils thick over
which two black strips approximately 1 Lk were added making a total

0.0. over tre rubber of .233"., A coarbric .o icocoved with an adhesive was

wrapped over the rubber with a 1/8% popilio oo the bape was 9 mils thick

oyt

and 854" wide making an 0.D. over the c o Over this there was a

cotton braid impregnated and coated with o oo oo material. This lacquer
burns very readily, the 0.D. over the lacquer ol emg L840 An aluminum

armor wes appiied over the red lacquer braid cud connisled ol 13 picks per inch
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using three ends of .008" aluminum. The diameter over the armor was .310" ag

3

w nvernge nlthough there was considerable variation varying between .310" and

NO0. 3 A 14 - conductor cable. The individual conductor was approximate!

Ho. 20 AWG, No. 20 AWG, 877 C.M., and was made up of 29 strands of .0055"
buve copper, bunch stranding. Over the individus! conductors was a blue cell-
wlose tape approximately 1-1/2 mils thick and 18" wide and applied to give a

siight positive lap. The individual conducicr; were insulated by 4 strips of

rubber with an average total thickness of v i for the twe layers of rubber
strips. In all cases the imner layer of rubiwr uas white. The outer layers
varied, some being of all one color and other: ioing made up by applying one strir
of one color and one strip of another color. “he color coding used is as follows:
The outer rubber wall: concinted of fLue sirivs 7 the following colors: blue and
black, red and black, green wndd Licos, solics oo Bloek, blue and red, blue and
olue, slate and slate, red and red, vrown snd beown, block and black, red and |
green, green and green, yellow and greon, and yellow and yellow.
The diameter of each conductor ever the rubber was .078". The 14 such conduc—
tors were cabled together, approximately a 4" lay, and had an 0.D. of .240". Laid
in with these conduchors were also three cotbon marker threads, one red, one greei,
and one yellow, all twisted together; also one cotton thread alternating in color
betwesn white and black, there being 3/8" for each colcr.
A 9-mil cambric tape 3/4" wide which was impregnated with a solvent rubber compous|
was applied over the cobled conductors with a positive lay of approximately 1/8".
The Impregnation of this cambric wag apporently dene after the wrapping operation.
0.D. over the tape was .358". A green Filrous cotton braid well impregnated
and coated with lacquer was applied cver the tape. The thickness of the braid
being approximately 25 mils with 2 resulbent 0.D. of .408%. Cver this sn alum-

irum ermor using &

Y T J2¢ 3o o B S - -
ver inch, 5 ends of S-nmil ith a finished C.00.
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SPECIMEN NC.4 Consisted of two twisted ¢nables under a common armor snd then

extending as single conductor cables each with its own armor.

One of the conductors was approximstel
strands of .006" bare copper, bunched,

2 mils thick and .187" wide, applied

cver the tape of .044". Over thin tore

covered with two strips of slate ruil
cpproximately 17 mils with a resuli:
Over this was applied a cotton b
pregnated and lacquer coated rad L
the marker threads were one veil . |
num armor cver the braid w:o

with a resultant 0.D. of .10

The second conductor wog lnoiin e
and consisted of A2 striads 0 0
ered with a T.mi7 thick in

slight positive oy, wilh oy

black rubber and wer

two being approxim:bei:

A cobton braid was next o 1 8
coated with a black lecquor.

yellow, red, and green throud:s
braid was .150". Next was apilii

inch, 3 ends of 8-mil aluminun.

void MWG 1548 C.M., and consisted of 43

with a blue cellophsne tape approximately

vt slight positive lap giving an 0.D.
ven applied two strips of white and then
*, » total thickness of the two walls of

“.0J. over the rubber of .077".

serroximately 30 mils thick which was im-

.D. of .118". OQver the cotton braid
rod, and one green cotton. The alumi-

sk per inch. 3 ends of 8-mil aluminum,

©. wng approximetely No. AWG, 1512 C.M.,
copper, bunch stranding, and was cov-
trpe 150" wide and was applied with a
©7. Next was applied two strips of
~bite rubber, total thickness of the
wultant 0.D. over the rubber of .0g85",
v 030" thieck and impregnated and
~r threads under the braids were
e, The diameter over the cotton

armor consisting of 14 picks per

(.. of .183",

The above two cables were twisted Lo oiror 0 ¢ point about 12" from one end.
The individual armors were ended nrdd ol o ooincbors covered by a common shield

consigting of &n open haskel weave olun

[

P s teded by gluminum band sad

2
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Wil
covered by a rubbsr sleeve 5" long.

i NO. 5 Consisted of a single conductor cable, marked "54-B". The con-

ductor was a 1little larger than our standard No. 16 AWG 2707
C.M. and consisted of 30 strands of .0Q095" bare copper, bunch stranding. These
strands were covered with & blue celliophans tape 1-mil thick and 150" wide,
i

‘ed with a alight positive the 0.D. over this tape being approxi-

RS LOE0M. Next was appliod {uvo strips of black rubber and then two strips
of wrtre rudber, the tolul Lh soof the two layers being epproximately

1Bl .0, of Jr¥si" oyer bthe rubber insulation.

pebely 23 mils thick which was impreg-

Pl lek Lo Sleing on 00D, over the braid of approxi-

Lwinbed noneker cunsisbing of one red, one yellow, and one

3

“Lhon Bhread was placed under this The alunminum armor consisted

oicks per inch, 3 ends of &-mil aluminum with the 0.D. of the cable being

This cable protected at terminal end by yellow varnished cam-
bric tube 1-1/2" long. This sleeve was held in position be-
tween the aluminum armor and the braid by a numbered gluminum band which was

crimped on over the aluminum ormor.

& Ko fying number.

The conductor was approximetely 18 AWG 1512 C.M. snd consisted

of A2 strands of 006" bare copper, bunch gbronding. The strands were covered

by a i-mil thick blue cellophane tape., LAY wide which was aspplied with a slight

postive lap, with an 0.D. over the Lupe of 047", Next was appiled two sirips
ober and two strips of black rubber, the thickness of the two being
22 mils or an 0.D. over the rubber of .078".

r-r

jad a

fomil thick cotton braid which weg impregneted and covered
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«ith a black lacquer. The typical marker thread consisted of one red, one yel-
i, and one green cotton thread. The diameter over the cotton braid was .129".
‘he aluminum armor was 12 picks per inch, 3 ends of &.mil aluminum with & finish-
# 0.D, cable of .170".

SPECIMEN NO. 7 No identifying number.

This conductor was a little larper than No. 16 AWG 2707 C.M.,
and consisted of 30 strands of .0095" bare copper, bunch stranding. The strands
were covered with a l-mil thick blue cellophane lujo .. 20" wide and applied with
o slight positive lap, diameter over the tape Lelng upproximately 059",

Next were applied two white rubber strips, then v Disek rubber strips, a to-
tal thickness of the two walls of rubber being spproximulely 16 mils or an 0.D.
over the rubber of .090".
Next a 22-mil cotton braid impregnated and lasuwred bisck wag applied. Under
the braid was a red, yellow, and green coiton wnrker Luinted together with an
additional green marker thread. The 0.D. over the Looid wen 132", The al-
uminum armor made up of 11 picks per inch, 3 cnew of ¥ =1 sluminum. The 0.D.
of the cable being .168".
Note: The armor was fastened at 7" from cnd i «ondusbor by means of cotion
threads coated with varnish.
SPECIMEN NO. 8 This was an aluminum srmored - cendacbor cable marked "48-M.
The conductor was approxivstaiy Ho.o 18 AWG 1512 C.M. and con-
sisted of 42 strands of .006" bare copper. bun~h clranding. The strands were
covered with a blue cellophane tape, L-mii ook, 190" wide, and was applied
with a negative lap, the 0.D. over ihe lipe Leing sppreximsbely .042". The con-
ductors were then insulated with twe atvipe of eng colored rubber and then two
strips of another colored rubber, lhe Loto! thicknesu of the two layers being app-
roximately 18 mils with o diameter over the rubber ingulation of approximately

Q78"
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The coding of these cables was as follows: One conductor, a layer of black
rubber covered with a layer of white rubber, and the other conductors all first
insulated with white rubber and then insulated with, one conductor black, anoth-
er red, another green, another blue. These five conductors were then cabled
around a core which was made up of a piece of cotton braid covered with two
8trips of green rubber similar to the strips used on the individual conductors.
The thickness of this strip was approximately 8 mils. The cabled conductors
were then covered with a cambric tape approximately 12 mils thick and .590" wide
applied with a 1/8" positive lap. This tape is similar to surgical adhesive
tape. Over this tape were the marker threads cénsisting of one red, one green,
and one yellow cotton threads twisted together with an extre yellow‘co;ton mar-
ker. The 0.D. over the cambric tape was approximately .261". Next covered
with a braid 23 wils thick vhich was impregnated and lacquered black. Between
the cambric tape and the braid was inserted s gsingle green cotton marker. The
0.D. over the cotton braid was approximately .285".

The aluminum armor over this braid was made up of 11 pick8 per inch, 4 ends

of 8-mil aluminum-and-he “Finished diameber of the cable was «320",

SPECIMEN NO. G Markedl ™30-B". _ Aluminum armored 4-ctmductor cable. The

eonductor was approximately No. 17 AWG 2048 G.M., and consisted
of 32 strands of .008" bare copper, bunch gtranding. The strands were covered
with & blue cellophane tape, l-mil thick and .050" wide, and applied with a neg-
ative lap. The diameter over the tape was approximately .050".
The conductor was then insulated with two gtrips of one colored rubber and then
two strips of another colorea rubber, the total thickness of the two layers beirn;
approximately 20 mils and the diameter over the rubber insulation being approxi.-
mately .090".

The coding for these cables was first white then black and this conductor carriec

-



Appendix IV Messerschmitt Mello Analysis
‘ Vultee Aircraft, Inc.

& number identification of #1; another conductor, first black and then white
with a number identification of #5; another conductor, white and then red, with
identification #0; and the’fourth conductor, white and then blue with identifi-
cation #2. These conductors were cabled together and also had a marker thread,
one red, one green, and one yellow cotton thread twisted together with one yel-
low thread in additon laid in with the conductors over which an extruded rubber
sheath approximately 20 mils thick was applied. The diameter over the extruded
sheath was approximately .275",

In this scmple both’the Tubber used on the conductor as well as the rubber of the
sheath appeared to be coated with a wax and apparently was one of the paraffins.
Next was applied a cotton braid 17 mils thick whieh was impregnated and lac-
quered black. The 0.D. over the braid was .315". The ailuminum armor was made

up of 10 picks per inch, 6 ends of 8-mil aluminum, with an 0.D. overall of .350".

H. S. MOORE, Electrical Engr.
ROCKBESTOS PRODUCTS CORPORATION

New Haven, Connecticut



APPENDIX 5
GASOLINE GAUGE FOR MESSERSCMITT Me110

Prepared by

GENERAL ELECTRIC CO.




Appendiz ¥

Messerschmitt Mell(O Analysis
Vultee Aircraft, Inc.

SUBJECT: Vultee Aircraft, Inc., - German Airplane
Gasoline Gauge

Data Folder: #45784,
Work Directed By: C. F. Bavage
Tests Made By: R. G. Jewell, F. R. Sias

Report Prepared By: F. R. 8ias

Report Countersigned By: I. F. Kinnard

Date Issued: December 22, 1941




Appendix V Messerschmitt MellO Anelysis
) Vultee Aircraft, Inc.

CONTENTS
D PO oo e e e 1
Hoterial Tested ——m—m——mo e 1
General Description —-—e——em—e o _____ e e e 1
Transmitter Assembly-————emmmmeoeo o ___ — - )
Transmitter Winding-——————ou__ - — - 3
Brushes—————wmme . __ e e e 3
Connecting Spirals——————e—oooomoe ———— e _— L,
Resistance Spools————vemmmee e v
Magnetic Coupling—-—————eeee___ —_— - - - ——d,
Float Assembly-—- e e — e 5
Float Shaft— e - - 5
Spiral Slot————w oo — 6
Electrical Circuit————m e — _ 6
Workmanship-- e n
Operation Characteristics————m oo _— -7
SUMME Y e e —— -8
Good Points- - TR 8
Bad Points- - - e et e et et e et e e e e e e g
;k Major Dimensions——————*_—--—-"____mnmm».»uwwmmmuu*m___w__“__,_____u______w_g
? Tests— e e e e Q)
g Brush Pressure————— e Q)
i Megnetic Coupling Torque___mmmew‘“”mmw”wmMwmWWMmu“_____-_m__,_-____,g
j Uniformity of Transmitter Resistance Change—— e m— e 10
Float Shaft Bearing Pressure 1]

Torque Characteristics— oo _— e e 12




Appendix V Messerschmitt MellO Analysis
' Vultee Aircraft, Inc.

GERMAN AIRPLANE GASOLINE GAUGE

PURPOSE: These tests were made to determine the characteristics and con-
struction details of a German gasoline gauge ol the type used on the Messersch-
mitt 110 airplane.

MATERIAL TESTED: German gascline gauge transmitter for a tank sixteen inches

deep. No name plate is attached. The transmitter is similar to an Elektrischer
Vorrats—Gober (Electrical Supply Transmitter) manufactured by Hartmann & Braun
A.C., Frankfurt-Main. No indicator with which to check the transmitter is avail-
able, so such tests are omitted.

GENERAL DESCRIPTION: The transmitter consists of an anodized aluminum tube

sixteen inches long riveted to a die cast anodized aluminum head which is used

to mount the unit in a tank. A two and a three pin plug connector receptacle is
machined directly on this die casting. This differs from general practice in
this country where the receptacles are manufactured as separate units and attach-
ed to the case with screws. The connection pins afe screwed into plastic insu-
lators, which are held in’the receptacle by a snap ring. Connections are polar-
ized by meking one connection pin larger in diameter and longer than the rest.
The head contains the electrical transmitter mechanism which is coupled to a
float mechanism in the tube section by a magnetic coupling. The two sections

of the transmitter are separated by a gasoline-tight partition, or diaphragm

which is secured to the head casting by means ol o threaded ring screwed up in-
side the tube. Through the center of this diaphragm is a stainless steel post,
staked in place. In each end of this posl are holes which serve as bearings for
the shaft which carries the brushes snd the float shaft. The float mechanism con-

sists of a metal float which slides on a square rod {flost shaft) pivoted axially
in the tube. A pin attached to the rim of the float engages 2 spiral slot in the
tube which causes the float and square rod to rotate as the float is carried,

by change of gasoline level, from one end of the tube to the other. Photographs

ChEH
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#172081 and 172082 show the external appearance.

THE TRANSMITTER ASSEMBLY: A general view of the transmitter assembly is

shown by photogfaph #172080 and #172083. It consists of a stationary rheostat
winding attached to an aluminumvbridge. Over this winding itravel two pairs of
bruéhes. One psir is used to operate the indicator while the other is the low-
level warning light switch. Normal rotation of the brushes, from empty to full,
is 151 degrees. A stop limits the maximum to 104 degrees. These brushes are
soldered to the ends of posts mounted on an sluminum plate by means of plastic
insulating strips. To these posts are alsc utinched connecting spirals which
connect the brushes to the external circuit, Lbere being no sliding contacts ex-
cept those of the brushes themselves. The plinlic strip holding the warning
light brush is secured by screws poasaing throngh clreular slots in the aluminum
plate. These slots aliow an adjuctment renge of 10 degrees in the setting of the
switch operating pesition. The wluminuwm plute in pressed onto a brass bushing
on a stainless steel ghaft which hasg nelliched pivots at each”end. To this plate
‘is also attached the upper magnet of the magnetic coupling. One of the pivot
bearings is a hole.in the aluminum bridge, while the lower bearing (center of
phetograph #1720835 is a hole in a stainless steel post in which a steel ball is
pressed. This ball carries the thrust due to the weight of the transmitter ro-
tating assembly, and the force of the magnetic coupling. The magnetic coupling
force is more then sufficient to support the weight of the float shaft.

The transmitter winding is wound on o flat strip of sof't metal similar to

sclder which is coated with a white pigmented layer. A loyer of an olly material
similar to vaseline covers this white coat, and on top of that 1s a layer of trang
parent flexible lacouer. The winding is enamel covered wire . close wound. No
additional coat of lscquer is used to hold it in place. The wound strip is form-
ed into a ring and two ends of laminated phenolic plastic, with grooves for the

ring, are ablached with screws.

R ] e

g
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The insulation is then removed from the contact surface of the wire. There
seems to be little atiemplt to polish the contact surface. Some of it is guite
smooth but a great deal appears to have been cleaned with fine sandpaper or a
scraper. The enamel is not removed down between the wire, but has the same level
as the contact surfaces. The wire itsell appears according to a rough analysis
of a very small piece, to be a silver-platinum alloy. The change in resistance
of the winding for uniform change in float digplacement shows a maximum depart-
ure from uniform of 1.12% as shown by Table 3.

The brushes are shown by photographs #172080, 172083, and 172084. They con-—
sist of two contact wires of .006" round platinum-iridium spolt welded in two
places to phosphor bronze springs. The springs are one-tenth wide, one inch
long, and .003" thick, split at the contact end for 5/16 inch. The other end
is wound in one turn spiral and soldered to the post.

The combined pressure of both contact wires on the winding is about 2 grams
or 1 gram for each contact. Repeated tests of contact to the winding showed
two points at which the contact momentarily opened up. This 1s considered to

be low in view of the low brush pressure, high enamel between wires and consider-

able dust which had accumilalted on the winding.

The comnecting spirale consist of a spiral spring of seven convolutions made
of 015" x 007" pheuphor bronue. The outside diameter of the spring is 5/8 inch.
These spirals are mounied belwsen laminated phenolic spacers which prevent them
from becoming tangled by covers vibration and shock.

The resistance spools nre wide oif o thermo-plastic material with terminal
pins molded into one end. The woloerisl becomes very soft at soldering tempera-—
ture. These spools are secured Lo un insulating base by studs which are split
at the outer end, the split end being spread like a cotler pin to hold the speools
in place.

[

THE MAGNETIC COUPLING: The magnedtic caupling congists of two similar magnets
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ferinl whose strength corresponds to that of modern high strength magnetic
moterinis. These magnets are best shown by photograph #172083, 172084, and
Y0P, They mre oval shaped and of uniform thickness, both oval faces being
ground. A shallow U-shaped bracket of non-magnetic material 1s placed in the
senter of the oval, the ends of the U extending over the machined surface of the
snpnebs o which it is soldered. In a notch in the ends of the U is also solder
o 1 soft iron pole-piece. The U is provided with tapped holes by means of which
the magnet is attached to the shaft.

[igure 1 is a graph of the torque in grem-mm. necessary to deflect one magnet
of the magnetic coupling from its normal position while the opposite magnet is
held stationary.

FLOAT ASSEMBLY: The float is hickel plated cylindrical brass box made in

two parts and soldered together. Reinforcing ribs are pressed into ends. A one-
half inch hole extends through the center of the float and has 1/32" thick brass
plates with square holes to fit the shaft, soldered centrally over each end.
These brass plates are the bearings on which the float slides over the square
shaft and also serve to rotate the shaft when the float rotates. A stainless
steel pin {shown at the lower end of the slot on photograph 172081) is screwed
into a bragss bracket soldered to the lower rim of the float. This pin engages
the spiral slot in the large aluminum tuve and thus rotates the float as it moves
from one end of the tube to the cther.

The float shaft is a .255 inch square anodized aluminum rod with stainless
steel plvots at each end. To one end a cross bar is secured to which the lower
pegrot of the magnetic coupling is screwed. There is a meximum play of L0061 inch
belween bthe shaft and the float bearing surfaces which allows the float to rotate
one decree without turning the shaft. The angle of static sliding friction be-
fLuoen the shoft and float is 8-10 degrees. This angle for the complete assem-

Bled pouge g 15 degrees.
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srninless steel shoelt pivots have a Rockwell "C" hardness of 35. The

cesying bushing is also of stainless steel having 2 Rockwell "30N" hard-
4 {21 Rockwell C).
“he cpiral slot (see photographs 172086 and 172082) which turns the float
arefully cut, the play between it and the float pin virying between .008 and
07 inches. Wearing surfaces are quite smocth and have been anodized. The slot
reinforced at 3 inch intervals with aluminum bridges which are riveted to the
tibe. These rivets, as well as those which hold the tube to the head are of the
fiugh type with the heads on the inside.

ELECTRICAL CIRCUIT: The electrical connections are shown by figure 2. Since

no indicator is availeble, its connections cznnot be shown. The indicator prob-

ably is a ratio type to those used for positon or temperaturc indication. One-

helf of the winding is used for indicstion, the other hall moking up a Warning

light switch. A1l circults are insulated from ground.

Baged on circuits similar to thoge known to be in use, the 24 volt power
consumption is between two and three watits. ALl electricsl udjusiments are made
at the factory; there being no provision for, or necestity [lor adjustment in
the field, since both end scales are fixed by the lencih of the unit instead of
by the top and bottom of the tank as is usual with tre [lont lever type of gauge.

WORKMANSHIP: The general workmanship of the tr-ounmilter is of the best cual-

ity. All soldered connections are painted with sholinc. Adjusting screws inside

jar to lacguer. Hxternal

the head are sealed with a black sealing materir| ;
screvws are Ilat-headed and sealed by driving in o lusipum in which they are seat-
ed into the screwdriver slot.

OPERATION CHARACTERISTICS: The electric:i trensmitler mechanism has o num-

ber of novel features, the most import nl being the precicus metal and resistance
virding. This combination would delinitely provide better contact or allow low-

er brush pressure than other usual combinations. In this case, the brush press-
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ure hue been kept low (one gram) and the possibility of open circuit occurring

dum to the presence of foreign particles, etc., is reduced by dividing the brush
inte twoe contact shoes. The use of connecting svirals instead of sliding contacts
e caery current from the brushes to the external circuit eliminates the possibil-
ity of poor contact at this point.

The pivots of the brush and float shafts are small compared with usual prac-
{iee. Both pivots and bearings are made of stainless, the pivot apparently be-
ing heat treated to greater hardness.

dpiral slot type gauges have much less effective operating torque then float

tever type gauges for equivalent float sizes. In this case, effective torque is

only about 10 per cent of that of a float lever type.

SUMMARY &

Good Points:

1. Uniformity of calibrsation.
7. Good brush contact.
%. Low brush friction.
4«  Low bearing friction.
. HNo adjustment in the airplane necessary.
f:. lHesily installed.
Yo Operation of float not affected by distortion of tank.
#, Mot seriously affected by surging of fuel.
Bad Points?®

L. feserve gasoline supply (fuel remaining below empty) is determined by tank
srmpe and megt be measured for each tank.

Z.  Low torgue to Float buoyancy ratio.

Fo Chenpe in flost sliding friction seriocusly affects torque.

only in approximotely vertical position.
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5, Because of points 1 and 2, emall amounts of wear make large changes in
cperation.

6. Because of small size of square float shaft, wear will make large changes
in backlash and calibration accuracy.
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TABLE I

MAJOR DIMENSIONS:
Overall lengbth - — = - = = & 0 0 0 & L & f f e e m e - 17 5/16 inches
Tube length (from flange) - - - = - « - — _—— e — = - - 16 "
Tube diameter - - - - - - - & L - - L - - 2 2 - 0o e e 27/32 v
Tube diameter over slot braces - -« — — = — — — = = — — — — _ 211/32
Mounting flange (square) - — — - = = — — = - - - & @ 4w o = 31/8 "
Mounting hole spacing - - - — = = = = - w = - -« - - - - _ _ 2 1/2 "
Height of head from bottom of flange - - = = = = = — « = — — 15/16 "
Distance across receptacle - - — ~ - - — — — - - - _ - - - . 49/16 v
Slot width — - - = - - - - - - - - - . __ ... 5/32 "
Slot length (vertical) - - — - - - - - - « = - - - o - - o _ 14 "
Float travel (vertical) - — - — - - - = = - = - = o o - & & . 13.9 "
TABLE IT
Brush Pregsure
Brush Pressure, Grams
Both Outer Inner
Indicator Brush 2.0 1.3 1.0
Warning Light Brush 1.5 .8 ' =9
Mean 1.8 1.0 .95

Yibration Effect

Vibration amplitude at 150 cycles per second to 1lift brushes from winding
second to 1ift brushes from winding 024 in.

Feudvelent maximum acceleration : 15.5 g.
TABLE  III

Magnetic Coupling Torque

Deflection Degrees Torque, Cm-mm

O 0
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2 14

2.0 129

6.1 301

13.8 473

22.7 588

344 703

39.9 760

54.5 875

Pull out torque 903
TABLE IV

Uniformity of Transmitter Resistance Change

With uniform change in float position

Float position Ratio Difference
Res. 2 %0 5
1 to 3 (Fig. 2)

0 - Empty - 395 / 605

1 418 / 582 23

2 442 [ 558 24,

3 467.5/532.5 25.5
4 490 / 510 22.5
5 514/ 486 2he
6 (RS 21
7 RTINS 24

g 583 / 417 R4,
9 603.5/396.5 20.3
10 - Full - 626 / 374 22.5

10 (231.0)
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" bearing

TABLE VI

Toraue Characteristics

Jonsectlion spiral torgue, 90 degrees

iciion torque, brush assembly

Yolume of float
deight of float
Huoyancy of flcat submerged In .72 specific gravity

zasoline = weight of gasoline displaced-weight of

Bt s
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. 25.1
B am Crerenoe 2.6
Gy 2.6 - 1.12%
23
TABLE V
Hha 't Bearing Pregsure
Lot shaft and magnet 77.9 gm = .172
-+ upper pivot, shaft horizontal 59 gm - .13
Lower bearing thrust shoulder 0035 s8q.
~ing pressure, lower bearing thrust # 49 1b./sq.
Civnl size, 059" x 050 long
irew, projected, or upper pivot .0035 sq.
enring pressure, shaft horizontal 37 1b./sq.
Hordness, lower pivot 35 Rockwell

1lb.

1b.

in.

in.

"CH

42 Rockwell "30N"

float

11
3.5

66

29.5

pivot, but instead by the megnetic coupling as previously mentioned.

gn.

gm.

Under normal operating conditions the thrust is not carried by the lower
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Radius, flost driving pin about float shaft 27.5 .
Ingle of spiral slot with bube axis (o ) 11.9 degreess

Torque on floatbt shalt produced by wel

Distance float falls, Lrush magnel held sioticnary .9 in.
Total fall of Most For 1491 degrees rotulion 13.9 in.

fngle of [leat rotation for .9 in movemsnt

-9 % 151 = Q.78 degrees

13.9

Torque for 9.78 degrees rotation of magnetic coupling

; (See Figure 1) 383 gm. mm.
2f Torque on float shafti produced by float buoyancy
i
' 18  x 385 = 234 gm. mmn.
29.5
Calculated torgue produced by fleoat, neglecting friction
T=FxE=V¥E T 29.5 % 27.5 = 3680 gm. mm.
tan. o< 211
Actual torque oo 385 = 10.8%
Calculated torque 3680
Torque_gg Lever Type Gauge
Length of arm of lever type gauge having 13.9 in.
vertical float movement (90 degrees lever movement-
29.5 gm. float, 151 degrees brush movement) 2.9 in.
Calculated maximum torgquec (9.9 x 25.4 x 29.5 x 90) = LAT0 gm. W
{ 151)
Calculated minimum torque at "HEupiy! und "Full" positions
Movement arm of float lever = 9.9 gin. 45 degrees
= 9.9 x .707 = 7 inches
Torque = 7 x 4470 = 3160 gm. mm.

9.9

Torque transmitting efficiency, geared type transmither
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(£zporimenislly determined) 87%
fetuel sinisus torgque ~ 87% x 3160 = 2750 gm. mm.
i, Aolunl torque, spiral slot gauge = 383 1139
fetuslt toraue, lever type gauge = 2750
Grunh oand brush shaft friction 3.5 gm. mm.
Connoction spiral torque, 90 degrees 11  gm. mm.
fetdo fetusl torque, spiral slotlgauge =383 < 109.5

Torgue, brush friction

srrent of temperature change

+ 70°C - bearing clearances slightly increased
no change in friction
o y .
-40°C - bearing clearance nearly zero

slight increase in friction

ey
48]
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GERMAN ACCESSORIES
AS USED ON
MERCEDES BENZ "DB-6Q1" INSTALLATIONS
IN

MESSERSCHMITT "109" AND "110" FIGHTRRS

Reported By:

Eclipse Aviation Diwigd
Bendix Aviation Corp.
Bendix, New Jsrsey

U. S. AL \
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SUMMARY

The accessories described in this report were removed from
German aircraft which had been shot down during action over Eng-
land and shipped to this country by the Royal Air Force.

From all available information, it is quite apparent that
this accessory equipment is representative of that used in the
latest German planes. If this is true, the American accessory
manufacturers are somevhat ahead of the Germans st this time.

It should also be noted that none of this equipment showed
signs of either poor materials or workmanship.

Although, as mentioned above, we appear to be ahead of the
German accessory industry at this time, many helpful ideas have
been brought out by the study of this equipment and we are grate-
ful to both Wright Aeronautical and Vultee for the opportunity

to study this equipment which they had obtained from the K. A, F.
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Appendix VI
STARTERS

The Bosch starter is the German version of the Series 11 and is manufsac
tured under license from Eclipse Aviation.

It is a combination hand and electric inertia type and is quite similar

to the Eclipse Series 11 insofar as operation is concerned.

This unit is alsc somewhat similar to the Eclipse Serles 43 starter
(however, the Series 43 is combination inertia and direct cranking, while the
Bosch unit is purely inertia) in that the fly-wheel is mounted directly on the
armature shaft and a brush raising device is incorporated in the motor to re-
lieve pressure while cranking by hand. The brush raising mechanism actually
1ifts the brushes off the commutator by rotating the brush board, whereas, in
the Series 43 starter, the brush spring pressure is relieved but the brushes
may drag on the commutator. A special brush is used in the German starter,
having a bridge over the top such that a small arm located undar the bridge
acts to 1ift the brush clear off the commutator.

The meshing solenoid isg partlally built in the motor somewhat as in the
case of the Series L3 starter.

Other interesting features of this starter are as follows:

1) The hand cranking shaft support is externally adjustable so as to
line up the hand crank bevel gears by means of a screw action.

2) Neoprene oil seal washers are provided on the meshing rod both be-
fore and after the jaw.

3} Instead of doubling the armature poles to convert from 12 to 24
volt operation, the same punchings are used and the armature length is doubl-
ed. (This does not seem to indicate a shortage of materials.)

4} Electrical connections are made by means of spring lcaded screws which
require no lock wire or washers. (This is standard on all Germsn electrical

connections.)
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Sealing Ring

/. Vsnes

Brise

Shaft Assy

Oil Cover
Bearing

0il Filler Screw
Gasket

Inlet Air Screen
Inlet Port

Outlet Port

Mise. Secrews, Etc.

Weights

VACUUM PUMP TEST DATA

2 1b
219.

301.

S o

S,

O

13 oz.

rams

1

i

Appendix VI

Dimensions i
Rotor
Dia. 1.7238"
L. 3.342"
Vane Slots
W. 0.042
Depth 33/64
Qi1 holes-0.040" dia,
Body to Rotor (.003"

Bedy

Mid.
1.9694

Drive
Dism. 1.969

Opp. Drive
1.969

Length 3.586

Sealing Ring

Thick: GC.2367
/. Vanes

3.347 Yo 3.3489

[

W: 0.487 to 0.493
T: 0.039 to 0.0405

Fecentricity

O.1195%
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CAPACITY RUN

Pump allowed to level out four minutes for each setting

Megserschmitt MellQ Analysis

Inlet Outlet  Body Air Room Dyn. H.P. Air
Speed Suction Press Temp. Out Temp. Rise Load Cong. Flow
R/Min.  "Hg. " Hg.  °F °F °F op 4 H.P. GC.F.M
1500 6.0 1.0 100 g5 78 17 0.05 019 1.49
" 6.0 4.0 114 107 78 29 0.10 .038 1.3
2250 6.0 1.0 114 117 78 39 0.10 056 3.3
" 6.0 4.0 120 125 79 bt 0.10 056 3.37
3000 6.0 1.0 122 126 79 47 0.10 075 5.09
" 6.0 4.0 127 132 80 52 0.15 115 4,.68
3750 6.0 1.0 127 128 80 48 0.15 41 6.52
" 6.0 4.0 133 137 80 57 0.20 187 6.26
4500 6.0 1.0 136 135 80 55 0.20 L25 7.9
" 6.0 4.0 140 143 80 63 C.25 281 7.7
5280 6.0 1.0 140 139 80 59 0.20 261 9.38
R 6.0 4.0 148 159 80 79 C.25 .330 8.95
5960 6.0 1.0 149 146 81 65 0.40 .595 10.5
" 6.0 4.0 156 156 82 73 0.45 654 10.4
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GENERATOR
The Boseh generator is a conventional four pole wave wound shunt unit raisd
et A0 velta, %0 amperss, with a speed range of from 4000 to 6000 RPM, and blnst

coclad with thirty liters of air per second.

Flectrically, it is quite in line with American generator practice with ths
exception of its speed range which comes between the two domestic ranges.

There are, however, several mechanical features of this generator which dif
“er {rom current domestic designs.

The most outstanding of these features is the method of retaining armature
windings. Instead of banding the armature conductors, the conventional Bosch
construction using hairpin conductors is used. These conductors are threaded in
from the tall end and the armature punching at boih ends and the center have holes
rather than slots automatically providing banding. This method is quite.satisf&c
tory so far as operation is concerned but it is believed that assembly would be
more complicated than is desirable.

The armeture balance is obtained by milling slots in the punchings parallel
to the conductors.

A rotetable arrow in the yoke is used to designate rotation.

The ball bearings are retained by plates which must be centered and fastened
after assembly.

Cooling is obtained by air blast and no fan is used.

A pencil drive shaft, quite similar to recent domestic generators, is used.
Thle type shaft extends through the hollow armature shaft and drives the armature

v

o the commutator end. Its main purpose is to compensate misalignment between

bthe enpline drive and generator.
The sttached gheets show several views of the generator and component parts

g owell ae dote obtained from the test of two generators.
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BOSCH GENERATOR DATA

Generator No. 1 - Removed from Mercedes Benz DB-601 engine (Messerschmitt
109 installation) and submitted by Wright Aerocnautical Corporation for inspec.-
tion and test.

Name Plate Dats

Gerat 126 ~ 516D LK 1200/24 CR10
FL 34215 - 1 Syst. 24V
Werk-NR. 32604 11.3 Kg. N Max. 1500 W-beilU30V
J Max. 50A
Min. 4000
U/Min. dugeherig Hegherkuasten SoM72/12
Max. 6000
Kuhlung 30 1/sec.
; Weight 24 lbs. 7 oz. Armature 97 slots, 57 bars
i Rotation C.C. on Commutator End Ul 3.265

? Flelds 4 Poles Connected Series

Gap .0165" M.L. 3 17/32" 1.D. 3.208n

Field Resistance: 15.35 OHMS at Yoke Temp. of 28.5° G.

17.43 nooon " " i 560 oL

Drops at 50 Amps. Cold

Total 3.7V
Arm. & Br. 3.5V
Arm. 2.55V

Brushes 0.95V



Messerschnitt MellO Analygis Aovendis
Vultee Aireraft, Ine. APPenGLyE k.

GENERATOR TEST RUNS

1. Ne Lood Ssturation

R, P. M. Ep Ep Iy Yoke T. (°C)
4000 8.3 3.3 0.2 34
" 11.9 46 0.3 34.5
" 15.8 6.4 0.4 35
i 19.4 2.1 0.5 35
" 22.8 10.0 0.6 35
" 25.3 11.4 0.7 36
" 26.5 12.3 0.75 37
" 7.4 13.0 0.8 37.5
" 28.5 14.0 0.85 38
" 29.5 14.9 0.9 39
" 31.0 6.4 1.0 41
" 32.5 18.5 1.1 42
" 33.4 20.5 1.2 4R2.5
" 36.0 25.6 1.5 45
! 36.6 7.4 1.6 46
" 37.3 29.4 1.7 6.5
" 37.8 31 1.8 47
n 38./, 33.4, 1.9 48
" 38.6 35 2.0 49
" 39.6 39 2.2 49.5

" 40.5 L, 2.45 50.5
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2. Full Load Saturation

R. P. M. En I o Ip Yoke T.

4000 11.2 50 8.7  0.452 41
" 1.2 " 10.0 0.6 42
" 17.5 ¢ 11.8 0.7 43
" 19.8 " 13.6 0.8 L,
" 21,9 v 15.5 0.9 45
" 23.6 n 17.3 1.0 46
n 25.3 19.0 1.1 48.5
L 27.4, o 20.9 1.2 51
" 28.5 m 23.0 1.3 52
n 29.5 n 24.7 1.4 54 Shut Down
" 31.1 0" 26,1 1.5 50
. 32.0 28.0 1.6 51
" 32,7 M 3.0 1.7 53
" 33.0 n 32.0 1.8 54,
" 33.6 34.5 1.9 56
" 34.0 " 36.7 2.0 57
" 34.6 0 39.0 2. 59

3. Minimum Speed - Cold

R. P. M. Ep I  Ep I Yoke T (%)
3480 28.5 50  28.3  1.77 31
3340 n 25 28.4  1.72 34
3110 " 0 28.4  1.70 36

/. Heat Run
Time
(Min.) R. P. M. B Iy, Ep Ig Yoke T Ambient

o £000 28.5 50 21.0 1.3 33 30

o
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(cont'd.)
I Ep Iy
50 21.8 1.28
n 23.5 1.28
" 4.9 1.28
" 25.5 1.28

Appendix VI
Yoke T Ambient
A41l.5 30
52_5 "
64'5 n
74,0 "

Shut down because commutator bearing ran very hot. Nothing apparently

wrong with it., Heat run under no forced cooling per requirement on cover,

Commutator end left open.

Generator No. 2 - Removed from Mercedes Benz DB-601 Engine (Messerschmitt

110 instaliation) and submitted by Vultee Aircraft Corporation for inspection

and test.
Name Plate Data

Gerat 126 - 516D System 24V Wt. 11.3 kg.

F1 34215-1 Watts 1500 30V

Werk-NR.-60349 J Max. 50A

LK 1200/24 CR1C Min. 4000

U/Min.
Max. 6000

Kuhlung - 30 L/Sec. ZUGEBORIG REGLERKASTEN SSM 72/12
Wt . 24 1bs. 7 oz. Armature 57 slots - 57 bars
Hot . C.C. on Commutator End. 0.D. 3.265
Gap 0.0165" Field - 4 Poles connected series

Field Resigtance at 27 OC H

MAL 3 17/32" I.D. 3.204"

14.63 OHMS
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Appendix VI

1. Cold Minimum Speed

R. P. M. Epg Ep Ip Iy Yoke (°C)
3120 28.5 28.5 1.82 0 31
3480 28.5 28.5 1.77 25 36
3680 28.5 28.5 1.74 50 37

a) Current limitator cut in at 47 Amps.
b) Main switch closed at 25.9 Volts.
3) With current limitator functioning, regulator had about 0.3

Volt droop at 4000 RPM between no load and full load.

2. Cold Regulation - (Current Limitator blocked out)

R. P. M. Epg Ep Ip Ing Yoke (°C)
4000 28.5 14.3 0.90 0

" 29.1 19.0 1.19 25 36
" 29.3 22.0 1.38 50 d
L 28 13.7 0.85 0 "
5000 28.3 G, 4 0.58 0 n
" 28.9 11.6 0.73 25 "
L 29.3 16.1 1.01 50 "
L 28.3 9.3 0.56 0 "
6000 28.4 7.2 0.43 0 "
" 29.1 9.6 0.59 25 "
L 29.5 13.3 0.32 50 "
" 28.4 7.1 0.41 0 "

4000 28.0 13.7 0.84 0 50
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3. Hest Hun
Operstion on heat run erratic - Variation as much as one Volt Hot field
resistance - 17.7 OHMS Field Temp. Rise - 56°C
Temps (°c¢)
Air  Air
Time RPM Epe Inc EF ip Yoke In Out
Q 4000 29.4 50 24.5 1.58 34 33 33
5 " 29.1 " R3.9 1.49 44, " 36
10 " 29.5 n 24.3 1.42 56 " 38
15 " 29.5 n 25.6 1.48 63 n 39
20 n 29.7 " 26.4 1.49 68 " 39
25 " 29.7 " 5.8 1.44 71 " 40
30 " 29.7 " 25.6 1.2 Th " 40
40 " 29.8 " 27.4 1.50 77 n 41
50 " 29.7 " 27.8 1.52 78 " 42
60 " 29.8 " 27.6 1.51 79 " 42
4. Hot Minimum Speeds
RPM Ero Ep Ino Ip Yoke (°C)
3230 8.5 28.5 0 1.52 79
3540 i n 25 1.51 79
3890 " " 50 1.51 78
5. Hot Regulation
RPM Epg Ep Ipg Ip Yoke (°C)
4000 28.2 15.2 9 0.82 74.5

" 28.7 20.7 25 1.13 i
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O\
[ v
RPM E_. By I I Yoke (°C)
4000 29.4 28.0 50 1.53 4.5
" 28.0 15.2 0 0.82 "
5000 28.1 10.0 0 0.54 4.5
d 28.7 13.2 25 0.72 745
" 28.9 17.8 50 0.98 Vo5
" 27.9 10.1 0 0.54 Ty
6000 28.1 8.0 0 0.42 75.0
" 28.5 10.6 25 0.58 75.5
" 29.0 15.0 50 0.83 75.5
y 27.8 7.8 0 0.42 75.5
4000 27.8 14.5 0 0.79 75.5
" 29.0 24.7 50 1.37 75.5
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Appendix VI

GENERATOR CONTROL BOX

The Bosch control box consists of a voltage regulator, current
limiter, and reverse currentﬁrelay. The voltage regulator is of the
conventional tirrill type. The current limiter and reverse current re-
lay sre combined on the same magnetic circuit. There are two separate
armatures on this part. When the current through the seriss coil ex-
ceeds the value to which the limiter is adjusted, one armature pulls
down and introduces resistance on the generator field, thereby reduc-
ing the voltage as in current limiters of the conventional Americen
design.

The weight of this unit is 2 1// lbs. complete. Test data of
the control box is incorporated with the generator test data herein

contained.
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NOISL I'ILTER

The Bosch noise filter consists of two choke coils and two

non-inductive wound condensers. One condenser and one choke coil =are

connected in each side of the generator line in an "inverted L" section.
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SOLENQID SWITCHES

The Uoseh solenoid switch unit for starters consists of two switches -
aspparently one for each side of the line. In this way, on two wire shielded

ap used on this ship, both sides of the line are isolated and radio

SR e
Gy LE

interferonce is eliminated when the switches are open.

The complete weight of this solenoid switch unit is 1-1/2 1bs.

This switch can be used only with inertia starters as the movable con-
tact removes metal from the stationary contact when opening itwo hundred amperes
at 24 volhs.

From the stendpoint of standsrdization this solenoid switch would not be
satisfactory in this country as it can not be used on direct cranking or com-
bination inertia and direct cranking starters -~ the latter being the most wide-
Ly accepted type starter for modern military alrcraft.

The accompanying pages include plctures and test data obtained at Eclipse
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TEST DATA FROM BOSCH SOLENQID SWITCH

2 4 ;

10 _BUOT.S S\wWITLH

Fige4 FiG- 2.
Note: Above wiring diagram shows both solenoids conmected in
parallel (Fig. 1). Therefore, all current readings are
for total of both solenoids and each may be assumed to
draw 1/2 the total given.
Closing Voltage: 11.4 Closing Current: 2.4 Amps.
Opening Voltage: 1.4 Opening Current: 0.3 *
Lifts at R4 Volts: 3 1lbs. 3 oz. from extreme open to ex-
treme close
Opening Force at 24 Volts: 18.5 1bs.
M. V. Drops (Fig. 2)
Switch No. Eq I, A-B B-C C-D bD-R A-F B-D
1 R4 200 22 50 30 22 108 58
2 R4 200 20 42 25 15 100 51

i
e



APPENDIX 7
LANDING GEAR SHOCK ABSORBERS

Prepared by
UNITED AIRCRAFT PRODUCTS, INC.

LOS ANGELES, CaLiF
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Appendix VII

MAIN GEAR SHOCK STRUT

MESSERSCHMITT ME-110

The main gear shock strut is of the commen air-oil type, but incorporates

many unusual features.

The strut contains a metering orifice device whienh is very unique as well
as complicated, compared to the usual metering pin and orifice hols used in the
United States. This device consists of a metering sleeve which fits inside of
the piston tube and is held in place by the upper bearing. This sleeve has sev—
eral slots of varying length and shape running longitudinally and cut through
the sleeve well. The piston tube and sleeve slide over an orifice piston with
closed lower end which is attached rigidly at its upper snd to the outer eylinder.
A piston ring in the lower end of the orifice piston insures a close fit between
orifice piston and metering sleeve. As the strut is compressed, the oil must
flow through the slots in the metering sleeve to get inte the upper chamber.

The effective orifice area at any instant is determined by the position of the
piston ring with respect to the gleeve and is the sum of the cross-sectional

areas of the slols opposite the piston ring.

There ie an additional snubbing device to absorb a portien of the rebound
energy. During the compression slroke, oil flows readily past the upper flange
of the upper bearing. This flange hng considerable clearance beiween its oub-

side diameter and the inside diumeter of the ocuter cylinder, which allows cil +to
flow by rather freely during the compression stroke. The oil then flows through
several holes in the lower portion of the bearing to fill the space between the
piston tube and the outer cylinder. During rebound, the piston ring mounted on
the upper bearing slides back against the upper bearing flange, thereby restrict-
ing the oil flow around the upper flange and forcing it through three small holes
located in the upper flange.

The method used in f£illing the strut with oil is somewhat umcertain. It
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appears, however, that the strut is filled while in the fully-exiended position

by removing Lhe olr valve assembly and filling the strut with oil through this
port, possicly using o special fitting screwed into the strut in place of the

wir velve. During £illing, the plug in the end of the air bleeder valve is loos-
ened so ag to allow the trapped air to escape. The 6il will then £ill the strut

until the oil level reaches the lower end of the oil Tevel control tube, after
which no more air will escape and any additional oil will rise in this tube un-
t11 it eventually runs out of the bleeder valve fitting., Details of the filler
plug end air valve are shown in the drawing of the strut.

The air valve is somewhat similar in operation to our standard Schrader-
type voelve. However, in case the valve develops a leak, the entire assembly must
be replaced instead of replacing an inexpensive valve core, as can be done with
the Schrader-type valve.

The packing is of unususl design. It consists of alternate leather and
synthetic rubber-cord packing washers with adapters at each end of the stack to
support the washers in the proper position. The angle of the washer surface with
respect to the central axis is 4501 This type of packing probably only seals el-
ficiently along the edge which is nearest the scﬁrce of pressure; hence, two seis
of pucking must be used to seal the surfaces which are in contact with the inside
snd outside dismeters of the packing. This probably accounts for the arrangement
of packing shown on the drawing. When the gear is fully extended, the force tend-
ing to push the piston out of the strut is entirely supported by the packing, which
g pot considered good practice in this ccountry. This type of packing has commer-
cial applications in this country, but is not acceptable for air corps shock struts.

The torgue links are quite conventlonal except for the bushings used at
the apex of the links. The outer ends of the bronze bushings are finished to a
sphericel waciug which fits a steel mating sdapter ground infternally to the same

Y

gpherical radiug. There is considerable clearance between the inside diameter
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of the bughings and the body of the apex bolt, which allows some rotation in any
direction between the spherical surfaces, thereby correcting for a fair amount

of misalignment at the bolts connecting torque links to the strut. This arrsnge-

ment is quite unique and has a definite advantage.

The grease fittings wused are very similer to those commonly used in this
country.

Another unique feature is the self-aligning bushing used quite extensively
for the connection of various parts to avoid line reaming. The outer race is
pressed into the fitting. It has an internal spherically-ground surfasce. There
are two slots cut in the outer race so that the inner race, which has a spheri-
cally-ground outer surface, may be inserted edgewise and rotated 90° to lock it
in place within the outer race. In this position, the bushing is free to align
itself properly with connecting members.

The manufacture of this strut is unnecessarily complicated and expensive.
One example is the metering sleeve which has been previously mentioned. The
use of a metering pin would have been much simpler. It would have been a great
deal simpler to use a steel tube for an 6uter cylinder with necessary lugs and
bosses welded in place, rather than use a solld forging and bore out all the
material in the middle, as is the case in this strut. The piston tube wag ap-
parently made by boring & solid bar from both ends to leave a transverse wall
across the interior to serve as an oil seal. The use of a straight tube with
separate plug welded in place or held by other means would be much cheaper and
better from a production standpoint. This strut has very little welding on it,
and then only at points apparently subject to very low stresses.

This strut is connected to the airplane at four points. The upper end has
a number of teeth cut, as shown in the drawing, which mate with a similar set of
teeth in a cross arm running in the spanwise direction and connected to fittings

on the wing spar. These teeth transmit all torque from the gear to the wing
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structure.  Thesge teeth alao toke s portion of the side and drag loads.

Vertical
lends, s well no bhe

remainder of the side-and-drag components, are taken at the
Tups mounted on Lhe outer cylinder. The lug containing the self-aligning bushing

1o connectad

e the retracting strut.

'E‘jég}

piston tube and axle are plated with what appears to be a very thin lay
ar o hard chrome.

ir general, the workmanship is very good, and hone and grind dimensions are

very uniform. Bearing fits and the like appear good.

ey
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TAIL WHEEL SHOCK STRUT

MESSERSCHMITT ME-110

The tail wheel gear is maede up of two main elements. These are (1) &
shock-absorbing unit and (2) a centerihg mechanism. These two elements are con-
tained in one housing, as may be seen in the assembly drawing of the strut.

The shock-absorbing unit consists of two steel springs, one insgide of the
other, and an oil snubbing device. The shock load of landing and taxiing is taken
by the springs in compression. There are three holes drilled through the fixed
or upper centering cam, which serve as an oil passagé between the mein interior
space in the strut and the space between the inner ¢ylinder and pisten tube.

The volume of this last-mentioned space varies with the position of the gear,
being a minimum when the gear is fully extended and & maximum when the gear is
fully compressed. There is no provision for filling the strut with air under
pregsure; hence, when the strut is fully extended the air contained in the strut
is under atmospheric pressure only, but this pressure incresses as the strut is
compressed. During the compression stroke, oil is forced through the holes in
the centering cam into the space around the piston tube partially by the increase
in air pressure due to compression of the strut and parilally by suction due to

increase in velume of the space around the iston tube. The oil restrictor rin
p g5

located in the upper centering cam, moves away from the oil @oles until it is
restrained by the gnap ring. In this position, with the oil restrictor ring free
of the oil holes, there is little restriction of flow between the main body of
oil and the small body of oil around the piston tube. As the strut extends during
rebound, the restrictor ring drops back, covering the oil holes, thereby restric-
ting the return flow of oii and serving to snub the gear by absorbing a portion
of the energy stored during compression.

The exact amount of oil used in the strut is not known, as apparently some

was removed before the strut was received by United Aircraft Products, Inc.

-
o
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The small smount of ¢il found in the strut seemed to contain colleidal graphite.
The centoring mechunism consists of a lower floating cam and an upper fixed

cam. The flonting can slides within the inner cylinder, but is prevented from

robating wilth respect to the inner cylinder by an integral key which mates with

2 leongitudinal internal keywoy in the inner cylinder. The upper fixed cam is
attoched rigidly to the piston tube, which in turn is connected rigidly at its
upper ond to the outer cylinder. The construction of the cam is such that it
can only cenger the gear with the wheel in a trailing position. The centering
force 1s supplied by the compression springs, which act against the lower float-
ing cam and force it intc engagement with the upper fixed cam. Any swiveling
sction of the tail wheel is obtained by additional deflection of the springs,
which allows the cams to rotate with respect to each other and partially separ-
ate. The gear ls not steerable.

There are three Eearings. A bronze bearing is attached to the lower in-
side end of the outer cylinder and supports the inner cylinder. A bronze bear-
ing attached to the upper endlof the inner cylinder slides over the piston tube.
The upper cam and piston assembly which is attached to the piston tube slides
against the inside surface of the inner cylinder.

There is guite a bit of welding used on this assembiy as compared with
the main shock strut. Mounting lugs and bosses have been welded to the outer
oylinder. The tail wheel fork is mede by welding formed plates together, as
shown on the assembly drawing. This seems to be an expensive procedure for mass
production as compared with a forging. This unit apparently is one of the early
nodels and may account for the fabrication methods used.

The inner cylinder, which is welded to the tail wheel fork, is chrome-plated.
The plating sppears to be quite thin. Internal sliding surfaces are ground. On
the whole, the workmanship seems to be rather good, with cylinder bores and piston

surfaces being very uniform snd of good fit.

b
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Thread pitches are often much finer than used in this country. This is
sometimes necessary when threads occur in thin-walled tubing.

The tail gear is attached to the rear monocoque section of the airplane
at two points. The lower lugs take the full axial load of the gear and some of
the fore and aft load as well as all torque. An adjustable plug at the upper end
takes the remaining fore and aft load. This adjustment feature corrects for any
variation in the distance between mounting points in the monocoque section. The
casting into which the upper plug screws is rather peculiar. From its shape, it
appears to have originally had a different purpose, as ﬁhere are projections and
bosses incorporated in the casting which have no use whatsocever in this applica-
tion.

The packing is of a pressure-sealing type. The main body of the packing
consists of cord impregnated with rubber which probably is synthetic. The inner
lip is of solid synthetic bonded to the main body.

In general, this design is not as efficient or modern as tail wheel gears
made in this country for similer applications. However, it must be remembered
that this design is about four or five years old, and hence this type of design

may no longer be in evidence in newer airplenes.
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Vultes Alrcraft, Inc.

INTRODUCTION

An oil cooler and an engine coolant radistor removed from the Me-110 at
Vultee Aircraft were sent to Airesearch Mfg. Co. for test and examination. Only
the coolant radiator was tested as the oil cooler was damaged so badly.that re-
peir for test was impossible. The radiator was punctured by a bullet in one
place and apparently damaged in landing on the face of the radiator, necessi-

tating blocking off a total of five connecied tubes.

ENGINE COOLANT RADIATOR

Method of Testing. A photograph of the test set-up is shown on page 7. The rad-

iator was tested with water heated iIn an open tank with live steam. The flow of
water was weighed by diverting the return flow into a tank by means of a swing
pipe.

The air flow wss measured by a Pitot tube in a calibrated duct.

Temperatures were measured by means of mercury thermomoters, one sach in
the inlet water, outlet water, and the inlet air stream. No cutlet zir tempera-
turss were teken and therefore no heat balance obtained. Similar arrangements,
however, on smaller coolers when the exit air temperature was measured after
passing through a mixing box gave good heat balance.

The air flow wos measured in a 12" duct which joined the radiator through
an adapter provided with distributing vanes. The vanes were initially shifted
until a uniform air flow was cbtained over the entire core face. This position
of the vanes also corresponds to the lowest air pressure drop scross the core.
This pressure drop was measured through small openings on all four sides of the
radiator in a straight piece of the adapter four inches upstream from the core.

The water pressure drop was measured at the inlet and outlet to the radiator

by means of a calibreted Bourdon gauge.
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A copy of the test results is on page 8.
Results. The heat dissipation is shown on Graph PC-72-1 on page 4.' It is evi-
dent that very little will be gained by increasing the coolant flow above 800
1bs/min,, -~ the capacity of the pump used during the test.

Coolant pressure drop is shown on Graph PC-72-3 (page 5), the points shown
being average readings. ﬁ

On PC-72-4 (page 6) is shown the cooling air pressure drop and the total
pressure at the face of the radiator. The latter is obtained by calculating the
veloelty pressure for standard air for an area equal to the face area of the rad-
istor and adding this to the pressure drop for standard air. In calculating the

pressure drop “ap the average pressure and average temperature of the air through

the radiator was used.

DESCRIPTION OF COOLANT RADIATOR

Figs. 1 and 2 on page 9 show 3/4 views of the radiator, the entrance and
exit of the bullet being clearly visible., Fig. 3 page 10 shows the damge to the
face near the top of the picture. Fig. 4 is a 3/4 view of the bottom.

Fig. 5 on page 11 is an end view with the tank removed showing the bresk in
the header plate around inlet and outlet coolant comnections and the in-line tube
arrengement. Fig., é is an inside view of the end tank showing that the tank is
divided into two parts with a valve housing being located in the inlet section of
the tenk. The valve itself was missing.

Fig. 7 on page 12 is an isometric view of the radistor giving dimensions and
moaterials. The following is supplementary:

¥ing: Copper - 004" x 6-13/16" wide x 13-1/2" (full length)
004" x 6-13/16" wide x 8-1/2" (shortest length)

Six heavy brass fins (.012") are distributed evenly across the face
(probably to give rigidity).

D
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Tubes: Geamless brass - 3/4" long 0.D. x .067" wide 0.D.
.008 to .009" wall.

Tube Arrangement: In-line (7 rows)

Tube Spacing: 357" in no-flow direction
1.00" in cooling airflow direction.

Tank Ends: Brass.
Side Plates: Steel, ribbed and spotwelded to tanks.
Photographs show method of support and reinforcement.

Face arsa: 3.31 sqg. ft.

Number of fins: 293 full length
50 11.0" average length

Number of connected tubes: 259

Internal surface of tubes 97.0 sq. ft.
External surface of tubes 100.0 sg. ft.
Net fin surface 372.0 sq. ft.
Total external surface 472.0 sq. ft.
Ratio of external to internal £ .866
Ratio of external to face area 142.5

Weight 135.5 lbs.
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AIRESEARCH MANUFACTURING COMPANY

__ 12/12/41 _ Bar. 30.14"

. HEAT DISSIPATION ofME 110 RADIATOR

f (WATER) :

: °F TEMPERATURES AIR READINGS WATER FLOW

% Run Inlet Outlet |Lbs/Sq.In.Pres.

: No. | Air Mater [Water | Room | V.P. |St.P. |Ap | In Qut Lbs. Bec. Lbs./Min

§ 1 | 93.0[209.5 [163.8 | €9.0 |12.G |-.07 3.6 | .875 | .525 R06.0 |60. 206.0

g 2 | 93.0(207.4 162.5 | 89.0 112.9 |-.07 {3.6 | .875 | .525 RO05.0|59.9 | 205.7

g 3 | 92.51204.0 {177.0 | 89.5 |[12.8 |0.00 | 3.65[2.25 (1.25 [195.0130.0 { 390.0

§ 4 | 91.0/203.3(175.5 | 90.5 |12.85(0.00 | 3.65[2.25 [1.25 [190.5|29.9 | 380.2

. 5 | 93.0]196.5 [177.8 | 91.0 |12.85{-.04 | 3.704.625 [2.50 R00.5 |20.1 | 599.8

g 6 | 93.5(195.6 |177,3 | 91.0 |12.85|-.02 | 3.70 199.5 | 20.1 | 595.5

. 7 | 88.5(194.0 179.8 | 91.0 |13.15{-.03 |3.787.75 |4.125 [199.0|15.0 | 795.2

. g | 88.0(192.6 {178.5 | 91.0 {13.15|-.02 | 3.78 200.5 | 15.1 | 798.5

.

: 9 | 85.0/193.5(180.5 | 87.5 | 8.95|+.14 {2.68|7.875 |4.125 [199.0 |15 796.0

% 10 | 84.0[194.51181.4 | 87.0 | 8.95[4.15 | 2.69 199.0 | 15 796.0

. 11 | 85.51196.8{179.7 | 87.5 | 8.95{+.14 | 2.6614.40 12.30 [197.0|20.05 590.0

. 12 | 85.00198.5/180.9 | 87.0 [8.90 |+.15 | 2.69 148.0 {1 15.05] 5%1.5
13 | 84.01205.2/178.9 | 86.5 | 8.95 |+.15 | 2.69(2.25 |1.25 |194.0] 30.0; 388.0
14 | 85.5]206.0(180.0 | 86.5 |8.85 |+.14 | 2.66 193.5 { 30.0 | 387.5
15 | 85.01207.0(162.5 | 86.5 [9.10 |+.10 [2.695 .875 | .525 [197.5|60.0 | 197.5
16 | 85.0(206.8(162.0 | 86.0 |9.25 {+.10 | 2.70 196.0 | 60 196.0
17 | 80.0(210.0(172.0 | 83.0 |4.25 [+.20 | 1.36 193.0 | 60 193.0
18 | 20.00202.3(168.0 | 81.0 |4.25 |+.19 | 1.38 208.0 | 60 208.0
19 | 80.0({190.5|171.8 | 81.0 |4.45 [+.21 |1.405 201.5 | 30.1 | 402.0
20 | 79.00190.0(171.5 | 80.5 | 4.40 {+.21 | 1.4U 201.5 | 30.1 | 402.0
21 | 79.0(200 [186.0 | 80.5 |4.35 |+.23 | 1.4) 199.5 | 20.1 | 596.0
22 | 79.0/200 |186.0 | 80.0 |4.35 [+.21 | 1.41 200 | 20.1 | 597.0

- 23 | 78.01198 |(187.2 | 80.0 | 4.40 {+.22 | 1.42{7.875 | 4.1 [201.5}15.1 | 800.0

. 24 | 78.01195.6(185.9 | 80.0 | 4.41 |+.22 | 1.42|7.875 | 4.1 R00.5}15.1 | 797.0

fg )

§ 25 | 76.21204.5(195.5 | 78.8 [2.25 |+.24 | .83(7.87 | 4.125198.0} 15.1 | 787.0

: 26 | 75.0i204.0|195.0 | 78.8 |2.26 [+.235| .83|7.87 | 4.125{198.5115.1 | 789.0

S 27 | 74.2{207.51195.8 | 77.2 {2.24 |+.235| .83|4.4 2.375 {202.0 | 20.15| 602.0
28 | 74.0{207.41195.5 | 77.0 |2.25 |+.235| .83|4.4 2.38 1201.0120.1 | 600.0
29 | 74.0]209.2]190.4 | 77.0 [2.25 |+.230| .825|2.25 1.25 {183.5] 30.2 | 364.0
30 | 74.01210.3/192.5 | 77.0 | 2.27 |+.230| .82512.25 1.25 197.0| 30.1 | 393.0
31 | 74.00210.9(178.2 | 76.5 |2.23 {+.220| .81 |1.00 75 198.8 | 60.0 | 198.8
32 | 74.00211.4/178.4 | 76.5 | 2.21 {+~.21C} .80 |1.00 .75 (201.01 60.0 | 201.0
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0II. COOLER

The oil cooler was damaged so badly that repair for capacity test was

deemed impossible.

DESCRIPTION OF OIL COOLER

The oil cooler is of the cartridge tube type:

Length of tube (overall) 9.85"
Tube diameter - outside , 177
Tube wall thickness .006"
Length of hex. 13/32
Distance across flats L2040
Compositions:

Copper 67.8%
Zinc 32.2%

Yield Point:
Actual load in pounds <200

Pounds/sq. in. 66,600

Tengile Strength

Actual load in pounds 230
Pounds/sq. in. 76,600
Elongation in 2" 2%

Photographs of the oil cooler appear on pages 15 to 20. As will be
noted, the cooler is annular in shape, the radius of the curvature being 21" on
the outside and 16" on the inside. The dimensions of the core face are approxi-
nately 22" outside, 17" inside and 5" wide. The core is divided by radical baf-
fles intoc eight smections, each section having approximately 280 tubes.

~L3=
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The photograph on psge 15 shows bottom and face of cooler. The tubes
have been removed from one of the sections. Photograph on page 16 shows a top
and end view. The [fitting shown glves access to the by-pass valve. On the left
hand side of the top a series of itubes is clearly visible. These form a by-
pasg clireuit and ere in close metallic contact with the top of the radiator.

The contact ls eaccomplished by sweating the tubes to the cooler shell,

The photograph on page 17 is a top view from the opposite end. The photo-
graph on page 18 shows top, face and both ends. One of the by-pass tubes was
appurently torn off in landing. The patches where it was sweated to the shell are
vigible.

The photograph on page 19 is a view of one of the passes with tubes re-
moved., The baffle construction and the means of fastening it to the shell is
plainly shown. In addition to the large openings in the baffle at the top
there are three 1/8" holes in the baffles at the opposite end. These holes are
apparently for the purpose of establishing flow through the core vwhen the oil in
it is congealed. The photograph on page 20 is a view of the other baffle in ihe
Beme pass.

The face area of the core is 90 sq. in. or .625 sq. ft. or somewhat less
than a standard 11" cooler. The weight is approximately 50 pounds, which is 45%
more than the 11" cooler.

The heat rejection to this cooler based on the report of R. W. Young of
WAC ism 3900 BYU/Min at an airflow of 97 lbs/min. with oil entering engine at 1550F,
i.¢., the cooler should reject this amount of heat at an average 0il temperature
of

155 - _3900 - 195° F.

97
Sueh performsnce 1s only obtained by passing an enormous emount of air through
the cooler und by rather high oil pressure drops. The latter is borne out by

the fact that the relief valve is set te open at 31 to 32 lbs/sq. in.

T















	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	



