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Messerschmitt MellO Analysis
Vultee Aireraft, Inc.

INTRODUCTION

We were fortunate in obtaining a complete Messerschmitt MellO-C
multi-place fighter for the purpose of engineering investigation
and analysis. The airplane was received in exceptionally fine
condition, with practically every piece of equipment in working
order, whigh enabled us to conduct detailed studies and tests of
the more interesting equipment and structure,

We have completed a lengthy investigation of this airplane,
and herein present an analysis of our findings, in the hope that
others in the aircraft and related industries may find the infor-

mation of interest and value.

(LTI L e e

R. W. Palmer

Vice Pregident in Charge
Vultee Field, Calif. of Engineering
December, 1941 Vultee Aircraft, Inc.
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LEADING PARTICUL

General

Type

Puty

Overall span

Overall length

Overall height

Fuselage maximum width

Wing
TUOBET BITEE e ot et s s s i s s st ot o o 2 i o s et 2 s s s e

Mean aerodynamic chord

Taper ratio

Aspect Ratio

Main spar location

DAREATEL - oo o o e

Wing loading

Wing weight

Landing Gear

Tread

Mzin Gesar

Tires -~

Tail Gear

Brakes

Engine
Neme - — ——— i . £ ot e . i o st i i i . ! e

Thres-seater,
low wing, land mouno

Long Range Ilghtley

53 £t

o
e
s

i0 - in.

sq. [t.
92 in

2.7:1

7.3:1 {approx.)

38,.75% of chord

5.1/2 deg.

37 lbs/sq.ft. (approx.)

4.8 lbs/sq.ft. (approx.)

2 in
875 x 320 (metric)
465 x 165 (metriz)

Dual, 1-3/4 x 10-3/4

Daimler-Benz DB6OL
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Engine, (Continued)

Type

Fuel

Propellers

Name

Diameter

et e o i st

Control - -

Armament

Fixed guns - - _—

Cannon

Flexible guns

Bombs (alternate load)

Tank Capacities
Fuel
Normal - 4 Banke — oo s e
MEXIMUM = 6 BANKE oo oo o e s e oo s
0il
Two tanks —— et e e i
Fuel to o0il ratio —ww-— - ——

Weights (approximate)

Weight empty -

Useful load

Gross weight

-3

Leading Particulars

12-cylinder, poppet valve,
liquid cooled, inverted
Vee-—superchorged, spark-
ignition and fuel injection.

87 octane min.

VDM

Three-blade, controlliable
piteh, full feathering.

11 £,

Eleotric motor

Four & mm. {approx. cal.
.32)--nose mounted.

Two 20 mm.--nose mounted

One 8 mm., Ring and bead
sight.

Two 250 kg.

340 gal.
480 gal.

11.5 gal. each
1438 nor., 21:1 max.

9,900 1b.
5,400 1b.

15,300 1b.



Lesding Porticulars

i Nt

Performance

Maximum speed at 19,000 ft. e 365 mph

Maximum cruising speed at sea level - 263 mph

Maximum cruising speed at 16,404 ft. ——m——mmemeeee 304 mph

Maximum ecruising speed at 22,966 ft. —w-wo—m—e—eee—o 301 mph

Range at cruising power and speed -———-———————memm—- 565 miles

Maximum range at most economical power ——-————————- 1,750 miles (estimated)
Maximum duration ————-——mm e 7.0 hours (estimated)
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The Messerschmitt MellO long-range fighter is an airplane designed For
"plitzkrieg production" as well as blitzkrieg warfare. A brief examinstion
will reveal that its designers gave careful attention to the basic factors
governing mass production practicability and economy —- design simplifaction;
elimination of close limits and clearances; practical assemblies and instal-
lations; and a minimum variety of structural shapes and sheet geges -- and that
this airplane lacks in nothing that a high-grade military airplane should
possess. Ite performance is good; armament heavy; instruments and controls
are adequate. Long and short-wave CW and phone radio equipment is provided.

Manufacturing Limits and Tolerances

Production economy has largely been achieved by loosening up manufacturing
limits as much as possible by ingenious design. Interchangeabiliity of wing
fillets is a troublesome problem in aircraft production, as it is necessary to
hold close dimensional limits on the attachment screw holes in a part that is
curved in three dimensions, and extremely flexible. This problem is solved
by piercing large attachment holes in the fillet itself, and using attachment
strips that clamp the fillet edges between strip end wing or fuselage. This
design permits drilling of attiaching screw holes in strips and wing or fuseiagé
with matched drill-jigs to insure perfect alignment, and the large holes in
the fillet itself permit considerable dimensional variation of this part.

4 similar problem of dimensional variations between wing tips and panels

is met by special washers, screwed down over attaching holes in the skin.

523
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The attaching holes in the tips are large enough to compensate for variations
in the location of mating holes in either section of the wing.

An unusual design permits considerable fore and aft and vertical adjust-
ment of the nose-section wing fittings for alignment at final assembly. The
fitting mounting face and pad are finely serrated, and the mounting bolt holes
are oversize to permit adjustment of the fitting; with shear loads being trans.
mitted through the serrations, rather than through the bolts.

Self-Aligning Attachment Fittings

Self-aligning bushings for the majority of attachment f3i tings greatly
slmplify final assembly operations. These are also used as rod-end bearings
for the engine control rods, and appear to be a standard part as their nature
is such that quantity pfoduction would be a simple matter. Each bushing assem-
bly comprises two steel parts, an outer socket ground on its I.D. to & spherical
radius, and an inner bushing with its 0.D. ground to a mating spherical radius.
One side of the outer socket is notched with two reliefs spaced 180 deg. and
slightly widér than the inner bushing. This permits assembly by turning the inner
member at right angles to the outer part, slipping the two together, and rotating
the inner member into line with the outer. The assembled bushing has a ball-and-

socket effect, permitting angular alignment over an unusually wide range.

Interchangeability

It is obvious that the designers of the MellO concentrated egvery effort
upon developing 2 structural design so well adapted to mass production that
any reasonable accelerated production schedule could be met, snd one which
permits manufacture of completely interchangeable major components in widely
scattered shadow factories, to be later assembled at one or more centrally

located assembly plants, without regard to what factory produced a particular

sub-assembly.
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factor affecting produciiom

Exeminotlon of the alrframe reveals that every
was carefully weighed during the design of the Messerschmitt, even the congid
eratlion that the majority of assembly and fabrication must be possible of accon
plishment with semi-skilled labor in the event that accelerated production and
the demands of military service should bring about an acute shortage of skilled
labor.

The general conclusions to be drawn from chemical and physical analysis
of typical parts from the MellO indicate that metzllic materials used are
similar to those of American military airplanes. Slight variations in chemical
composition eiist, but a majority can be compared to domestic alloys —— with
the principal variations representing either coservation of strategic materials,
or simply the personal preferences of individual metallurgists. The use of
minimum quantities of nickle, chromium, and manganese would indicate the former
premise.

Non-metallic materials also are similar to those commonly used in this

country, excepting paints and enamels, which are entirely different, both as

to vehicle and pigments used.

Aluminum Alloys

A variety of aluminum-alloy samples from the Messerschmitt were submitted
to the Aluminum Company of America for analysis. These were examined and
tested by their Mr. F. Keller, and his findings as detailed in Alcoa Reports
No. 138-127 and 138-127A can be summarized ss follows:

The samples, in general, were of duralumin-type alloys having somewhat
higher magnesium and mangsnese contents than Alcoa 17S alloy, but lower copper
and magnesium contents than those of Alecoa 24S alloy. A mejority of +the

sheet samples had high-purity aluminum surface coatings and duralumin-type

alloy cores gimilar in thickness and chemical compesition to Alcos 24S. The

sl

mechenical properties of these samples were similar to those of Alcen 2487, The
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piog wnn of o duralumin type alloy with high manganese. A
pomb raek o samsie wes sede from un alloy of the 515 type with added manganese.
hrushed seotiong used in the wing spar assembly were made from a high manganese
the S48 bybpe.

made from a low-copper durelumin-type material somewhat like

rivets examined were subject to intergranular corrosion, while

ol nll other samples showed these subject only to pitting-type

Fad B e e,
Tha werious gamples had much heavier paint coats than are normally applied
lar sivareft In this country. The weight of paint was 1.06 ounces per square

foet inogome inctonces. The paint pigments consisted principally of mica and

Franaalum Alloys

hosurprisingly small quantity of magnesium alloy parts are used in the MellO,
i view of Germany's extensive magnesium production. The principal uses of the
peted ave the engine-mount beams, landing gear fairing, engine cowling, and miscel-
cenmons maall castings. An engine-mount beam wes analyzed and tested in the Alcoa
sabworptories, and found to be practically identical with our AMC58S elloy. A
gample o folring tested by the Dow Chemical Company was found to be similar to
znany Type-M alloy sheet.
Shenln |

A mojority of the steels used in the Messerschmitt are similar to carbon
anedl ndioy shteel used in this country, excepting that the sulphur and phosphorous
“untents sre very low-— for the obvious purpose of improving welding properties.
Lerresion-resiotant nickle-chrome iron alloys are not used. The nearest approach
Lo suen onn siloy fre the engine exhaust stacks, made from a 6.86% chrome steel,

havlng only o trace of nickle, and none of titanium or columbium.
iomsjority of the high-strength steel parts are alloys similar to our

SAE XKAL30 oned BAR X4135, with some parts made from a medium chrome-molybdenum

.
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alloy similar to a grade used in England for nitrided poels and Corgings, bab et

generally used in this country. This alloy has o composition of 348 carbon, 674

manganese, .012% phosphorus, .006% sulphur, .33% silicon, 2.32% chromium, .6
molybdenum, .28% copper, .17% venadium, .16% titanium, and .036% beryllium.

Protective Coatings

The dbpe coating applied to fabric surfaces of the Messerschmitt compsres
favorably with American dope coatings. The one outstanding difference is the
enamel applied over the doped surface to protect against ultra-violet light
disintegration, and to serve as camouflage. Enamels of the oxiding alkyd-resin
type have been used in this country for similar purposes, but were unsatisfactory
due to disintegrated enamel leaving a film difficult to remove and impossibile
successfully to re-paint. The German non-oxiding type enamel used on the
Megsserschmitt has the advantage of easy removal with toluol without damaging
the doped surfaces underneath.

The German zinc-oxide primer for metel parts is totally different from
that used in this country, where zinc-chromate primer is always used for the
basic corrosion preventative. Our experience has been that zinc-chromste
primer gives far better corrosion-resistance and imparts better adhesion to
aluminum and magnesium alloys than the zinc-oxide combinations used in the
Messerschmitt primers. However, since our vehicle is so different from theirs,
it is possible that their finishes provide equivalent protection.

One definite advantage of the German primer is its ease of removal, even
after long ageing. Another advantage of the German primer, and also the
lacquer and enamel top-coats, is their low cost. The most obvious disadvantage
of the German enamels is their comparatively poor hiding power and coversage.
fheir uce of large proportions of inert and low hiding power pigment mskes
necessory the application of more coats and addition of more weight to the

sirnlane.
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Cadmium pleting is apparently.not considered necessary by German engineers.
Instead, an extra heavy coat of paint is used in placeg where American practice
would cadmium plate. Other steel parts are protected by inexpensive black
enamel. %he effectiveness of paint alone for the protection of steel parts
is surprising, as comparatively little corrosion of steel parts is evident;
considering the long, unprotected ocean veyage made by this MellO during ship-

ment between England and California.

Threaded and Pinned Fastenings

The various threaded and pinned fastenings used by the MellO, such as
screws, bolts, and rivets, are somewhat different from those of American air-
planes, and merit separate discussion. TFor exsmple, taper pins are rarely used,
and a majority of rod ends are attached with tubular rivets.

Screws

Screws and nuts used to assemble the cockpit enclosure are a distinctive
type. The head of the screw resembles a brazier-head rivet and is not slotted.
The nut is a short length of steel tubing, slotted at one end to receive a
screvw driver, and is sbout four diameters in length. A lock washer is used
under tbé nut.

All gerews sre the slotted type, and & 290 deg. head is used on a majority

of countersunk scr
Nut-Plates

~

The German version of our AG366G sheci nubl-plabe appesrs Lo be more expensive,
although weighing less. This nut-plate consists of o dural housing of a shape
and size similar to AC366, and a threaded steecl insert. This insert is tapered
and has a 1/16 in. wide longitudinal sawcut through one side. The housing bore
is tapered, and has a tongue to enter the sawcut and prevent the insert from

turning. A durslumin nut-plate hoving a fibre insert gimilar to a "stop-nut" is

used in & few places.
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Countersunk rivets use o 100 deg. head, and are used Lo prodoce dimplon wisry
ever the sheet thickness permits. Steel rivets of peculiar construction are
used to attach the wing main-attachment fittings to the monospar. These £10Liiugs
are counterbored about 9/16 in. dia. by 3/32 in. depth at each rivet location.
The rivets are heat-treated steel and completely machined to form a rivet having
a c¢ylindrical head, and counterbored 1/4 in. deep at the driven end to produce =
1/32 in. thick wall. The approximate dimensions of these rivets are 13/32 in.
dia. shank, with a head 9/16 in. dia. and 3/32 in. high.

The rivet is used by placing a washer 13/16 in. dia. by 1/8 in. thick
(having a hole 1/32 in. larger than the rivet shank) over the driven end after
inserting the rivet, and then expanding the 1/32 in. wall at the shank end with
a spinning tool. Explosive rivets are not used on this airplane.

The rivefs for attaching fabric tacking strip to trailing edge ribs are
inexpensive, yet efficient, and each consists of four parts made as very thin
steel stampings. These are arranged into two assemblies, with each assembly
consisting of a head and a shuni.. The shank end of one assembly is open, and
_the shank of the other closed. One assembly telescopes into the other at
assembly, and small head is produced on the closed-end shank by squeezing the
two assemblies together.

Clevis pins are not used on the MellO. Instead a bolt, washer, nut, and

cotter pin are used for a majority of clevis connectlons.
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aoln oenel, with Lwo sub-spars extending between wing root and ENgine nace.

fring bwo ponels otbttaching directly to a truss structure built wit

SR OCTION /
Chapter 2

The esperschnitt MellO uses a monespar wing structure, agsentially

ciceloge Teoming. A single spar, at 38 75% chord, extends the full lenglh of

ctrpy Lorgion loads around the nacelle cut-cut and to support the Fuel
pie. wkelpght economy is obtained by aveiding abrupt structure changes
The wing plan form is a straight taper, with = span of 53 £+ 5 in , an
oo ol A4 sq. ft. and an aspect ratio of aproximately 7 2:1  The taper ratic
<4 7thy vnd the dihedral angle on the lower surface of the wing is 5% degrees

Palrly thick ratio of root thickness to chord of O 185 is used, and the

ctructure weight is 4 8 1bs/sq ft

g nipers

1t

‘he tapered cap strips for the main spar ars built-up from extruded angles

i luninum-alloy plate strips, with tapered steel-strip cap plates exbending

Fe g

outhourd 145 inches from the wing root  The spar 1s highly shear resistant, with

o

£y

v o llgnt vertical stiffeners being used only at rib stations The shear-weh

L% thick at the root, and is reduced to 045 at the tir by 2 process of

saveral decreasing steps. Near the tip where the bending stress is reduced, the

sided angle cap strips are replaced by forming the shear-web inte o chaennel
chien
ctor'n Hele:  The technical date for this portion of the Messersch

5 contributed by Mr. R Breltbarth, Group Leader in C
wing Design for the Engineering and Development Department
Vultee Alreraft, Inc.

Wt
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Two sub-spars extending between engine nacelle and wing roet at 4% ond 68%
chord provide structure for secondary bending between nacelle and fuselage, and
for torque connection at the wing-to-fuselage attachment. The forwrd sub-
spar consists of a sheet metsl web with formed-angle cop strips and formed
Z-gsection stiffeners. The rear sub-spar is a formed-channel with thin-gage
angle stiffeners.

A curved treiling-edge fairing closes the nif't portion of the wing and

serves as & fairing for both flap and sileron. This section is continuous
from root to %ipn.

Rib Construction

The principal structural ribs aft of the muin opar ar

&

truss type, with
formed Z-section rib caps and flanged channel-section dingonals. Two identical
channels are riveted back-to-back in highly loaded areus. While a majority

of structural ribs are truss type, there are several lightly loaded ribs of
conventional stamped or pressed design. Formed Z-section stiffeners of .032
in. material are located between the ribs. (11 ribs cnd fecrmers ore spoced
approximately 10 in. on center.

Stamped or pressed nose ribs fabricated from .032 in. sheet are used
forwrrd of the mein spor. These ribs are made in two pieces and riveted
together along the chord line during final assembly of the wing. This procedure
eliminates the necessity of holding the rib contours ho close limits.

Stringers

A mejority of the spanwise stringers sre hat sections of 045 in. material.
Four stringers are used on the upper surface, while only one is used on the
lower surface. These stringers are flattened where they intersect the ribs,

{thus meintaining the same area but reducing the moment of inertis) and are
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without attachment betwson stringers and ribs. The upper, forward stringsy

=

extending from Sto. #109 to the wing tip, differs by being a steel channel of .o

in. material.
Skin
The wing skin is aluminum-alloy sheet varying in thickness from .032 in.
at the tip to .082 in the region of the engine. All external rivets are 7lush.
type, of either 1/4 or 3/16 in. diameter, with punch countersinking being used
extensively. Chordwise skin joints are lap-type, and spanwise joints are butt-
type. Only three spanwise joints are used: (1) at the main spar uppers
() lower cap strips; and (3) at the trailing edge. Rivets are used rather
aparingly throughout the entire wing structure, excepting at the skin splices.
Wing Tips

Each wing tip assembly consists of a single curved stamping reinforced by
f conventional stamped rib. These two parts are riveted together, and the unit
ubtached to the wing structure by means of flush screws. The attaching screw
heles in the tip are oversize to allow for manufacturing tolerances. = Provision
is mode in each tip for a navigation lamp.

&
i

4lscellaneous Structural Details

it

'he wheel well lining, in accordance with the present degimm trends,
conpiots of fabric laced to the surrounding structure. Access to internal
ptrusture adjocent to the wheel well is through zipered openings in the fabric.
fecess to the structure for repair and maintenance is provided by numerous
rovovabie deors snd covers in the lower surface of the wing.
leedown fittings are located on the wing lower surface, well toward

v- dhese are of the exposed eyelet type, with no provision made for

ity thalr stresmlining or removal.

wiians hove been sparingly employed throughout the wing, being used
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SR i3 rocops end for g few reinforcements; with rolled or drawm

Pontoup gunsets and doubler plates are freely used. Flonpes on
desiclers vl pucoets rarely extend beyond the bend radius of the moterial which
Peoconteney Lo American practice.

sinimun variety of structural sections are to be gseen, with two sizes
¢f Tlanged channel-section being used for all rib caps, stringers, stiffeners,

sl onecess door reinforcements.

wWing Abttachmert Fittings

The wing-to-fuselage attazchment is made at four points, with the main
Fittings located at the main-spar upper and lower caps. Auxiliary fittings
neur the nose and trailing edge provide torque connection.

The lower main connectiqn consists of a clevis fitting attached to the
fuselage wing truss, and o« moting lug [itting attaoched to the wing spar lower
cap. The lug portien carries a self-aligning bushing to eliminate close
manufecturing limits. The bolt used for this connection is 1-7/8 in. dia.

The upper main attachment at the upper spar cap is a blade-like section
at the outboard end and changes into a 1-5/16 in. dia. threaded stud at the
inboard end. The blade end is riveted between wing skin and spar cap. The
stud-end fits into a flanged steel bushing attached to the fuselage wing truss.

The fore and aft torque connections are clevis joints similar to the main-
spar lower attachment. These fittings atinch te the fore and aft sub-spars and
each consists of four main units: (1) a threaded clevis fitting attached to
the wing ; (R) a lug fitting attached to the fuseluage; (3) & retaining collar;
and (4) an 11/16 in. dia. nut and bolt.

The wing attachment fittings on the fuselage are unigue by virtue of

incorporating provisions for hoisting the airplane. The forward fitting has
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an additional sheave-fitting to receive a hoisting line assembled over the
sttachment fitting as a permanent part of the airplane. The lower portion of
the rear fitting is grooved to receive a hoisting line. A1l fittings are steel,
and all lug-fittings are provided with self-aligning bushings. The front fittin~
has an unusual feature in the form of a serrated plate riveted to the fuselage
Lo serve as a base for the wing-attachment {itting. The fitting proper has
mating serrations and oversize holes for the attaching bolts. The serrations
1t both parts match when the [itling is assembled on the fuselage, and carry
shear loads when the bcolts are tightened: permitting the oversize bolt holes
to provide alignment adjustments.

The landing gear is attached to the wing at three major points. The two
main fittings attach to the forward sub-spar, while the knee-strut attaches
to the main spor. Heavy truss type ribs are provided in the region of the
ianding gear.

“uel Tank Compartments

The main fuel tanks are loccted at the inboard end of the wing panel, one
farvord and one aft of the main spar, with access provided through large removable
sovers on the wing lower surface. These covers are attached to the structure by

hine screws spaced on approximately 2-inch centers, and each consist of a flat

sneet reinforced by rolled stiffeners and a sheet-meital frame extending completely
syound the cover. Three-eight inch diameter pins attached to each corner of
the cover it mating sockets in the wing structure to carry the shear load, with
Lisr pereows holding the cover in place. The upper surface of the fuel compartment
v reinforeed by closely spaced chordwise stiffeners and spanwigse stringers,
eiped ol intersectlions with gussets.

ol tank 1s supported in a non-metallic frame by fabric straps, with the

cntent of avolding damage from metal "orange-peel" caused by bullets.

oy




Messerschmitt MellO Analysis Sec. I, Chap. 2

Vultee Aircraft, Inc. Wing

Two 1-1/2 in. wide fabric straps pass across the top and two 4 in. wide cotton
web straps across the bottom.

The phenolic-fibre frame is of oval section, having a major diemeter of
about 3 in., and a 1/2 in. mincr diameter. This frame is positioned near
the top of the tank, and extends entirely around the rectangular tank. The
frame has four fibre corner blocks placed approximately 12 in. from each end
of theltank. These corners serve as junctions for the strap slings and also
fasten the tank to the wing structure.

Each corner block has a holliow stud for attachment to the wing structure.
The structure adjacent to the top skin is reinforced at the tank attachment
points, and adequate fittings are provided to fasten the tank in plaéeo An
access door is provided in the skin at each attachment point.

Aileron Structure

The ailerons are slotted-type, fabric covered, and constructed along
conventional lines. The nose section is formed sheet of .035 aluminum-alloy
which extends back to a spar located at approximetely 20% of the aileron chord.
This spar extends the full length of the surface, and consists of a simple
flanged-web with gpanwise plates nested inside the flanges to provide additional
bending resistance. This combination of metal leading edge, and full-span spar
provides a rigid btorque-box.

The aileron ribs are [abricoted of (030 pope sheel metel with cireular

flanged lightening holes, and are either or prossed to shape. The

attackment of ribs to spar is accomplished by ormed sngles riveted to both ports.

L welge-sniped seomiess alunminum-alloy +ube ig uned ng ¢ Erriliise od-= strip, with

Sméal tupered mognesium blocks inserted into slets in the troiling =2dge tube ot

guin ri. _.iusrsection, cnd riveted to tube ond rib.

The method of fabric attachment differs from American practice in using



Pee, DL Ohan, 2 Messerschmitt MellO Anslysis
Wing Vultee Aircraft, Inc.

Dinenesbrips riveted to the ribs as the attaching medium, and sewing the covering
fabric to the linen strips. Distortion of the end-ribs by the shrinking of
doped fabrie is prevented by channel-gection stiffeners attached to these ribs.
Aileron Hinges

Bach aileron is hinged at the ends and center, with the hinge bracket
forgings attaching directly to rib structure, without benefit of sn aileron spar.
The surface is operated by an actuating lever combined with the center hinge,
end the inboard aileron hinge provides for both the aileron and the outbaord
and of the flap. All hinge bearings are of the exposed ball-bearing type
without integral dust shields.

Aileron Balance and Trim

The aileron is statically balanced by two concentrated external, stream-
lined, balosnce weights. A trim tab is installed at the inboard end of each
alleron. This tab is not adjustable in flight, but is adjustable for trim
on the ground.

Wing Flaps and Slats

The wing flaps are the slotted type, and similar to the ailerons in con-
struction. EBach flap is fabric covered, excepting the inboard, lower surface
which carries the aft portion of the landing gear door fairing. BFach flap is
binged at three places and is operated from its inboard end. The inboard and
center hinge brackets are flat plate-stock machined to shape, and carry ball
bearings similar to those for the aileren hinges.

The wing is fitted with automatic leading edge slots similer to the well-
known Hendley-Page slotted wing. A slat hinged at two points extends inboard
from each tip for a distence of 127 in., and copsistc of f~3P“V;~éf?“ sheat-

retol skin held in shape by small stamped-metal ribs.
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Chapter 3

EMPENNAGE

The empennoge design of the Messerschmitt Mell(O 1s somewhat similar in
contipuration to thot of modern Lockheed transport sirplanes. Its detail strue.
tuare 1o gquite different from sny used in this country -- particularly in the
construction of the fixed surfaces, ond in the use of an adjustable stabilizer

ten brim the airplane automatically for flaps-down landings.

doricontal Stabilizer

The horizontel stebilizer is symmetrical, straight tapered 1.21:1, with =
ratio of root-thickness to chord of 0.107 (approximately 10%). It is adjustable
sl interconnected with the flaps to lower the lezding edge of the stabilizer
syprozimetely two inches 4=1/2 deg. incidence when the flaps are lowered. Attoch-

ment. Lo the fuselage is by three bolts through self-aligning bushings and pin-

Jointed fittings arranged in a triangulsr patiern. Two of these fittings are nesr

stabilizer reer spar, and the third or front fitting is connected to the scrow-
frok mechanism for adjusting the horizontal stabilizer.
The construction of the stabilizer can best be understood by visualizing
copventional structure of front and rear channel-section beams, pressed ribs,
AR ets

w1 cover sheets being sliced along the chord line to give an upper and a lower

faity the cut edges of the ribs, beams and leading edge skin in each half then

g wrovided with flesnges so that esch becomes a "2V section. These halves
piceod together, and the entire outside edge riveted through the mating

the "2 sectlions and the nose skin, with the flanges of the main spar

: foter  The technicel deta for this portion .of
WS

1icel d ‘ , the Messerschmitt analysic
contrivuted by Mr. R. Degenfelder, Group Leader in Charge’ of
nnage Design for the Engineering and Development Department
of Valtee Aireraft, Inc.




Sect. 1, Chop. 3
Empennage

bedng obne oty beite ingerted through holes pierced in the upper and lover

clin shesto,  Dlnth pefches ere doped over the belt access holes, and a small
o gne o bun note o place iz rttoched over the flonges In the lewding edge

iy i EE P D ash GOrews.

# the ptebilizer consists of two symmetricel helves the following

lemep byt ton in confined to one of the halves: The structure 1ls o mono-spar

denipn, with the sper located et aporoximetely 40% chord end purallel to the

slevetor-hinge centerline (64% chord), ond comprising two extrusions (G.208

thickl riveted back-to-bock to on 0.188 thick web. This sper tepers uniformly

inte o bent up "Z% gection formed by a continustion of the spaer web. A forged

craor-Tibtting 1s riveted to the spor web at ecch Ste. #6 rib to provide support

for the stabilizer oft ettoching-fittings., A Z-section stringer is located at

s chord 23 o closing member for the oft end of the structure, and is not de-

s it is spliced at Sta. #0 and cut by the

8]

dipgned to teke primery bending loads, ¢
~onventreted belance weights. The front stringer is in three span-wise sections:
# conber member located on 15.1% chord and extending to left and right-side Sta-
Lions #2755 and two outboerd members which extend outward and aft to points 6-3/8
i, forwerd of the moin besm et left and right-side Stations #70. The center
wmeplar ig o formed Z-section, ond the respective halves are riveted together only
fetvern left and right-side Stetions #9. The outboard members each consist of a
formed Uorection riveted to o formed crp-ongle along the skin contour. The

cbidrer {ront-ctlochment fitting is riveted between ribs placed bock-to-back
‘o #0, ond projecte through & cuteut in front stiffener web,

wypen of ribs are used: One is o het-section stiffener identical with
o Dnseiege stringers ond verticel gtabilizer stiffeners; while the other is
foonueetion rib. However, except for the end-ribs, the respective

lves of e cormieie ribs are not joined.



Tre apocing o f ribs end gbifTenera 1s epproximately 9 in., giving o
ce i loun unsupported skin panel of 9 by 16 in. The hinge ribs are formed hat-
csetions with the hinge fitting bolded between the upper and lower members.
tatse in upper end lower skin provide bolt access.

The skin comprises twe formed sheets (.048 in.) spliced at Sta. #0 by a
tautle row of rivets. A formed angle riveted to the skin's aft edge provides

g

tiffmess.  All edges throughout the stabilizer assembly are provided with
aither on integral or riveted stiffener flange. The weight of the horizontal
stebilizer is 122.1 1lbs. or approximetely 2.77 lbs/sq.ft.

Yertionl Gtabllizer

The vertical stabilizer is an all-metal, stressed-skin structure similar
‘e the horizontal stabilizer having an irregular shape closely approximating
sy wlipse. The ratio of root thickness to chord is approximately 0.08, which
l# #lightly thinner than American practice.

The vertical stabilizer is also built in two symmetricsl halves, but
4iffers from the horizontol stabilizer in using two-spar construction, with
the [ront spar comprising a formed Z-section parallel to the rudder-hinge
centerline at approximately 33% chord. The rear spar is also a formed Z-section,
srid is locoted parellel to and 8-1/2 in. aft of the front spar at approximately
“#% chord. The attaching fitting rib and the end closing ribs are the only
fuli-depth ribs in the structure. These ribs are formed Z-sections riveted
together at assembly of the stabilizer halves. Hat-section stiffeners are
apnced approximately 10 in. on center between the full-depth ribs. Each skin
sheet s o single stamping having a flénge formed around the leading edge for
riveling the sheets together at assembly. A formed angle provides stiffness at

the oft edps of the skin sheetls.
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NMesseraschmitt P
Yulbes pipes

The weptionl stabilizer lower tip is a stamping, while the upper tip is a

gosewalided nasenbly, and both are attached with flush screws. A micarta block

bolted to the upper tip leoding-edge provides cntenns nttoclment.

The werticrl stobilizer front attachment is by two eye bolts through fit-

blaga an Lhe sft face of the front-spar web. The bolt eyes streddle a boss

rivetsd to the horizontal stabilizer main spar, and a single bolt passed verti-

e

*

erlly through bolt eyes ond boss completes the attachment. The rear attach-

g

mand sopniats of a conventional pin-joint, with a self-aligning bushing in-

papated In the lug-fitting.

seft snd right-side vertical stabilizers are interchangeable by re-

phaeing the tab control support bracket and rear stabilizer-attaching bracket.

“he welght of the verticsl stobilizer is 25.25 1bs. or 2.59 1bs/sq.ft.

The elevntor contour is o straight toper from nose radius to trailing
edge. The trailing edge is stroight tapered with the outboard end Eut to
cleayr the rudder extreme position, znd the nose section is a radius about
the hinge centerline., Stotic and dynamic balance is obtoined by concen-
troted steel weights loczted et left snd right Stotions #46.25. Aerodynamic
blence 18 lacking, except for a servo-acting tab. The weight of each
#lavetor including tab is 26.0 1bs. or 2.27 1lhks/sq. ft.

The elevator construction is conventional' except that the ribs are
full sontour, and the spar consists of intercostals riveted to nose skin and
ribs,  The ribg are conventional "C" channels with lightening holes in the
wiliny, end sre spuced on approximately 9 in.centers. The trailing edge is
siromslined tubing opened at each rib to receive an attaching block riveted

te the rib flunges. The fabrie covering is sewed to cloth tacking strips

abtinched nlong the ribs with special tubular rivets.

b
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Toraue bube ablachment ls by riveted connection bebween an i

Flange at the tube' s oubtboard end and the closing rib, and is not de

bending loads; as these are apparently taken out as deflection of the clo

rib web. The torgue tubes join at Sta. #0 by bolting control lever and b
support between integral flanges on their inboard ends. The initermediate
hinge is a link-and- pin design, with the link being bolted between the two
ribs forming the torque pyramid around the nose-skin cutout. The outboard
hinges are mounted in a conventional manner on the end of the elevator, with
the hinge bolt in single shear. Self-aligning bearings are used at all hinge
points. The left and right slevator frame assemblies are interchangeable by
replacing the tab control support-bracket.
Elevator Tab

Fach elevator is provided with a combination trim and balance tab. com
prising a single skin sheet wrapped around three tapered-block ribs and riveted
along the trailing edge. A ball bearing is ring staked into each end rib, and

a pin carried by a fitting riveted to the elevator rib projects into the tab

bearing to complete each hinge. The hinge pins are not accessible after the o
vator is covered, and tab replacement requires cutting a hole through the fabric
covering to register with an access-hole in the structure around the tab hinge
The tab center hinge is gimilar to the elevator inboard hinge support.
The control lever is integral with the movable portion of the hinge and is
pinned to a socket in the solid center-rib  Left and right tab assemblies
are interchangeable by replacing the control lever. Each tab weighs 1.3 lbs.
or 1.34 1bs/sq.ft.
Rudder
The rudder traiiing edge is irregularly shaped to closely approximate an

ellipse, with the leading edge being a radius about the hinge centerline.

.
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Stotic ond dynnpde balonce is obtained by a concentrated steel weight located
4 /4 In. nbove the centerline of the horizontal stabilizer. The area forward
of the hinge line at the top of the rudder is utilized for aserodynamic balance.
el rudder weighs, complete with tab, 16.5 1bs. or 2.53 1lbs/sq. ft.
The construcvion of the rudder is similar to the elevator. The upper and
Powor ninges are similar to the elevator inbosrd hinge, and the rudder inter-
oiiete hinge incorporates the control lever. This lever is made from 1/4 in.
“ plute to receive the pressed-in bearings for hinge tnd contrel push-pull
tube, snd with a tapered spacer on either side is bolited between the ribs form-
iy the torque pyramid around the nose skin cutout. The left and right rudder
Prome assemblies are interchangeable by replacing the control lever. The por-
Lions of the rudder above the upper hinge and below the lower hinge are formed
sheet metal tips, beaded for stiffness, and riveted to the hinge ribs.
‘udder Tab
The rudder tab is for trim only, and its structure is identical to that of
the elevator tab. Due to the small section at the hinge centerline, the bear-
ingis are mounted in fittings on the rudder frame, and 1/8 in. steel wire pass-
e the full length of the tab to form the hinge pin. Left and right-side tab
snsemblies are interchangeable, and weight, including fittings, 0.40 1bs.

vueh, or 1.35 1bS/SQ'ft‘

e
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- Chapter 4

FUSELAGE

The fuselage structure is a simple semi-monocoque type extending from
sene to tailwheel bulkhead. The basic design is such that it is adapted
Lo mags production. It is manufactured in symmetrical halves, joined
vertically along the centerline to form the complete structure. These
helves could be assembled in simple vertical jigs arranged to give the
cerkmen free access to both exterior and interior surfaces of the half,
timg tremendously accelerating production by eliminating the necessity of
vorking in a close, cramped fuselage interior during assembly operations,
sermitting a larger personnel on assembly operations. It is reasonable to
selieve that a majority of the electrical wiring, plumbing and control
sechonism within the fuselage is installed in each half while 1t is still

the jig, and freely accessible
Ctructural Design

The fuselage structural design involves bands of aluminum-aidoy sheet

stont 19 in. wide, with the edges of each alternate band being rolled over

‘vt n Z-section to form integral bulkhead rings. Bands adjacent Lo the

ormed sheets are simply flat sheets sprung into place, with the whole
‘oined by flush riveting and joggled joints to form a structure free of

ternnl bracing members. Reinforcing extends af'tward from the nose

woiion tulkhead to the rear cockpit, and hat-section stringers extend
‘i iength of the fuselage. A main-beam truss comprising a T-beam lower
smber ond a tubular upper member connects across the fuselage. Each

swin aneet extends from the lower to the

Kote: The technical data for this portion of the Messerschmitt
snalysis was contributed by Mr. L. Standley, Group Leader in
Uhurge of Fuselage Design for the Engineering and Development
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by short stringer-sections radiating from the fitting. The skin from Sta. #187
to Sta. #222 is one piece and is stiffened by a Z-frame at Sta. #205.

Structure Aft of the Cockpits

Spliced to a Z-frame at Sta. #222 is a skin panel terminating with a
Z-section and joggle at Sta. #240. A series of skin and integral frame
combinations extend aft from Sta. #240. Every alternate skin panel has a
joggle and a 1 in. high Z-flange rolled on each end. These sections form
half the fuselsge, znd splice at top and bottom. Connecting these sections
are flat skin panels wrapped around and riveted to the "Z" ends. The joggles
are long enough to allow ample shop tolerances, and the space between skin and
joggle ends is filled in smooth with a gubstance similar to glaziers putty.

Longitudinal stringer spocing is from 13 to 16 in. on the sides, and 8
to 10 in. on the bottom. Very few stringers extend for%ard of Sta. #187.

In some places where stringers chonge section, they stop at one side of
a frame and begin on the other without tie-bars or doublers; thus depending
upon the gkin to carry the load. Also, at numercus places light eguipment is
attached directly to the skin without local support.

Nearly all of the stringers are inverted hat-sections of uniform size,
except those st top and botiom. These are wider to provide for two rivet
rows at the skin butt-joint on the centerline. All stringer cutouls in the
Z-frames are oblong holes with slightly upset edges. The frame sections are
connected at top and bettom with short channel-shape splice plates.

Tail Wheel Bulkhead

The tail wheel and horizontel stabilizer attach to a canted frame be-
tween Sta's. #419 and #449. Additional stringers are used aft of Sta. #401
to carry landing and flying loads.

A removeble fairing attaches aft of canted frame to provide access to

the

i



Lrough the skin for access to fuselage equipment are rein-

ahrnnael or hot-section doublers. Doors: are attached with either

iz ond nut-plates, or self-locking screw-type fasteners.

Trere cre very few skin load-concentrations which reguire doublers,
. . “i mest ol these have doublers with rounded edges placed on the outside of
tae niin, Lo eliminate joggling of interior parts. Doublers mot in the air-

tyevm bove plightly rolled edges for stiffness. Skin rivets throughout the

sntire fuseloge are uniform, spaced about 1-1/8 in. on center, and those in

Jir- stream cre counter-punched flush.

The floors throughoul the cockpits are flat sheets attached to light

s-mambers and secured with screws.
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LANDING GEAR

i A hydraulically-operated, fully-retractaoble main landing gear is used,
with the lending gear "legs" being folded aftward and up into retracted
position within the engine nacelle lower fairings, and completely inclosed by
sutomatically operated doors, extending the length of the nacelle fairings.
Actuation is accomplished by an hydraulic cylinder comneeting to the center of
u knee-strut, with the result that compression of the cylinder 1ifts strult and
wheel into retrscted position

Hydraulic Actuation

The hydrsulic system uses a meximum working pressure of approximetely
2,000 1lbs/sq.in., and the landing gear mechanlsm 1s simplified by automatic
locks, for extended and retracted positions, built within the sctuating
cylinders. Thus, each landing gesr installation comprises but a pivoted
cantilever shock absorber strut and wheel sssembly, a knee-gtrut, and an
hydraulic actuating cylinder

Emergency Air Pressure Actustion

A compressed air syshen srergoncy actuating of the landing
gear, with air stored in wwm !l oyllcders of asporoximately 2,200 1bs/sg.in.

pressure.

Wheels and Brakes

Q.

Manually-operated dual-bind hydrmoalic wheel brakes are used. Standav
tire and wheel agsemblies are used, with 875 x 320 metric tires being [itted

to the main landing gear, and o« 406% x 165 tire used on the tail wheel.
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ENGINE

General Description

The Daimler-Benz DB-601A engines used in the Mell0O are liguied-cooled 12-
cylinder, 60 deg-inverted-Vee type; with the cylinders arranged in two banks
of six. The major features of this engine are use of fuel injection instead
of conventional cerburetion, and a fluid-drive, variable-speed supercharger.
This engine is apparently manufactured by both Daimler-Benz, and Mercedes-
Benz, as both firms are mentioned in contemporary literature on the subject.

For a complete discussion of the DB-60LA engine refer to "Mercedes-Benu
DB-601A Aircraft Engine" by Raymond W. Young, appearing on pages 409 through
431 of October, 1941 issue of the "S.A.E. Journal".

Variable-Speed Supercharger

The variable-speed centrifugal supercharger is n convenbicnsl 10-1/4 in.

dia. machined aluminum impeller, running in o vaneless dilTuser, and driven

from the engine through a hydraulic coupling very similar to the fluid-drive

of some Americen automobiles. This coupling iz said to permit automatic varia-
tion of the drive-ratic to mointoin matimuwn supercharger efficiency at altitudes
between sea level (7.5:1 retic) snd bthe eritical (10.4:1 ratio).

The supercharger drive-coupling comprises a balanced pair of driven turbine-
wheels, located at each uside of a single two-faced driving turbine-wheel. The
latter is actuated from the crankshaft accessory-drive gear-train by a shaft

passing through a quill-ghaft in one of the driven-wheels. Engine o0il is the

Fditor's Note: The tecainal data for this portion of the Messerschmitt analysis
was contributed by R. Soucek, Experimental Engineer, and H. S.
Fowler Jr. Power Plant Analysis Engineer for the Engineering
and Development Dep. of Vultee Aircraft, Inc.
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snd verying the amount of oil supplied the coupling is the means

sryving the zupercharger drive-ratio.

o] ; v
suppiled directly to the combustion chambers through individual
v served by a Bosch 12-cylinder injection pump, using equipment similar

The injection pump is fit-

] engines, but lighter and smaller.

Latwesn the cylinder blocks, provided with menual control, and automatic

"
[ R Wit

for manifold pressure, manifold temperature, and altitude.
¥iei found in the tanks of captured airplanes equipped with the DB-601A
heen 92 octane C. F. R., although the engine is apparently designed

A small quantity of fuel found in the strainers of the airplane

=ined nt Vultee wag analyzed by the Shell 0il Company laboratories, and

nt te rate about 90 octane C. F. R,

L

N

L

i

B, 2

LA

wibvucbion Features

e main bearing caps are secured with threaded collars having & splined

instead of the usual six points of ¢ hexagon nut. This construction per-

)

use of nuts in confined locations.

“onr valves are used in each cylinder, with the two exhaust valves using

filled stems.

novel means is employed to attach the cylinders to the crankcase. TFach
sv skirt is externally threaded below its flange, and this threaded sleeve
through the crankcase deck to be held by a large ring nut having gear

ot ite 0.D. The nut is tightened by a pinion-wrench piloting in the crank-
Flen ity

redluction system of the DB60LA includes an automatic, atmospheric.

gre controlled throttle. This unit, mounted on the accessory section,
o tutterfly valve in the menifold between supercharger impeller and

arottle, to maintain zltitude-corrected manifold-pressure supply at the

e



I, Chap. 1

panual -throttle.
A chronometric mechanism adjacent to the propeller-control motor Limits bLuke

i'f power to one minute. This unit is brought into action when the throttle con-

ol is moved past the normal full-throttle stop to reach take-off power manifold
ressure. Sixty seconds leter, the action of the limiter unit returns the throttle
o normel maximum position and increases the propeller pitch to reduce the mex-

imum engine RPM from 2500 to 2400.

Fower Plant Ingtallation

A simple straight-forward power plant design is used for the Messerschmitt
#5110, comprising an engine mount formed from four sturdy magnesium forgings,
«ich atbtaching to & fitting at the wing main beam. The complete power plant
astallation is readily removable from the airplane by disconnecting a few lines
4 control rods. In fact, the complete instsllation is undoubtedly assembled
+ unit, and then quickly connected to the wing during final assembly operations.

A1l control rods and bellcranks are obviously standard parts, identical with

‘i ose used in other German military aircraft, and of a type originally developed

v Junkers, wherein serrated faces on bellcrank levers are clamped betwsen flanges

. n btorque rod or bracket bushing to permit adjusting the lever or levers

+ the proper angle for a particular application. Mping, end fittings, clamps
I P I 2 8 ’ s,

brackets, and the like are also standard perts. This practice of standard-

iring all engine instellation parts is groatly assisted by the fact that practi-
ily all German military airplanes are equipped with either a Daimler-Benz, or
Sunkers Jumo engine, and both these have approximately the seme overall dimen-

#ions, connections and contreol locations, permitting the use of identicel mounts

LIS 3¢

Yny elither sengine.

Ieeine Mount
Fuch engine mount essentlally comprises two cantilever beam engine-bearers,
Csmd Lwo compression struts. Each cantilever beam iz atiached to the engine through

B
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two meoslive rubber blocks, one st the forward-end snd above the engine CG, and

saother spproximately midway of the besm and aft of the CG. Verticel loads are

roclotod by compression members atteched to the cantilever beams at points slight-
by forwerd of the rear shock-absorber. Engine mount beams and struts are magne-
siuws-alloy forgings, and are attached by steel fittings and self-aligning bush-

to the main beam and the landing gear support structure. Side loads are

repiobed by a loose-joint yoke arrangement connecting between the inbosrd com-

sression strut and the airplane structure.

The engine cowliﬁg essentially comprises light-metal alloy sheel secured
ut the aft edge by a rolled extrusion, and atiached along the other edges by
guarter-turn snap-lock fagteners. A hinged door isg provided in each side of the

cewling for spark plug access. Vents are provided at the cowling leading-edge

to provide air blasts around the base of the exhaust stacks, and through the

necessory compartment.

The magneto is a dual type of excellent design and workmanship. The high
tension cables are 18-strand reverse-wound copper, with three laminated coverings
compriging rubber, cotton breid and flexible lacquer. The wire braid around the
rorness and cables is only partlally effective es radio shielding and is not

i

erproof. The spark plugs weigh less than comparable American plugs due to

¢ luminum shield-barrels and ceramic ingulation. Refer to the Appendices for com-

vlele informetion on magneto, ignition wiring, and spark plugs.

ngine accessories include:

(1) Starter - electric inertia, with provisions for emergency hand crank
ing by a shaft sxtending tc the side cowling.

(Il}  Generator - 24 volt, 1500 watt.

(111} Hydrsulic pump (or optionally, vacuum pump) - swashplate driven,
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gix-plunger type.

(1V) Coolant pump - centrifugal.

() 0il pumps ~ pressure pump is gravity-feed through wire wound filter.

A scavenger pump is located in the aft end of euch camshaft cover.
. (VL) De-aerator - Mounted underneath the engine and aft of the injection
pump unit.

i The engine intake air is drawn through the leading edge of the wing by a

8 right-angle scoop having nine turning vanes, and connecting with a six-inch dia-
meter duct leading to the supercharger intake. Inteke air preheat is not pro-

‘ vided, as this is probably not necessary for a cylinder-head fuel injection engine.

. Exhaust System

The exhaust system consists of individual stacks attached to three-stud

: exhaust-port flanges. These stacks face upward on the outboard side of the na-

i celle, to prevent the hot gases entering the coolant radiator, and downward on
the inboard side, to avoid exhaust glare interfering with the pilot's view. The
: stacks are heavy-gouge steel, formed and welded Lo the desired shape. No attempt

; is made to shield the exhsust Clames from the view of pround obuervers.

Engine Controls and Instr

j Engine controls are prouped In pairs on s quudront at the pilot's left, and
&
; include throttle, supercharger, snd =ixtore. Control creep is prevented by lea-
i

. ther friction washers in the control wusdrant. The levers are long, and should

. The engine primer pump s locoted at the pilot's right, and delivers fuel
from a special two-quart tenk to the intake manifold. A plate on the tank speci-

@ fies priming-fuel mixtures as being: "Summer - 90% gasoline, 10% oi

()

; and
§ "Winter - 50% gasoline, 40% ether, 10% oil".
I Engine instruments on the pilot's panel include:

(1) Manifold pressure gauges.

~3
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(11) Electric tachometers. These consist of AC voltmeters calibrated

in revolutions per minute, and actuated by AC generators driven
g%t 1/2 engine speed. A clue toward the engine operating limits
ig given by marks on the face of the tachometers at 2200, 2300
and 2400, probkably corresponding Lo normal cruilsing, normal maxi;
mum, and take-off rpm.
{111) Coolant gaugses.
Openings are provided in the engine cowling for additionul engine instruments.
These were not installed when the MellO reached Vultee, but were probably oil pres
sure, oil temperature, and fuel pressure indicators.

Fngine Charscterigiics Compared with Allison and Rolls-Royce

Daimler-Benz Allison Rells-Royce

Medel © & v v ¢ « « « + « « « « . . DB-601A V-1710C Merlin X
Number of cyiinders . . . . . . . . ‘2 12 12
Arrengement .+ + . v+ v &« + « .« Inverted Vee Upright Upright
Vee Vee

Bore (inches) . .. L . 5.
Stroke {inches) . . « . . . . . . . 6.0 6.0 6.0
Piston displacement {cubic inches) . 2070 1710 1647
Military rating (horsepower) . . . . 1000 1090 1025
Military reting {reveclutions per

MInUte) . v v e e e e e e e e 2400 3000 3000
Militery rating altitude (fest) . . 14 800 13,200 17,750

{high blower)

Egtimated horsepower 15,000 Ft. . S 1020 1150
Take-off horsepowsr . . . . . . . . 1450 1040 1045
Take-off PV . v v o« ¢ o ¢ « « « 2500 3000 2850
BMEP (militery reting) . . . . . . . 158 168 164
B {take-of f) . v v « v v o . . . . 167 160 176




(cont'd.) Daimler-Benz Allison

Gompression ratio « .« o+ . . . . . 6.8 6.65 v

Take-of f gp ‘cu. in. displace-

ment per minute. . . . . . . . . .0C0L1l ,000101 000111
bry weight (pounds) . . . . . . . . . 1367 1325 1394
Unit weight (1bs/to®p) « « « = « . . 1.19 1.27 1.33
. Height (inches) « « v « « v v « o o « 40.5 42.1 4.1
?j Width (inches) . « « « « » « . « . . 20.1 30.6 29.8
i Overall length (inches). . + . . . .  84.0 9.5 75.1
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PRCOCPELLER

erel Description

ineh engine drives & three-blade, electrically controllable propeller of

#4,. 3 in. diameter. These propellers are not a constant-speed type, and

iinde is provided with a worm sector and pinion near the blade root, with a

snd driven by, a planetary gesr train mounted directly behind the propeller,

v a propeller-control electric motor mounted on the engine crankcase, and

4riving through a short flexible shaft.

. Connection of propeller support-shaft to engine propeller-shaft is

i

) gperation at take-off power for more than one minute at a time.

: Fropeller Blades

s constructed quite differently from our Curtiss electric propeller, as each

spur gear on each pinion shaft meshing with a large ring-gear concentric with,

a1, the propeller support-shaft. The planetary gear train, in turn, 1is actuated

n ihrough a flange coupling having mating flange faces deeply serrazted Lo relieve

the clamping bolts from shear load. An aubomatic timing device prevents engine

The blades are forged aluminue slloy, nnd heve hollow shanks machined with

5 three large, square-cut threads urranged te mote with a cylinder supported on

roller bearings within the hub. A ge

driven by the pitch control worm.

ar sechor on the 0.D. of this cylinder is

Propeller cuffs are not used, and ihie power section of the blade is carried

due to the abrupt section change causing excessive stresses in the shank.

Editor's Note: The technical data

to the hub. This construction was discontinued in this country several years ago

for this portion of the Messerschmitt Anslysis

wes contributed by R. Soucek, Experimentsl Engineer, H. S. Fowler
Jr. Power Plant Analysis Engineer and Nell McGaffey, Mechanical
Engineer for the Engineering and Development Dept. of Vultes Alr-

crait, Inc.
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Piteh Control Mechanism

é 5 ’ The mechanism for controlling the piteh provides for selective settings

through & range from low pitch to full-feathered position. Basically, it is

a means for mechanically controlling the relative position of elements rotating

on the same axis.
Driving gear A (Refer to Fig. 2), rotating at propeller speed, rotates

planet gears B, which in turn rotates driven gear E through idler gear C and

planet gears D. Gears A and E are 84-tooth while gear C is 87-tooth.

1 Since AC _ 1, gear A and gear E will rotate in unison so long as the axial
5 : CE
1 points of gear D and B remain constant.

Since gear A and D are rotating at propeller speed, planet gear G, being

fixed to the propeller, will be prevented from rotating about its own axis by

gear F (which is integral with gear E) meintaining a constant pitch of blade K

through worm and gear in housing J.

To alter pitch of blade K, electrically-driven gear I rotates gear H which
carries planet-gears B. As gear A has 84 teeth and gear C has 87 teeth, one
revolution of gear H will advance gear C three teeth forward of gear A; gear B
being common to both.

Gear C driving through gesr D, will then move gear E relative to gear A an
equal emount; snd, gear F being integral with gear D, will rotate gear G about

its axis, altering pitch of blades £ through worm and gear al propeller shank.
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FURL AND OTL SYSTEMS

FUEL SYSTEM

deneral Description

The major features of the MellO's fuel system are the use of selfl-sealing
fuel tanks and electric-driven, immersed fuel pumps. Four main fuel tenks are

housed within the wing struciure, two within the nose section and two more aft

[91]

of the monosper, with all tanks inboard of the engine nscelles.  FProvision 1

nlso made under each wing panel and outboard of the nacelles, for sn sxtra-
range tank, which can be jettisoned when exhausted. The front main-tanks ars
100 gal capacity, while the rear tanks hold 70 gals each. This gives the air-
plane a normal fuel capacity of 340 gals. For long range bomber escort, the

gextra-range tonks bring the fotal to approximately 400 gals.

One elsctric-driven immersed fuel pump 1s used in each wmain tenk, althougn

| the pumps in the nft toenks deliver fuel only to thelr respective {ront tanks.

: Two wobble pumps, of o gimple dinphrogm bype, sre mounted In the wheel wells and

5 operated by handles zt bLhe prits draw from the front-tanks

and supply fuel to the o Trde seems to be the only provision for

crogs feed, as the immersed puwspe In fhe feont bonks supply fuel only to the en-

gine on thelr respsctive ¢

. Two edge~type straliners wre mountod in series in the fuel supply line to

each engine. Thess units are locabed in the wheel wells, and are readily

- accegsgibie for cleaning.

_ Editor's Note: The technical dots for this portion of the Messerschmitt Ansly

. wes contributed by R. Souecek, Experimental Engineer, and H. S
Fowier Jr. Power Plant Analysis Engineer and D. S. Hooker, Re-
search Engineer for the Engineering snd Development Dept. of
Vultee Aircreft, Inc.

AR
£
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Standard filler units are used on all four main-tanks, with the unused out-
lets of each being plugged. The caps are easily accessible for filling from the
top of the wing. Vent lines from the filler units of each tank tee together and
slope gradually to a point within the wing trailing edge.

A fuel quentity gage unit is located in each main tenk. This consists of a

cylinder about two inches in dismeter, extending to the bottom of the tank and

containing a float sliding on @ shaft connected to a rheostat in the top of the

gage unit. The rheostat arm is rotated 2s the fuel level changes by lugs on each

side of' the float being guided by spiraling channels. 4 fuel level indicator and

tank selector switch are provided on the pilot's instrument panel.

A de-aerator is mounted beneath the engine, and functions to remove air
and vapor from the incoming fuel. Its discharge is teed into the fuel by-pass
line from the injector pump and carried +o the resar main-tanks.

Operation of the Fuel System

Take-off is accomplished with the two front pumps, as operating the aft

pumps would be useless for these feed only the front main-tanks. As the fuel-

level in the front tanks begins to fall, the extra-range tanks under the wings

automatically feed their fuel into the front main-{t nks. A float valve is

midieEiiaiag

arranged to shut-off fuel delivery when the affected front tank is full, and

thus prevent overfilling and loss of fuel. The float valve functions on

delivery from both the extra-range and aft tank,

o s

The automatic supply from the extra-range tanks is accomplished by the
vacuum-pump discharge air-pressure being impressed directly on the surface of
the fuel. 4 relief valve prevents excessive pressure.

The pilot has no way of gauging the fuel in the extra-range tanks, but

so long as the front main-tonks show full it is obviocus that the extra-range

tanks are feeding. When the front main—tank level begins to fall, the extra-

renge tanks can be jettisoned by the pilot,
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The pilot then switches on the aft main-tenk pumps, wpd Lhoeos
keep the front tanks full by delivering through the float shuloll vl

normal operation, the simplicity of the system is obvious. & new pllel

only to turn on the two front pumps before starting the engines, to jettlsmon
extra-range tenks when these are exhausted, and simultaneously turn on the ranr

pamps .

OIL SYSTEM

General Description

0il Tank

0il is circulated through the engine by a pressure pump fed by gravity
from the oil reservoir, and supplies both the lubricating system and the super-
charger hydraulic drive-coupling. After passing through the engine the oil
drains to the camshaft covers, where scavenging pumps force the oil through
the cooler and back to the reservoir. All oil pumps are positive, mechanically

driven by the engine.

The oil tank is located above and aft of the engine, so that the pressure
pump is gravity-fed under all conditions, except possibly during steep climbs.
The total volume of each oil tank is 11.5 gals., but since space for expansion

and foaming must be provided, it can be assumed that the normal capacity is

sbout 7.5 gals. This equals a fuel/oil ratio of 77 to 1.
0il Cooler

The oil cooler is curved to permii & neat installation in the propeller
blast underneath the engine. Controlled oil cooling is reportedly provided
by a variable-position air exhaust shutter, but no evidence of such an arrange-
ment was found.

Temperature is measured as oll enters the pressure pump, and it is believed
the gauge was located on the inner side of the engine cowling in a position visi-

ble to the pilot during flight.
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0il Dilution System

0il dilution, to aid cold weather starting, is similar to the U.S. Air Corps
practice. Fuel under supply-pressure is sprayed into the oil entering the oil
tank, through a collar containing six 0.078 in. dia. holes, drilled radially a-

round the return line.

SELF-SEALING FUEL AND OIL TANKS

General

The Messerschmitt MellQ self-sealing fuel and oil tanks are not as effec—
tive against 30 and 50 cal. gunfire as current American made self-sealing tanks,
but are as effective as American self-sealing tanks built in 1939 and the early
part of 1940. The installation of the Messerschmitt fuel tanks is superior to
most current American installation both in regard to bullet-proofing and simpli-

city. Other facts and conclusions obtained by exemination and test are:

(1) The MellO had four self-sealing fuel tanks and two self-sealing
oil tanks.
(11) Each tonk 1s on independent semi-rigid unit.

(III)  All tenks are easily installed, inspected and removed.

(IV) A minimum amount of metal is used on the tanks, and between tenk
and structure.

(v) The fuel tanks are comparatively bulky, thick, and heavy.

(V1) From the fuel side outward, both fuel and oil tanks cre compsed
of a layer of fibre, a layer of leather, and 3 layers of rubber.

(ViI) Two fuel tanks showed 55% effective sealing sgainst 20 shots of
30 and 50 caliber gunfire.

(VIII) One oil tank showed 674 effective sealing sgainst three 30's and
was blown open by one 50 caliber bullet.

(1x) The deterioration of the tanks due to aging and abuse may possibly

-
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” have, but probably did not, appreciably influenced their performance.
‘ (x) The workmanship on the tanks was excellent, and inspection stemps
were plentiful.

Tank Instelliation

. Each fuel tank is an independent, gemi-rigid unit mounted in a rectangular

j frame encircling the tank in the chord plane. These frimes are oval tubes, ap-~
proximately 1 in. x 3 in. crose seclion, wnd made of & tough, rigid vulcanized
fibre. Canvas and vulcanized fibre strape abiached to the [rame pass over,

under snd around the sides of the tank to form a cradle holding the tank [irmly,

yet not rigidly connected, within the frame. The frame, with cradled fuel tank,
is attached to the wing structure with four large, hollow steel-bolts.

One oil tank is installed aft of each engine in a location near the top of
the nacelle. The tank is firmly attached to, and suspended from, a rigid fibre
structure by two canvas straps. The fibre structure is, in turn, bolted to the

engine nacelle structure. No encircling plastic frame is used. While the oil

tank cannot swing like a pendulum, & certain flexibility is allowed by the can-

vas straps.

Each fuel tank is o roughly trapaseidial shape, with generously rounded
corners. BEach tank has three openings in the top: one for the quantity gauge;
one for the immersed fuel pump; and one serving oo o combination filler opening,
vent line connection, and overflow connection.

The tenk waell is composed of five luyers, whieh, from the fuel side outward,

are.

(1) A 1/16 to 3/32 in. thick pressed or molded fibre shell.

(11) A 1/8 in. thick layer of tamned lesthor.

(III) A 3/16 in. layer of plasticlzed raow rubber.

(IV) A 1/64 in. layer of tightly-curcd, nearly pure rubber sheet.

(V) 4 1/8 to 3/16 in. cover of highly-loaded, black, vulcanized rubber.
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The fuel tanks were evidently made by molding the fibre to form the two ends
of desired shape and cementing them to I-section, riveted fibre ribs. The ribs
serve both as structural members and as partial baffles. The center portion is
nade of o sheet of flat sheet fibre wrapped around and cemented to ribs and ends
making a gasoline-~tight container. The leather is wrapped tightly around the
fibre shell and the joints scarfed and sewed. The raw rubber is wrapped around
the leather and the seams overlapped. The thin rubber sheet is loosely wrapped
around the raw rubber and its seams generously overlapped, sc that most of the
tank area is covered by two layers of this thin sheet.. None of the layers are
cemented to any other layer. The black-rubber covering is made in two pieces;
one molded to form the bottom, sides snd ends; and the other to form the top. The
top overlaps the'sides, and the two are held together by short canvas straps.

The openings for the gauge, fuel pump, and filler are molded fibre rings,
cemented to the fibre shell and extending through the other layers. The outer
black rubber cover is attached to each fibre ring by binding with wire. Steel
studs are pressed into each ring; and the gauge, pump, and megnesium filler neck

casting are attached to these studs.

Description of 0il Tanks
The oil tanks are constructed in the same menner and materisls as the fuel
tanks. FEach oil tank holds 11.% U.8. pals and has an opening at top and bottom.

Firing Tests

Firing tests on two fuel tanks and one oil tank were conducted by Vultee.
30 and 50 caliber machine gun bullets were shot into a«ll tanks at a rangs of 75
£4. using both ball and armor-piercing ammunition.

The fuel tanks were installed and shot separately in a section of the origi-
nal wing structure mounted in a jig which permitted firing from any angle or side.
The fuel tanks were filled with 87 octane aviation gasoline 24 hours before firing,

and this gascline wes used in the tanks during the firing tests. Micro-analysis

-
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srali somple of gosoline found in the fuel strainer revealed that the German
e wng very similar to our 87 or 90 octane aviation gasoline.
Ginele shots only were fired through the right-hand forward tank, entering

wi both the leading and trailing edges of the wing. Two single 50's and a

st of five 30's were fired into the right-hand rear tank, with the wing in a
4y position and the shots entering through top and exiting through bottom
iank and wing. Shots were counted as leaks if liquid flowed through the wound
7o than two minutes after the shot was fired. Two 30 callber shots on the reear
el wore disallowed because they were above the liquid level. The results of

ie {iring tests are summarized by the following table:

R.H. Fwd. Tank R.H. Rear Tank Both Tanks
30's 50's 30's 50's _30's 50's Total
Hhots fired 5 7 5 5 10 12 22
ihobs scored on 5 7 3 5 8 iR 20
[ ks 1 4 2 2 3 6 9
. Gealing 80 43 33 60 63 50 55
g The firing test on the oil tnnk wns conducted by suspending the oil tank from
2§ 5 pteel frame. A4 60 deg. tumbling plute wos placed in front of the tank in lieu of
i
?i nucelle structure. The tank wes filled three-quarters full of S.A.E. 60, Grade 120,
Q; inroshell oil heated to 185 deg. F. Tiroe 0 cnliber rifle bullets and one 50 cal-
?i iber machine gun bullet were shot throwgh the funk Irom front to rear. The results
i: sre summarized below:

f. Shots fired 4 1 4
. Shots Scored on g 1 4
h: Lzaks over 2 min. 1 1 2
% Sealing 67 0 50

e
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The results of the firing tests on the fuel and oil tanks show that their
oversll effectiveness is quite low compared to current American fuel and oil tank
installations. However, it is quite possible that current German tanks are sub-
stantially more effective than the ones tested by Vultee.

The leaks in the fuel tanks caused by 30 caliber bullets were not ssvers.
One on the entrance side of the forward tank was caused by the bullet pushing a
piece of the fabric support through the tank well to hold cpen the wound. The
other two, on the exit side of the rear tank, were only film lesks. However, all
these shots were near the top of the liquid, and an increased head of gasoline
would undoubtedly have caused greater leakage.

The performance of the fuel tanks against 50 caliber gunfire was even poorer

than indicated by the score. Of the seven 50 caliber shots fired into the forward

tank, only one came out below the liquid level and it did not tumble. There was,
therefore, practically no possibility of exit leesks on this tank. Three of the
entrance holes were steady stream leaks and one, only 2 inches below liquid level,

was a film leak. Once started, none of the leaks sealed or diminished in intensi-

ty with time; the raw rubber, being largely soluble, was washed out of the wounds

e
S e

by gasoline.

The oil tuank proved tc be very poor. Two of the 30 caliber shots did not
tumble and these did not leak. The other 30 caliber shot tumbled partislly and
caused a small stream leak at ithe exit, which did not close off. The 50 caliber
bullet entered straight, tumbled inside the oll tank, and broke out a very large
hole at the rear of the tank.

Examination of the fuel and oil tanks af'ter the firing tests revealed that
the fibre shells were badly split by both the 30 and 50 caliber gunfire.

Discussion of Tanks

Since the construction of the Messerschmitt fuel and oil tanks is identical,

they will not be treated separately. The inner fibre shell has three functions:

10
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‘L lo s gasoline resistant container: provides seml-rigild support for the flex-
ible lesther and rubber layers and meintains the shaps desired; and acts as a
form over which the flexible materials can be assembled. The leather layer is
probably to provide strength and enable the tank to resist bursting and tearing
under the hydraulic ram generated by a high-speed projectile entering a liquid
such as gasoline or oil. The plasticized raw rubber is to seal the holes caus-
ad by the bullets, probably by cold flow and swelling actions. The thin cured
sheet 1s probably to hold the plasticized raw rubber in place during assembly,
Lo prevent its sticking to the outer cover, and te providé a slip-plane be-
tween the raw rubber and the outer cured-rubber ccver. The outer rubber binds
the other materials together, protects them from sbrasion, crushing, or other
damage during normsl use, and serves to return the plasticized raw rubber to

plane after being punctured, so that it may seal.

The fuel tanks bore inspection stamps of May, 1940, and the oil tunks

- were stamped October, 1940; so they were probably designed at lesst o vesr

“ prior to that time. Au fur o ic knewn, in 1039, there were no American fuel

or oil tanks which would effectively sesl %0 crnliber bullot holeg and very few

tensively use self-

. which would seal 30's. The Germang wers bhe Pirsl to

i sealing fuel and ¢ll tanks; and undeubbedly brve isproved thelr tanks since

. 1939 and 1940.

tenk congtruction are:

The principal disadvantages of the HallO

(1) It is heavy (3 lbs/sq.ft.). Most American made tanks weigh
about 2 1bs/sq.ft.

(II) It is thick. The averags wi)l thickness of 11/16 in. is greater
than most American made waterials, which are less then 7/16 in.
thick.

(I1I) The fibre shell splits considerably under gunfire, allowing the

liquid to act over a large area.
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(1v) The raw rubber sealing layer is quite soluble in gasoline, readily

contaminates the fuel, and is easily washed away.

(v) The outer layer is weak, and splits or tears easily.

(V1) The tank cannot be readily repaired, but must be replaced after

being subjected to gunfire.
(VII) The construction is complicated, necessitating & large proportion
of hand labor, with resultant high cost.

On the other hand these tanks posess the following advantages:

(1) The tank is a semi-rigid unit facilitating handling and installstion.

(I1) The number of outlets is reduced to & minimum.

(III) The amount of metal near the tanks is held to a minimum.

The tanks were out of service nearly a year before the firing tests were
conducted. During this time, the tanks were subjected to rather severe weather-
ing which, some observers felt, might have influenced the results. However, this
ig improbable. The fibre shell was found to be resistant to aviation gasoline
similar te that found in the MellQ fuel strainer. The fibre was readily softened
by water, and water softening could have been used in forming the fibre. Even
if the fibre were less britile and did not split so badly, it is doubtful if the
performence would have been better; since the tears in the leather and rubber were
considerably smullor then the spiits in the fibre. The outer black rubber cover
was undoubtedly detericrated by munlight, calt water, and aging. This would effect
its snap or resiliency, but inspecticn showed that the outer rubber returnsd fairly
well in plane around the punctures. It is doubtful if the lesther or inner rubber-
layers were deteriorated by aging, since they were well protected.

Discugsion of Installation

In contrast to the poor performance of the tanks themselves, the installation
is, in general, very good. It is evident that great pains were taken to design

a structure particularly well suited to leak-proof tenk installation. Both inside

e
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puteide surfaces of the skin are heavily coated with paint which probably
dunen sparking. The hat-ssction stringers are formed Instead of extruded

ceduce  the shrapnel effect which occurs when o bullet plerces an extrusion

oy canting. The wing ribs are far apart ito make possible the use of large tenks,
which are lighter per gallon than small tanks: dissipnte the shock caused by a
#ullet into & larger volume of fuel; and greatly diminish the speed of.the bullet
v traveling a longer distance through fluid. Three cut of five of the 30's and
three out of seven of the 50's fired into the nose of the forwned tank did not
sxit. The tank 1s spaced two or three inches away fram zurrounding structure,
minimizing the cutting action of metal orange-peel. The sirap atbtachment of
tanks to frames provides flexible shock-absorbing suspenaion without concentrat-

s#d support loads. The frames are attached to the wing struciurs with only four

bolts, and a large removable skin panel is directly below o tank; go hank

lnstallation, inspection, and maintenance are relatively aim

TABLE I

WEIGHT AND MEASURES OF
. Thicknoss  Weight
| inches b
jj Forward Fuel Tank 5/8 to 3/ Lig.a 1000 L, 18 3.0
i Aft Fuel Tank 5/8 to 3/4 : 1 3.0
0il Tenk 5/8 to 3/4 0 8.4 L. 4,34 _

Welght of tanks includes fibre and wmagneslum Tittlngn, ribs, ete.

Weight of o0il tank is wet.

PROPERTIES OF Rifnl

Plostlioized Cured Quter
¢ Hubber Rubber

Physicol Properties

Specific gravity 0.95% 1.25

o
Sk
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(Table II cont'd.) .Plasticized

Sect., II, Chap. 3
Fuel and Cil Systems

Gured Outer

Raw Rubber Rubber
Hardness (Shore A) - .69
Tensile strength @ break, 1lbs/ sq. in - 11.29
Stress @ 300% slong. 1bs/sq. in - 21.21
Flongation @ break % - 466
Plasticity @ 212°F. 150 -
Plasticity @ 78°F. 320 -
TABLE III
DESCRIPTICON OF SUPPORT CRADLE
{1) The base material is a vulcanized fibre.
(11) The fibre was made from paper-to-paper board iayers.

(iii) The cementing material was urea-formaldshyde-resin.

(iv) The lacquer coating was urea-formaldehyde-alkyd resin, probably

oil modified.

Ny
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SECTION L

Chapter 4

COOLING SYSTEH

General Descripticn

A coolant radistor for each engine is provided vensnih the wing, in positions
the wing flaps.

™e absence of a

rear spar at these locations permits the radiators to exterd wwurds for the depth
of the wing, greatly minimizing the exposed, or frontal warss vresented to the air

stream. This fact, in conjunction with placing the » locotion where

a disturbance of air flow will have slight effect on
the MellO an extremely favorably coolant radiator instleliation. Coolont ls 8 mix-
ture of 50% ethylene glycol in water.

Overation of Cooling System

1
i:s

The coolant is circuleted by a centrifugsl pusy
L &

ends of the cylinder blocks. The coclant lo conducted rew pamp Lo the in-

of the coolant

teke sides of the cylinder blocks, to enter the

jacket. After circulating throuph the jnobet ¢+ lenh g digeharged through

a port at upper, front exhsust gide of Lhe Liuvw, rnd senducted to the expansion

tank. The c¢oolant outlet temperoture g seoey by oap dsmarsed-bulb thermo-

“he ooolunt passes from the

meter, indicating on the pilot's inghtrument o
expansion tank to the wing radiator, through tie rrdlistor, and returns directly
to the coolant pump.

The extreme upper, aft poriion of e cooiant jacket 1s vented to the

Bditor's Note: The technical data for Lhi: sption of the Messerschmitt Analysis
wag contributed by H. Soucek, Experimental Engineer, and H. S.
Fowler Jr. Power Plant Annlysis Engineer for the Engineering and
Development Dept. of Vultee Alrcraft, Inc.

s
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prnk bo owveid phbeam pockets developing during dive conditions. The
Foep E}

ni o te leented at the front of the engine, arcund and below the pro-

i‘TZ

ile-acting relief valves at the upper ends of this seml-circu-

wo intaln pressure in the system between 14 and 19.7 lbs/sq. in. abso-

are provided with drains to discharge surplus coolant overboard. A bal-

sennects the upper ends of the expansion tank.
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SECTLON IIT

General

Among the interesting features of Lio Muiierooiudbl FellO flight controls

hanten with the

system are: —— (1) Interconnection of

ailerons and horizontal stabilizor; - (1) Zlccoe o o suefnee conbrol lock;—

(3) Pilot's controls designed as o vl noaerddy with he nllot's seoly ——
(4) Use of self-aligning ball-boarisg: preettiben ity w i venpring ourfnceg) ——

(5) Use of push-pull rods, steel wirc:, sni fere fubes Yor control link-

age; and ——— (6) One-man flight cont: throughout, without dupli-

cation of controls in the afl coclpio

Pilot's Control Sti

The pilot's contrel nlick ml sovianias 15 designed for installation

Gfudinal channels attached at

as a unit assembly. Thic comprises

each end to the airplone si-us ure i cupport rudder pedals, pilot's seat,

and control stick as a compis

or tooe Laiwen nree of steel members welded to

Elevator and =ail

vers Thane welds, in common with other welded

forged and sheet-steel le

2 joints in the airplane, ure ol .io ittt ioints, rather then the fish-mouth

; or diagonal joints used by Ancricnn

The contrel stick is o sirel Lube bent aftward directly above the

Editor's Note: The technicul dats o dhis portion of the Messerschmitt =
analysis wos contiribubted by Mr. W. Withee, Group Leader
in Charge of Ilight Controls Design for the Engineering
and Development Dopnriment of Vultee Aircraft, Inc.
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stick socket [[itting, and then forward to a vertical position at the handgrip
to give an overall length of 27-1/2 inches. Shielded electrical wiring for
the mochine gun, cannon and bomb-release control switches in the stick hand-
grip is clipped to the stick's forward side.

The control stick hand-grip is molded hard-rubber, shaped with finger inden-
tations on the forward side and a slight forward and leftward tilt. The stick
movement measured at the top of the hand-grip is 18 in. from neutral in all
directions. |

All stick mechanism bearings are unshielded ball-bearings, with & leather
greagse-retainer washer held against each side by & very thin metal strip bent into
"U" shape around the bearing. Bearing retainer nuts are not required on torgue
tube axle bearings, as the tube ends are turned down to form stubs extending
through each bearing. Bolts and tubular-rivets are used to attach torgque tube
fittings, and taper pins are conspicuous by their absence. Push-pull rods are
uged for clevator and aileron control linkage in the cockpit, with self-align-
ing bearings used for connection to the relatéd bellcranks.

An interesting connection 1s used between control stick and elevator
torque-shaft. Thic consiste of link 4-1/4 in. long, connecting between the
stick socket at a point 5-1/4 in. nbove the pivot-point and an arm welded
to the elevator torgue shaft. Aileron movement does not affect elevator
movement when the stick is in neubtral position, but when the stick is either
forward or aft of neutral a slighl elevabor movement 1s obtained when the aileronc

are moved.

Pilotfs Rudder Pedals

The rudder pedals pivot from the bottom o oparate push-pull rods inter-
connected by a torque tube beneath the pilot's seat. The arrangement is quite
conventional, and is similar o the rudder pedal mechanism used by many American
airplanes. The pedal and brake-linkasge movement is approximately a parallelogran

metion.
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Each pedal is a cast magnesium-alloy grill provided with';n integral heel
plate, and a tube bent over the top to form a stirrup. The pedal is connected
to the pedal arm by a small pressed-in axle tube pinned to a clevis formed on
the pedal base. The pedal clevis siraddles another clevis in the end of the
pedal arm, and within the pedal arm clevis there is a short arm extending
forward ‘o connect with the master brake cylinder plston rod, and pinned to
pedal axle-tube. A short vertical link rod connscts between the tip of pedal
and the piston rod. The lower end cof the brake master cylinder is hinged to a
point slightly forward of the pedal arm pivot point. Thus, fore-and-aft
movement of the brake pedal operates the rudder without appreciable movement
of the brake cylinder, and tilting of the pedal operates the brakes without

moving the rudder.

At a point midway between pedal pivot and pedal arm pivot is the con-

nection for the operating push-pull rod leading to the rudder pedal inter-

connecting system beneath the pilot's seat. The rudder pedal inter-connect-

ing system is a simple linkage system of steel tubes. A bellecrank on the

rudder pedal inter-connecting system is linked to a push-pull tube extending
aft to connect with a wolking-beam. Steel wireg extend aft from this walking
beam to connect with the rudder wecbanian in Lthe tail cone.

Rudder pedal pogltlion-odjustwent is oblalined by small star-wheels

vwhich operate jack-screws connected between the forward end of the rudder
pedal push-pull tubes and the pedsls proper. This arrangement allows for
varying the push-pull tube length 1-1/72 in., with a proportionate change

of pedal position.
The 1/8 in. dia. steel wires connecting between rudder and elevator
walking-beams in the aft portion of the gunner's cockpit, and the contrel

mechanism in the tail cone are used in pairs; being held about 11/16 in.

apart by clips spaced from 12 in. to 30 in.. Some of these clips are of

&
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micarta and others are steel, and all are two halves clamped together by a
single screw. The wires are threaded at ends and screwed into small clevis-
end fittings, which are pinned to a large clevis fitting. This large clevis
fitting attaches to the operating mechanism by a 1/4 in. dia. bolt passing
through a ball-bearing.

The rudder control wires are in pairs along the right side of the airplane,
beginning at a vertical walking-beam, and follow & spiral course down the length
of the fuselage to cohnect with a horizontal rocker-arm on the forward, lower

part of the horizontal stabilizer. A torque tube extends through the stabi-

lizer at this point to a rocker-arm on the upper surface. From this rocker-

arm push-pull tubes extend outboard to belleranks attached directly to the

left and right-side rudders. Stops at the lower rocker-arm on the stabilizer

limit rudder travel to 35 deg. left and right.
The control wires are fairleaded at three or four points throughout thelr

length, by phenolic strips slotted for shifting of wires due to bellcrank move-

" ment. The control system operates very freely, as the complete absence of

pulleys reduces operating friction to & minimum. Practically all bearings

are double row self-aligning unshielded ball-bearing type.

The brake master cylinders are the compression type, with external reser-

voir, asnd are about half the size and weight of those in general use in this

country for an airplane of comparable weight.

Ajleron Controls in Wing

:
.
!
;
.
-
}%

The aileron control within the wing couprises a group of push-pull rods

and levers connecting between the alleron-drooping unlts at the fuselage,

and the operating bellcranks at the ailerons. A push-pull tube connsctse
between each operating bellcrank and its respective aileron., All of the

mechanism within the wing can be inspected by removal of stressed-panels

o

g
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sttached by machine screws in the wing lower surface.

Alleron tabs are adjustable on the ground only, by means of a turnbucile
connmecting between each tab and aileron. These tsabs are for trim only; as no
servo action is provided.

From an assumed spanwise loading distribution on the wing the applied
loading in the low angle of atteck condition is 116 ibs/sq.ft. The design
loading would then be 174 lbs/sq.ft. The degign aileron hinge moment uging
& 4/3 - 2/3 loading of 174 1bs/sq.ft. would be 11,300 in-1bs. Since it would
toke & design load of 945 1bs. on the stick in the cockpit to produce en 11,300
in-1bs. moment on the aileron, we can assume that this aileron have very

effective leading-edge aerodynemic bslance.

Wing Flaps and Slots

The wing flaps are conventional alleron~type, with the hinge below the
lower surface. Operation is provided by & torque shaf? extending scross the
fuselage, and carrying a bellcrank at each end; from which a push-pull rod
extends aft to connect with the inboard end of the respective flap. Power
for flap operation is provided by a hydraulic actuating cylinder comnnected
to the left-side bellcrank. Emergency operction i provided by a compressed

air system.

The left-side bellerink wive commeets to a toothed rack extending aftward
to operate a cable drum by neans of o gpur gear. A cable extends aftward from
this drum to a length of roller chain pbassing around a sprocket driving a

screw-jack connected to the horivontal stabilizer leading edge. The arrange-
ment is such that the leading edge of the stabilizer is lowered about two
inches when the flaps are lowered.

There is & smsll Bowdenite cable extending forward from the torque-tube

a3

arm to a flap position indicstor in the cockpit.
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Vultee

filerens when the flaps are lowered. This is accomplished by ingenious toggle
pecran e commected to the aileron push-pull tubes to give the effect of very-

ing the lengih of these tubes when operated by movement of the wing-flap torque-

iner wing slat is fastened rigidly to a lerge channel-section, which in
furn e sttached to the wing structure by o heavy chordwise link pinned to two
Covers to form a parallelogram linkage. A push rod extends aft from each link
te ronneet with & bellerank located aft of spar. A spanwise push-pull tube

conenhs betwesn the two belleranks to balance the fore and aft movement of the

The inboard bellcrank is equipped with an unused bearing, apparently for
inberconnection with the wing flaps to insure complete opening of the slots
whenever the flaps were opened. In fact, a deseription of an early-model
Yecserschmitt appearing in an English seronautical magazine states that slats
and flaps are interconnected. However, it would appear that this was found
undesirable, and eliminated on later models.

Bievator Tab Control

The elevetor tabs are operated by a hand wheel located at the left-side
4! Lhe vpilot's cockpit. The controls in the cockpit are conventional, but
the method of actuating the +tabs is quite unique, as torque tubes rather than

pabiies ores used.

M ont of the hand vwheel in the cockpit rotates a 3/8 in. dia. rod
wuns of bevel gears. This rod extends the length of the fuselage to an
byrevarsd bie nul and worm loeated nesr the horizontal stabllizer rear spar.

sarriod by a short clevis arm connected to a spanwise torque tube

cienpg the gtabilizer rear spar. This btorque tube terminates at

Lhe teft aoo pightoside tabs, and is fitted with levers comnecting to push-

Fad

o e
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pull rods linked to the tabs. Due to the forwaerd lever being off-center from

the elevator hinge line, the tabs have servo-sction as well as trim. Approximate

tob movements are: 25 deg. up and 30 deg. down for both trim and servo.

A very simple position indicator is provided for the elevator tabs. An
operating torque rod is threaded near the hand wheel, and a special nut with
2 pointer fits on the threaded portion to move fore-and-aft along a scale

when the hand wheel is turned.

Rudder Tab Control

The rudder tab is operated from the pilot's cockpit by means of « control
lever mounted horizontally at the right side of the cockpit. The arm hav a
pointer which is spring loaded ogainst a notched quadrant graduated to

indicate the tab positions. Spring and quadrani are depended upon to prevent

shifting of the tab setting.

A vertical shaft from the control arm is fitted to a pgeur meshed with

a rack to give fore-and-aft movement to a rod extending to the af't end of the
fuselage.

L bellerank at the centerline of the horizentsl sinhilizer changes the

push-pull rods fore-and-aft movement to & spanviue motion, which is trans-
mitted to the tabs by werns of pueh.puli tubes, beilerenks, and linkage at
the tabs.
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“eneral Description

The Messerschmitt's hydraulic system reveals several interesting innovations

‘rom American practice, the most oubstanding being simplicity of the system

i tself; made possible by elimination of secondary units, such as pressure re-

sulators and accumulators. The schematic system diagram shown at Fig. 1 is

believed to be accurate, but as the hydraulic system was partially dismantled

pefore the airplane reached Vultee, it was necessary to reconstruct the

circuits by logical deduction. The working pressure of the system is estimated

to be between 1500 and 2000 1bs/sq.in., as an emergency air actuating system

charged to about 2300 1bs/sq.in. is provided.

The left side engine nacelle accommodates a landing geur actuating

cylinder and two hydraultic lines which lead from the cylinder and join the right

o ¢ the fuseiago. The right side engine nacelle

nand cylinder lines at the glde of

‘

accommodates a landing genr oyiinder, crplee deiven hydraulic pump, system

ail interconnected by short lines.

relief valve, and filter und peie vy

lunding gear cylinder lines lead

TR T

Suction, pressure, relurn nd

from the right side engine nacelle. The susiion line leads to the emergency

hand pump; the pressure line from L band punp leads to a "two-way" direc

+ional valve located directly above the band pump; with both units being

1ocated at the left side of the gunner s

Editor's Note: The technical data for thig portion of the Messerschmitt
analysis was contributed by Mr. J. M. Hadson, Group Leader
in Charge of Landing Guar and Hydraulic Design for the
Engineering and Development Dept. of Vultee Adrcraft, Inc.
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There is no accumulator used in this system and nc independent pressure
regulator, as the pressure is governed by meximum pressure relief valve sefting,
and pumyp delivery being by-passed to the reservoir by automatic neutral, open-
genber type selector valves except during the period of system operation.

(e {ilter and one pressure relief located in the right engine nacelle
paas the fluld to the system, 81l units being operated at the same fluid pressure,
The {ilter is quite small, and similar to the Cuno Auto-Kleen.

ALl lines in the fuselage are quite short, and nested to the fuselage to
present s smell target. The nesting or grouping of lines at the fuselage pre-
gente o very gerious service handicap, as many lines are inaccessible at fuse-
lage bulkhesnds.

An independent compressed air supply is provided for smergency operation,

and a hand pump Dor ssnusl operation of landing gear and wing flaps. The emer-

gency alr system consists of s pressure bottle, selector valves and automatic
fluid by-pass velves.

The compressed alr sy ia light, simple and easily serviced, connec-—

Y

tions being furnished for rechsrging the air bottle from an exterior source.
Qur only criticism of the installation la thet the alr lines to the actuating
cylinders are nested with the hydrauliec lines, making it possible for both

biydreulic and air systems to be rendered incperstive by & single projectile.

Lines and Fittings

The tubing used for the hydrsulic lines is soft sluminum-alleoy simlilar teo
our 28 1/2H. The ends of the tubes are secured by three plece couplings, com-
prising a aut, flared clamping ring, aﬁd liner to seal between the tube and fit-
ting. All tube assemblies are painted brown their full length, and flow arrows

are painted at intervals. Many fittings are eliminated by generous use of flex-

ible hogse; the menner in which the lines are routed; and by welding where 1t is
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sacessery bto join lines.

411 end fittings are standardized, to eliminate adapters, reducers and
sniong in the lines. Bulkhead fittings are provided where the lines pass
through the fuselage and wings. The connecting nuts on flexible lines are
orinted the code color after installation and adhesive bands with printed
srrows are wrapped around the swaged part of the fitting to indicate di-
rection of flow.

Flexible hose assemblies consist of an inner liner of synthetlc rubber
with & rubber impregnated woven cover surrounded by loosely wound wire. An
additional woven cover over the wire wrapping is covered with an outer-layer

of two thicknesses of impregnated fabric. Upon exemination it was found that

the outer cover, which is porous in nature, had deterlorated and become se-

- parated from the bonding materisl; permitting the wire wrapping to rust. The

inner lining showed o tendency to crack in service. In general, these hose

assemblies appear infouricr Lo similar American components.

i Compressed Air System for Wmerpency Acotuabtion

! The emergency alr gyubewm For cpevaling Pending geasr and wing flaps con-

inter, two munually operat-

gists of an air botitle wiith bulli-in preoosure ¢

ed needle-type valves and an sir-operabes Dluid by-poos valve connected to

each actuasting cylinder.
The air bottle is of conventionsi cornsiruction. with a diaphragm-type

bettie,  There are three outlets provided;

pressure regulator attached at
to the outside of the fuselage for filiing: ho the pressure gage on the instru-

ment panel: and to the selector valves situated just below the instrument panel.

These valves are a simple needle-type, and are provided with a second needle
for exhausting the system pressure to the outside air.

The automatic air valves, of which the flap cylinder valve shown at figs.




Mesoerae

Vol tee

ki : Sec. IIT, Chap. 2
irie. Hydraulic Equipment

phond, ore basically a check valve, preventing hydraulic fluid

the alr system, and shutting off the fluid supply when the air pres-
Sure s oseed. Reference to figs. 5 and 7 will show that a spring loaded piston
Pl o dier seal in’each end normally rests against the air-port of the valve,
silowving fluid to pass through the valve in either direction.
A sufficient air pressure is applied to the valve the plston moves away
Prom o the olr inlet port and is forced against the fluid inlet port, thereby pre-

o the alr from escaping intoc the fluid system or exhausting through a

hydraulic line.

The air passage around the air-inlet end of the piston is sufficlently re-
rieted to maintain a pressure on the piston great enough to overcome the load
the épring and force the fluid valve to seat. The air then passes through
‘he valve into the actuating cylinder to extend the flaps or landing gear. As
this is an emergency system no provision is made for retracting the landing gear
or Ilaps.

No seals are used on the periphery of the piston, (but a close fit is

uaed to prevent excess air or fluid loss during the movement of the piston).

Lending Gear Actuating Cylinder

The landing gear retracting cylinders, shown at figs. 3 and 4, while in-
orporating many unusual design features, appear unnecessarily complicated,

neive to manufacture and difficult to assemble and service. The mechanism

enplayed to lock the piston at either end of the stroke offers the major cause
~or eriticism. The lock is an integral part of the piston, engages by spring
prossure and releases by hydraulic pressure. While automatic locks offer a grest

¢+ wdvantages the locking mechanism of the MellQ has several unfavorable fea-

f ztudy of the cross section drawing at fig. 4, will show an excessive
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number of precision machined partsy a tendency for thoe locking elements o drag
through the stroke of the piston; the difficulty of disengaging the locks for
servicing; and the need of special tools to disasgemp]e tive eylinder for inspec.

tion and repair.

%: The locking action is obtained by the conical seclion «f the spring loaded
5 plungers forcing outward the balls radially disposed uroinn: i piungers.  These
-% bulls cause the bronze Segments of the locking ring to e 1 the groove pro.
.

g vided at the affected cylinder end.

Fluid entering the cylinder must displace the plunger - o Lo balls

and ring segments %o he conpressed inwardly by the N e e b rLng
: groove in the barrel before the piston can move. Ap b Prestsae resniirad bo
i

? move the piston is not necessarily as great as that TOsired fo G apnee bhe
lock and start the pisten meving, the plunger will «ibes:: .. Cotarn Lo the
locked position, thersby creatihg a high friction dre g ba ey Jasiing sege
ments and cylinder wall.,

Check valves are provided in each plunger to porain o sinpincement of
the fluid between the plungers. These Chneei ve bven qugais 1 Fluid to lesve
the cavity between the rlungers o provests Phe et Plrerefy eliminating
to some extent the friction dvng cnoned by p pesiin norings. There is
sufficient seepage irom Lhe onger oo ef thee nvonon o s ilow the plungers to
assume their meximum stroke position.

The piston rod, the retracting portion of iLie cisbon seal and the cage for
one element of the lock zare integral, being mechined from o steel forging. In
the piston rod a means is provided to depress the extended-lock plunger, per-
mitting disassembly of the cylinder.

The c¢lamp ring for the retracting sesl also acts ag a bearing to locate
the piston in the barrel. The seals are lorger in cross section and of uoni.

er mata
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fluid pressirss snd 2lipht misalignment.

terrel is machined from cast steel. Each end is provided

with sn slecteionl lock-position switch operated from a plunger displaced by

iovking ving sepgments. These switches are wired to indicator lamps on the

rument penel; arranged to glow until their respective locks are fully

The eylinder ends screw into internal threads in the barrel and seat

wat Liat packing rings. Snap rings are used to secure the elements of the

nnil piston ends.
The Janding gear actuating cylinders have a bore of 2-3/8 inches and a

«gie of 14-1/2 inches. Although these cylinders are of steel, their weight,

smiivnive of the locking feature, compares favorably with American cylinders.

An automatic hydraulic lock is provided in addition to the integral cy-

imr lock, to fluld-lock the cylinder at any degree of extension immediate-

+y upen release of hydraulic pressure from the lines. This lock will allow

the londing gear to extend but will prevent its retraction until fluid pres-
sure is applied to the retradting side of the cylinder. The emergency air valve
wri the hydraulic lock are secured as a unit to the exterior of the cylinder

syl sre interconnected with brazed steel lines. The landing gear cylinder air
wnlye and hydraulic lock are similer to those of the wing flap cylinder in both
penatruction and operation.

#ing Flap Cylinder

The wing flap cylinder shown at figs. 6 and 7 is of advanced design and
shwisugly a product of large scale production; as forgings, pressure stampings
afigh perew-machine parts are used throughout.

e gluminum alloy cylinder barrel is machined from a forging yequiring

the minimum of finishing operations. Additional machine operations, weight and

the possibllity of leakage are reduced by the mounting end-cap and barrel being
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integral. The piston rod and piston head are forged and machined in one piece.
Two soft synthetic rubber packing rings of large cross section, and two retain-
er nuts complete the simple piston assembly. Internal threads and packing seat
is provided at the open end of the barrel to accommodute the end-cap, which con-
tains the cup-type piston rod packing and its retainer nut. The seals and end
cap are secured by snap rings.

Self-aligning, spherical, two-piece bearings are provided for mounting the
cylinder. A shuttle-valve unit is attached to the cylinder, the function of
which is to fluid-lock the flaps at any desired position by preventing the re-
turn flow of fluid from either cylinder port.

From a study of the diagram at fig. 5 it will be seen that check valves
permit the flow of fluid to, but prevent flow from, the flap cylinder. Due to
the incompressibility of fluid it becomes necessary to unseat the check Qalves
before there can be motion of the cylinder. This is accomplished by applying
fluid pressure to the desired port on the system side of the shuttle-valve.

As fluid enters the valve a spring loaded piston unseats the check valve on
the unloading side of the flap cylinder while fluid freely passes through the
other check valve and into the c¢ylinder. Retaining washers prevent balancing
action between the shuttle-valve piston loading-springs. Close toclerances
avold use of seals on the piston. This lock permits the pilot to extend and
lock the fleps at any desired position by manipulation of the selector valve;
with & position indicator being provided.

Selector Valves

Thé'pisibhvtype selector valves used for the control of the Messerschmitt
hydraulic system shown at figs. 8 and 9, are similar in size and appearance to
American valves, but radically different in design and construction.

These valves are the automatic neutral, open-center or continuous flow, type,
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and are connected in series as shown at fig. 9. Two control knobs project through
the instrument panel from each valve; one for extending, and the other for re-
tracting the actuating cylinders.

With all valves in neutral position, the fluld freely passes through the
valves and returns to the reservoir, with only a slight back-pressure in the
sYstem; with the fluid in the actuating cylinders being checked by the shuttle-
velve hydraulic locks.

To operate the landing gear or flaps the desired lmob is pressed, and the
fluid is then directed to the affected cylinder. The knob remains depressed until
the cylinder stroke is complated, at which time it automatically returns to neu-
tral peasition.

The pilot can stop the actuating cylinder's movement at any desired point
by manually returning the related control knob to neutral position. Depress-
ing both extending knobs or both retracting knobs will cause the landing gear
and flaps ‘e operate in sequence; with the landing gear extending or retracting
its full travel before flaps movement occurs.

A valve housing machined from magnesium alloy bar-stock is drilled and
reamed to contain the two piston valves and their return mechanism. No bear-
ings or inserts are prescsed into the housing, as all bearing areazs and ports
being machined directly inte the body. All moving parts are of steel while the
caps and retainer plugs are machined from megnesium 2lloy. Internal porting was
accomplished by drilling from the outside; soft plugs were then driven and ring-
staked where necessary for sealing. No internal seals are employed except at the
piston rod retainer nuts and on the return valve body.

A study of the flow diagram at fig. ¢ will show that fluid is by-passing
through the landing geer valve to the flap vilve, which is set to extend the flaps.
The landing gear valve is in neutral position, snd the flap cylinder has just com-
pleted its travel, causing the automatic-neutral mechanism to funection.

~10-
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E
The small check-valve in the body of the return valve permits the necessary
fluid displacement as the valve pistons are moved within the valve body when
operating the selector valves. The fluid trapped behind the pistons passes
through the check valve and enters the return line to the reservoir.
Brakes
Conventional hydraulically-operated expanding-shoe type brakes are used,
with two brake assembliss being installed within each wheel. The brakes being
on either side of the wheels requires the disassembly of the brake lines, when
a wheel is removed. Hrokes shoes are approximately 1-3/4 in. wide x 10-3/4 in.
dia.

Master Braske Cylinder inits

Master cylinder umite are manually-opersted by toe pressure on the rudder
pedals. Each cylinder is of spproximately 1-1/4 in. dia., with a stroke of
1-3/4 in.. Provision is mude to renew the brake fluid in the system from a

single, separate brake-fluid reservoir, which connecte to both brake units.
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SECTTION %

ELECTRICATL HBCUIPMENT

The electrical system of the Mouserochnitt MellO follows Europssn con-

.

i
Y
Ly

ventlon by being a 24-~volt ungrounded one battery and two engine-

-

driven generators as the primary power sources. Rigid conduit is used in ths
airplane only where necessary for instoilation of wiring in inaccessible places,
and the only adequately shielded civouiis nre the radic and dignition wiring.

Wiring

The wiring In the electrical cironits is mainly single conductor with

il bape and a varnished cambric

several wrappings of a dark-colored i
covering. Over this is a closely woven aluminum-braid. In contrast to Ameri.
can practice, which is to connect the extremities of this outer braid ito the

grounded shielding of the ltems connected to the

is terminated approximately a half inch from the
slectrically ungrounded except for incidental bonding by the weunling ciins.
The ends of the braid sre served by o wrapped o lumios oioove, shasped with
+he SR SRR Co e ond o nuweral, with

]

Cyocnmh as bhe starter

the
and ignition wires belonping foeo T i b o wll propeller plteh con-

1 for the wires of sach

; 5 C S ; EnE U SIS T )
trol wires being the "EY cirvouil. o Ny

these circuils ave

ars welil aéapied to multl

whe MEUSET%CLU Tt

Fditoris Note: .
Gibb, S taff
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gtandard types, comprising color-codsd rubber-jacketed wires contained within &
rubber ghesih wvupﬁed with varnished cambrig, gnd a cover of aluminum braid.
Terminal vumbers are affixed to the wire ends. Cable standardization is achiev-
e by ominimlsing the variety of cables used, and several circuits employing a
miltisconductor cable use only a portion of the wires. The unused wires of the
coide are terminated with insulating sleeves.

Coble Installation

Cables and wires are installed to the airplane structure by a form of clamp
that pormits them to be first assembled in the proper mechanical arrangement,
spd then banded into peosition against a back-plate clipped to the structure.
Yhwwe clamps are installed at intervals of approximately eight inches. This
method nllows the electrical cables to be prefabricated and banded to their
back-plates as a bench operation. At the same time the wire terminals are in-
gtalled by stripping the insulaticn and cfimping a2 thin tinned coppér sleeve to
sueh wire end. This sleeve secures the wire end, and makes a suitable connec-
tion for the compression-type terminals used in the electrical apparatus.

It can be assumed that all electrical cables are installed in the airplane
by placing the cable groups in their proper positions, sliding the back-plates
inte meling hangar brackets riveted to the airplane structure, and then steking
Lo back-plates in place. The entire installstion within the cockpits is pro-
tected with covers secured by spring clips. All the electrical wiring is rout-
@4 sleng the right side of the fuselage, and radio wiring is on the left side.

3

Srpresimately 30% of the available side area of the fuselage is used for wiring

inntaliation.

Crosnebemnection Terminal Panels

Thibe dnstollation would require that all wires and cables run parallel

Withonit crosoing between junctlon blocks or equipment, were it not for the

ey

i de i iR
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cross-connection terminal panels provided. These punels are provided with ter-

minals on one side and cross-connection wiring on the opposite slde, and make

possible leading wires to the panel in on: oridor rnd Jeading them away grouped

ﬁ§’

in a different order. Many parallel conneched Locminals are necessary on these

[ ;‘

% panels, as only a single wire is comnecled to o lorsinnl. These terminal panels
g‘ are constructed as a complete assembly; cnd = 1ol o1 icided, elther as an asssm-
-

.

% bly or upen installation. Compression fope tere i oo ased on all panels.

- In fact, there are no soldered comnceliicis L vy Lominsd in Lo electrical

. installation in this alrplane, o fthes : T o solosrbornal connec—

.

tions within units are golderel.
Wire Sizes

A majority of the wires in the airplane are of smaller gauge Lhon used
by Americun airplanes for circuits carrying similar loads, and this diflerence
approximates 2 B & S gauge sizes. In multi-conductor cable, wires as small ss
#22 B & S are used. These wires, however, are used in low-current circuits
such as indicator lights or relsys, and are given mechanical strength by being
part of a cable assembly.

Circuit Breskers

Protection is afforded the electrical system components by circuit break-
ers of the manual-set, manunl-releasc, thermal-type, with separate buttons for
set and release. These breakers essentinlly comprise standard operating-

: assembly and thermal bi-metallic relcase mechanism, with the contacts sten-

; darized at the breaker's maxiun rating of 75 amperes. Provisions are made

i- for shunt strips to increase the breaker's current capacity. One of these

i

‘ treskers, which serves as a Dbattery disconnect switch, is equipped with an
auxillery magnetic release for remote operation from the pilot's cockpit, nnd
5 with & manually opsrated reset pull-wire from the pilot's cockpit., ALl circesd

i breakers ars unshielded, and no provision is made for grounding

~akle ands.
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The degree of protection afforded some circuits by these breakers is dubi-
ous, as several unprotected branch circuits with small wires of current capaci-
ties less than the associated breaker lead off from the larger wire. In other
cases of circuit division, such as the armement circuits, each circuit is pro-
tected with a fuse mounted in an extractor-type holder.

Circuit Connections

Flug and receptacle connectors are used vherever connection must be made
to a removable unit. These plugs are similur to conventional Ameriean units
except that wires are comnected to terminuls by screw-type connectors rather
than solder. A simplified method of joining plug and receptacle is provided by

8 spring bail, rather than the Americin practice of threaded flange and coupling

nut. Rubber gaskets and sleeve-veni: nre used on a1l connector plugs.
Connection between wing snd fuselape sre node with a unigue blade-and-clip
device, which in principle ic idenbicel wilh o multi-pole knife-switeh. Each

wire from the fuselage connecls to o hook-like terminal clip made up of two cupp-
4 halves open along the plane of the hook. The wing wiring connects to a mat—
ing hook-shaped blade designed to slip into the open portion of the fuselage clip.
Large wires are connected to large terminals and smell wires are connected 1o
small terminals and the whole are grouped on an insulated through-bolt passing
through the termineal hook openings, with inaulating stripé providing electrical
separation of the terminals. When the two parts are mated, the bolt is tighten-
ed and the clips securely grip the blade-ends. This affords = firm connection
without the expense of specisl plugs and receptacles, as any combination of con-
nectors may be assembled to fit the specific application. A few isolated plugs
creousad ot the wing junction but the maejority of the connections are mede through
Ve wilp andoblade connector sssembly.

peovy enneg 1t 1s impossible to keep twe or more piecss of flexible cable

condition exists ecach plece of cable is covered with &
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Radio Interference

"

High frequency filters nvo nned to prevent radio interfersnce from the
alrplane's wnshielded wiring. e toke whatever Form the perticular inter-
Ference-creating device woy i, bedng simple by-pass condensers in some
cases, while other clrcuil: v~ sindenser-coil combinations in variocus
types of low-pass filters. - oo | these Tilters are built directly into
the offending piece of civiiin wi. uw of the electrical components were
criginally desigred «ii v (i winals for shielded cables, and these
are used wherever convonioo, © o olher cases the shielding connections
are nov used.

—

Blectrical Syoten Centrols

Conbrol of the cle~tyic ~ o o octivided between the pilot and gunner.
Thie procedure seems o 110l Tov tners is interphone commection only
between pilot and navipnier, . coentowey for the pilot to communicate
hig desires to the gunner. o . . oo s tol beo comsand of the circuilts
for: (1) fuel pumps; () ¢ . Cortors TAD mition; (5) battery
disconnect; (6) armamerily [0 oo Piphily nnd (9)
ceolant radiator shutlers. o ot bene provides cirecuit
breakers for gensrobor o oie e Liionee of the elsetrical sy-

stem. The generabor “led on this panel. Lighting for

the rear cockplt Js ‘wrnliic . o waion cord lamp, normally stowed on a

spring-loaded resl.

legnition and Sterting v

The ignition and stuviing syuten of the MellQ is unique in respect to

both operation and mechanicr | enign. The cirveuld is arranged to presvent

'y -
i

scclidental op

)

[,

ration of the onilne starting system when the magneto disconnec—
torg at the wing ars open.

4 - an $ T LIL L ]
8% be turned to "Both! and

G T TN ST T A
LTOETETU an angline bthe ERCEe
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starter handle then operated in the conventional manner. The electrical opera-
Elon of this cireult is such that the battery is connected through the starter

snd dpmition switches to supply voltage to the magneto primary windings through
the booster vibrateors, and thus boost the magnetos.

The starter is a conventional hand-electric inertia type, with its major
difTerenca from American types being that the armature remains engaged during
tendecranking.  This is accomplished by 1ifting the brushes off the commutator

vith o manual control, thereby reducing drag and permitting use of the armature

irlitional flywheel effect. American starters disengage the armature from

the inertial flywheel, thereby losing some kinetlic-energy storage.

o8

Bach engine 1lg eguipped with one dual magneto having internal structure
snd circuits comprising the functions of two separate magnetos. Hach coil has
itg own magnetic circuit with only the rotor and permanent magnets being common.
Two sets of breaker points are provided for each ccil, minimumizing the danger
of failure through defective breaker points, and each coil has its own condensor
and  distributor.

The structure of the magnetc rotor causes the magnetic field to have a com-
plete reversal Instead of & build-up and collepse as is customary in American
magnetos. This design feature should result in a marked increase in 1ife of
primery breaker points due to the fact that there is a reverssl of polarity for
each alternate opening of the points.

Connection for boosting and ignition switch circults are carried from the
megneto directly to the ignition switch by auxiliary wires, to prevemt a high-
resistance ground connectlion from affecting the operation of the magneto, al-
though the magneto switch circuit is actually grounded to engine and airplane

structure.
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Generators

A generator is provided on each engine. These gemerators are controlled
by individual voltage regulators‘which are interconnected to-give load equali-
zatlon control.

Operation of the two generators in parallel is sude possible through the
type of voltage regulator used. The circuits of hthese 1y shown at fig. 3,
wherein coil "A" is the shunt or voltage coil which ¢loses contacts "1" when
the generator comes up to charging voltage. Coil "U¥ ig s servies coil and
operates as a combination reverse current and overlosd coil. (n reverse cur-
rent, "B" cpposes "A" opening contacts "1" while on overiond "E" and "AM are
additive, operating the second armature and contasts "2%, which inserts s ser-

ies field resistor "F" in the circuit to reduce the zenarstor cubput. Coil

"D" is an over-voltage or voltage regulator coil which opens centacts "3" to
again insert the resistor "F" in the field and resluce the ocutput voltage.

Coil "C" is the equalizing coil sgerving ‘o koep the load divided equally
between the two gemerators. If the volbrpe of the one penerator shown becomes
higher than its associated generstor, cuvrent will low through coil "C" which
is connected in series with coll "C" in the regulstor of the other machine.
The pull of coils "C" and "D" in Lhe ens repuistor will add and open contacts
"3" to insert resistance "F" in the field nircuit and reduce the generator
output. In the other repulater, soila *I and "D" will cancel and the output
of the associated generator will remsin unchanged.

Resistance "E" is a series resistance for voltage coils "A" and "C", and
does not enter actively into the operstion of the unit.

Qutput of both generators are pursileled through a common thermal circuit
breaker to the busbar. The ammeter is connected between the busbar and the

battery.
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Batiery

The battery is installed on & mounting located well aft in the fuselage,
with a large access door in each side of the fuselage at this locztion. The
battery mounting alsc serves as a support for Lhe three radioc dynamators. A
battery cart receptacle is provided aft of the right-side wing trailing-edge.

Mein distribution of the slectricsl system !5 st the switch panel in the
gumer's cockpit. All connections mede to this punci connect o terminal blocks
mede with dual-screw type terminals of seversl tiues bo accommodate various size

Jating separators bebween

wires, These are assembled in & long group with ino

which have & common

individual terminals except in the case of thoso Lermd

connectlon inside the distribution jor directly together

without insulation. The whole distribution jenoi o oueelled and wired as a
unit, and then installed in the oivpyinne wiihout oiieldine provisions.

Propeller Control

3 e a1

Electric control ol the adjustable piteh propellor is accomplished by an
electric motor mounted on the crankcase of the affected engine. Fositlon of
tre blndes is recorded by a remote pitch indicating instrument of the conven-
tionold step-repeater type. The equipment associated with the propeller was

oo badly demeged to permit a satisfactory anslysis. It is possible that auto-

metic propeller-pltch control and automstic synct hronization, were provided.

flectric Instruments

An electric tachomsiter is provided for each sngins.

The accuracy of these
instruments has been reported as very good.
Direct-current Selsyn fuel gauges with a vertical-moving float are used.
A four-position selector switch is used to connect the indicator to the desired
bank. The indicator has two scales, one For forward tanks and another for afi

tanks. Low fuel-level warning-lights, one for sach of +the four tanks, are pro-

vided. Their cperation is independent of the setting
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st the posulibiliby of consuming all the fuel from a tank without woarn-
S boothe pouge being connected to & different tank. A fuel-pressure
e ciymal ds not provided.
fanding gear and flap position indicating system comprises warning
sps 'ur the gear and a mechanical position indicator for the flaps. Lemps
provided to indicate either full-up or full-down positicn of each gear,
vl v conventional warning horn is incorporated. Indicating switches are an
tegral part of the main lending-gear hydraulic-actuating cyiinders.

=~ iyt Radiator Shutiters

kach coclant radiator shutter is operated by o “i.point rotroyy uelector

fron compounde

3 e
[EL RS F I K A

vitch in the pilot's cockpit. The mobor unit ot Ll
<ound motor inceorporating provision for dynamic birwnling. < lik reclucilon gear

hox, control relay, position-control switches i in' cvonee ilter.

0 The motor will operate to the position ¢ ' . o io o uwiteh and then

.

: stop. Overrumning the position switchos —niiovis wio'h canequent damage to

3

i . . . . . - . ;
the associated equipment is prevented v 0 = e fiwit nwitch which operates

upon overtravel in cither direction. T vt 0 the motor can best be

understood Dy inspocbing Lo cdeenit bapeen o0 e G
Lighting Fouipment.

One fixed landing fnip oo o0 Gert wing leading edge.
Standard navigation lomps e oot wing-tip end on the tall cone.
The electirically heated pitot :v0 o ool on the right hand wing. No

recognition or signal lowps oo
Cockpit lighting 1s horeiiod fn tuc lamps mounted under the sdge of the

ool e witet., The navigator's cockpit (where

fuselage deck directly in
the radio equipment is locoted! b oo provision for a lamp but the gunner's

cockpit hag a lamp on a retraciiile «ri normally reeled-up for stowage.
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The armament electrical system is quite different from conventionsl
Americen proctice. Circult details are shown in figure F, which should be re-
fered to while studying the following circuit.

The armament circuits and gun sight light are connected %o the ship's
electrionl system through a circuit breaker. The cannon firing, gun firing, and
cherging control circuits are energized through a master switch on the gun-charg-
g vontrol penel, locoted on the instrument panel in front of the pilot.

When the master-switch is closed, pressing any of the four push-but-
tons on the gun-charging control panel, operates the solenoid valve on the charger
of the associated gun, opening the breech. When the breech mechanism locks open
n set of contacts are closed operating a light on the gun-charging contrel panel
wiich indicates that the gun is charged and ready to fire.

Squeezing the trigger on the control stick operates simultaneously the
treech closing relay and the gun firing relay. The breech closing relay operates
& solenoid valve on each gun charger, releasing the latch which holds the breech
operni.  (The gun camera is also operated by this breech-closing relay.) When the
breech closes the gun fires, the firing mechanism heving been operated by the
firing solenoid which was energized by the firing relay.

This type of firing cycle gives rise to the possibility of heving the
gun stop firing with the breech closed, the result of releasing the trigger after
the breech has started to close. To prevent this, the firing relay is of the time
delay type, having a lag of approximately one to one and one half seconds, there-
Yore the firing mechanism of the gun is sure to be energized vhenever the breech
clepes and the gun will fire the last charge, opening the breech and leaving the
gun in a ready condition.

The cannon firing circuit is entirely conventional with individual
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relays and fuses for each cannon, controllicd by = dunl-control push-button

on top of the control stick.
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PNEUMATIC SYSTEMNM

The Messerschmitt Mell0 unco scveral compressed air systems---in contrast

to American airplenes, wherein cosprenned air systems are scercely used at all.

The fixed machine guns, ond Lhie connon o charged by a high-pressure ailr sy-

These systems are described

gstem controlled by clectrlicuiiy-operated velvos,
in Chapter 10, "Gunnery Kguipment'.

Another compressed air system provides emergency operation of the landing
gear and wing flaps. This system is charged to an initial pressure of aboutl
2,300 1bs/sq.in., end provides for extension of the landing gear and lowering
This

of the wing flaps in event of complete failure of the hydraulic system.

system, together with its operating units, is described in Chapter 2, "Hydrau-

lic Egquipment".
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FUSELAG ™ 0 LMy

Instruments

The pilot's instrument panel koo oo il ooy conslsting of air speed,

P oy Dhleeter; and remote-Iine

turn and bank, rate of climb and {1
dicating compass. The engine group incinic - i ootop coolant temperature
indicator and manifold pressure gouge Dor i e Tinient Radiabor  shue

tter control gwitches are also prowvidedl. . . o i syotem Includes

te that

a low fuel level warning lamp for euch Lo . o o g indien

a propeller pitch indicator wag oriping: y v S T N I A

A small instrument panel is o

instruments had been removed prior fo Lhr e T Ty

were probably used in connection wilb i o oot ey

Two small incandegscent lampn i i codie ntroeent panel 23lumie

nate the Instruments and « oo poeve o0 0 00 0 Do A attompt was made to
shock-mount the roin vonet 7o L0 ¢ i rubber grommets arourd
the attackhing coreg. Tho o oo - s the remebe compass indicator
and radioc compnin: noimein oo S voctnndnrd PLord" type shock-
mounts.

The remote indionbin. oo s tne 1.0, Selsyn type, with ths com-
pass itself mounted well 0L v 1. v RN

Adrspeed indications uro oo Cramoon clectricelly heated pitet head

installed well out on the wini. 7Ti. pliot-head tube apparently extended

o

Editor's Note: The technical dot: “or this portion of the Messerschmiti
Anglysis was conlriiated by Messers H.A. Gibb,
and R.E. Kruerer o Yhe Engineering snd Development Dept.

[

M e
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straight down from the 50% chord point on the wing. A complete description cen-
not be made, as this item was completely destroyed when the airplane landed in
England.

VYacuum for the bank-snd-turn and flight indicators is supplied by an engine-
driven pump provided with regulating valve. There is no alternate source of
vacuum.

411 electrical instruments are provided with disconnect plugs, and ail in-
struments requiring hose connections are provided with hose nipple and a length
of hose held in place with a simple snap-ring retainer instead of a screw-clamp.

The instruments do no% have the finished appearance of American made equip-
ment, but those tested were found to be quite accurate.

Cockpit Enclosure

The cockpit enclosure consists of six assemblies: windshield section; two
hinged side panels and one top section for the pilot, one fixed enclosure; and a
movable gunner's enclosure. The windshield ig sttached with four bolts Yo the
fuselage structure, and supports the forwerd hivges of the side panels and the
lock for the top section. The fixed enclosure sectlon supports the aft end of
the pilot's enclosure section, and bolts to the i'uselage structure at six places.
The gunner's enclosure is held by four pins which can be released for jettisoning
this section.

The windshield assembly is a welded steel tube frame, with transparent-plas-

ic panels attached by means of aluminum alloy strips at each side of the panels.

A s

The attaching screws for these strips pess ianto the steel tube frame, with ac-

cess to the screwdriver-slotted nuts inside the tubes provided by holes on the

in-board side of the tubes. The windshield front and side panels are 1/4 in.

thick transparent-plastic, routed along the edges to provide a flush joint with

the attaching strips. The windshield left-hand panel is in two parts, with the
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forward portion hinged and fitted with bolt-locks to provide a door; presum-
ably for cleaning the outside of the windshield. HNo reinforcing edging is
used on the door panel, with hinges and locks being directly attached to the
plastic. The upper panel of this assembly ius /8 in. thick plastic: formed
to meke part of the crown. A joggled splice-slrip lo used to eliminate ac-
curate trimming where the windshield assembly joins ihe fuselage skin.

13

The ninged side panels of the pilot's cochpit are welded steel tube struc-

tures, with each provided with two transparent prncisy ¢ forword sliding panel

of 1/4 in. plastic, and an aft fixed panel of 1/ 1. ¢

of the sliding and the forward edge of the Fimett proeis sre ba

spring cushion on the inside of the sliding yunel Liw

at closed position. The upper edges of these zide Pt dnside the top
panel when the pilot's enclosure is clesed. & singls leck i the Uerward edge

of the top panel secures the entire pilot's encliioure.

The top panel of 1/8 in. thick transprrent 11 b provided with fabric-

strap hinge-stops strong cnough to provide n» for normal use, bul certain
to fail in case of emergency opening of the sntiosure during flight, and thus

permit the top panel to carry awsy.

The fixed enclogure hos giqunre sisnl e

walded Lo [ore and aft members,

]

and is covered with transperent pl

attached with scerews passing
through metal strips.

The gunner's enclosure structure 1o nize constructed of welded steel
tube and congists of three main parts; » Liitable hood at the aft end, a
jettisonable fixed section forwurd of ithe hood, and a sliding top section
for the hood. The rear section is hinged to tilt up while the top section
lifts slightly from its fixed side panels and slide forward in a guide at

the center of the fixed portion of the gunner's enclosure. These three units
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are linked together and balanced with a bungee cord to permit opening and clos-
ing as a single operation. The complete gunner's enclosure is held in place
by four plns and can be jettisoned by releasing the pins by movement of a hendle
located nesr the flexible gun.

In general, the cockpit enclosure shows evidence of considerable hand fit-
ting, but its design is such that i1t should assenble without much difficulty.
Wnile the structure is very rigid, the exterior is rob us smooth as the enclos—

ures of modern American airplanes.

The general design end comstruction of the pliet's seat g good. The seatl
proper ig formed from light-metal slloy spproximaiely (040 in. thick, and es-
entially consists of two larse drawn perte. o of Shese includes the back and

sides, and the other is the botlom: with the twe jeined by o vivebted lap. A

heavy berd Lormed rround o 470 1n. dis. tube rans cround bhe edge of the seat

—

-
it
fai

to provide »igh

The pilolis seat is supported by two lerge aluminum-alloy castings bolted
to o channel assembly in the bottom of the cockpit. Various brackels and lev-
arg used for supports and operating mechanism are sand ca 28tings and appesr un-
necessarily heavy. The gest is attached to its support structure by four hinge
bolts, end can be readily removed when these ars withdrawn.

Seat adjustment is accomplisbed by a long handle located at the left side
and slightly above the seat bottom. Twisting the handle grip unlocks the mechan-—
lsm and allows the handle to be raised or lowered, to move the seat in the seme
direction. The lock is spring loaded and automatically snaps back into the
nearest of five latched positions when the grip is relessed. A strong bungee

alds in raising the seat, but the pilot must partially 1ift his weight from the

geat when moving to an u osition. A small fore and aft movement is vrovided by
4 DT j& Y
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the arcs of the seat support links, with the seat moving slightly forward

when lowered. The range belue Lhe high and low positions is approximately
4=3/4 in., with five equally rproed intermediste positions. This varies from
the U.S8.4.C. standerd sentbt wi'cb reoices o minimum total adjustment of 7-1/2

HE : et

in., with sixteen equul

?

-

The safety belt asyalin oon 07 S ojaaider and lap straps of two-inch

of

n

wide webbing, with vovico: 1o o o iy Dongth adjustments.  Both end
the lap sbrap have 1ooper with oo pivea, oot these ringe are attoched
to brackets rivotod Lo L i R Foochovlder straps are pro-
vided with an adjuetuent combeod o cee e bt e Tower right-
hand corner. Plocing tids fowe D0 00 reo i P aiien o owmeving 1t up and
outward, allows the pilodt te podl fie ohpioes ot oo nsh o Light

bungee and obtain the correct Ty to g e L i ebheined the
control lever can be robucced o the b T ST Culey
straps. ALl bell bucklos Lopyvins oo s S TR e of Lo

]

pllots stomnch ovil Jewve vl o 0 “on Cobe ok serangonent for

fagtening thooe i fo ool R R prrachute horness.
The geat o (piibe oo N it sl enclosure openings

being amply large if'ov vooo oo = . Hopelegrips provided on sach

upper corner of the wiwdia 10 o Cobosodbrance and exlt, and s smell
heel-rest channel is provi e : o, This seat 1s comfortable, and
although the cockpit is nowrr. 0 o o cramped, with the cockpit opening

‘@i inches wide, This is two inches

at the enclosure deck bheing
narrower than U.S.A.C. minitme vonioements. Rudder pedals and stick sre
positioned with reference te b ot Lo provide ease of operation. Un-

doubtediy a pilot could iy tha M-110 for a considera

o

N

ble pericd without

andue strain or fatiqus.
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{nner's Sent

e construclion of bhe gunner's seat is quite simple, and comprises three
reJor partey sides, bothom, and mounting post. The top is a stemping .064 in.
Hightogeelod srewol,  The upper edges are rolled around a 5/8 in. dia. aluminum-
alley tube Le form a large bead. The bottom snd the mounting post are light-
metol oond crstings, and appear unnecessarily heavy. The uppsr gtamping ,rivets
Lo the boltom casting. Two stowsge brackets sre mounted under the seat.

The seat mounting post is sztteched to the eirplane structure by four belts
prsoing into nut plates under the floor, in a position slightly to the left of
the airplane's center line. Thus the geat is mounted on & vertical axis, and
is free to rotete 360° egainst a light friction bralke, making it possible for
the gunner to quickly change his position from facing forward to a firing posi-
tion facing aft. Although the safely belt is miscing, it can be assumed from
the belt mounting brackets that this sefety belt is similar to the pilot's
belt previously described.

Althoﬁgh the seat is not too comfortuble, it provides =mple free movement
for the gunner. The sest sides are low, allowing smple elbow room and free arm
novement. The seat back is a very odd shape to permit the gunner to lean far
back when firing upward. Necessary hand grips and steps are provided, with
the cockpit and enclosure openings being amply large for free entrsnce and exit.

Navigator's Seet

The ravigator's seat is installed upon the wing main-besm truss within the
fuselage, and is a thin, semicircular magnesium canting, supported at the aft
end upon the upper truss member and at the forwsrd and by brace tubes extend-
ing downward to the lower truss member.

There is no evidence of 2 seat back, but it may be that a similar casting

wag Installed as a seat back, in such a manner that it could fold down on the
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seat to facilitate entrance and exit; or that a wide web-belt seat-back arranged

for ready removael and stowage was used. This seat appears rather small and un-

comfortable for flights of any duration. There is no ovidence of safety belt
being attached, although belt provisions were undoubtalbiy mde in some manner.

Cases and Containers

Meooeroehnitt cockpits.

Various cases and containers cre ingtalled in the

:

.
-

A small case st the left of the pilot's cockpit is probably & dote cose for

)

books and maps, as this container has neither 1id nor retoiner for its con-

tents, which were evidently bulky enough to remain in place during "1apht man-

euvers.

Aniother small container is mounted at the right side of Bhe o0 iob Ty cock-

it, in a location about opposite the pilot's elbow. A epring ioied lid is
s b

provided for this container, which may have been for emerponoy

A third container in the pilot's cockpit is mountedd @ ism on the left side,

Yo

and was probably used to carry flight reports, nn obipn e vrovided to secure

the contents. All three containers in the pllofti; v are constructed of

eluminum alloy, with the larger of these con® oo wving; welded edges, while

the other two are riveted.

A large carvier-pigeon box G0 booroneed g »it of the gunner's compart-

ment at the ripht hond ciac, ol (e b oguick removal. Leather

e e e D e

strap hand grips are provided on oo - eogse of handling. The opening is

%
: ; ) . . . .

| covered with two spring losded , tve interior is felt lined. A large

#

: record book is mounted on one side, nrloin srovided with a leather strap retain-
E

E

; er at its top center.

E

5 Steps, Ladders, and Assist Handlen

4

§ The principel access to the Meiil is from the lefi-side, by means of a re-

tractable ladder located on the lower portion of the fuselage aft of the wing
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¢ lodder is completely flush in the retracted position, and

goewhendmd pushing a small, flush button; whereupon the ladder drops into
GRS T ¢ ion to expose threé rungs.
snjunction with the ladder there are flush-type hand-grips mounted in
o, which have spring-loaded flush doors. The inside of the hand-grip
Cieningn ure sealed with suitable fabric bags, to keep foreign maliter _rom en-
Lerinr the fuselage.

in the upper aft corners of the windshield are two handles to assist the

Vol en

@

ntering or leaving the cockpit. Also, on the pilot's floor is a trans—
vorse Loot-rail, to give support when entering or leaving the cockpit.

The navigator has three handles located on the cockpit upper stiffeners,
tvo on the left hand side, and one on the right hend side. These are located

b
Wer i

forward, for use when loading the cannons or operatving the radio equipment.
Folpting Lugs

Provisions are made for four fuseluge heoisting points. These are sheave-
Ciltings, forged as part of the main spar lower attachment fittings end the forward
aulr-spar attachments. These four Fittings are placed fore and aft of the center
of gravity to balance the airplane during hoisting.

Another holsting device ig provided in the forward portion of *he nose-gun

H

spartment, shead of the ammunition boxes. This is & cross-tube attached inside
e nose-section structure, and is normally closed by a flush cover plate at
cochoend. With the lower plates removed, a bar of approximately 1-1/8 in. dia.
“note passed through the tube for lifting the nose-gun compartment during re-
sove b oond installetion operations.

Toe tall cone provides stowage for a life raft. In event of an emergency

bomdding, the teil cone con be jettisoned by = latch controlabls from the

et
)



Sec. I1I, Chap. 5 Messerschmitt MellQ Apalysis

Fuselage Lquipment Vultee Aircraft, Inc.

gunner's cockpit. Upon being released the tnil cone opens about a hinge at the
aft end and releases the life raft. A 1ight c¢uble neold in clips aleong the out-
side of the fuselage provides for the raft being Lowed Forward to the crew. It
is then inflated and fitted with ocars or paddles Tor use as a dingy. Unfortun-
ately, the collapsible life raft was missing [rom the nirplsne received by Vul-

tee, so details regarding its comnstruction are wnnvnileie

Relisef Tubes

g s e e R

Although the Me-110 1is a long range fighter, thers v o ovidence of relief

tube provisions.
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SECTIONR IIT

Chapter 6

.

. g o S & ™

v HEATING AND VENTI LA TEM

i '

<3

0

‘ The MellQO is not provided with = henling snd venbilnbing system as we

‘

v ; . c e , . o k cps

. are accustomed to think of this feature. Tieore i no provision Por admitting
:

i warm air to the cockpiits, and the only yroevislon for cold air admisaion is by
?

: means of the emergency vision ponel, and sliding panels in the pilot's cock-
£ . s

. pit side enclosures.

i

i Provisions are mede, hovever, for use of electrically-heated flying suits
!

: by each of the crew members. A omall control box with a rheostat, having an
E

: - . . . \ . . :

; off position, is provided at each crew station. Each conirol box 1s provided
E

§ with a two-terminal receptacle 1o receive the suit-heater cordage-plug.

5

i

i
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Chapter 7

FIRE EXTINGUISHING EQUIPMENT




The MellO is nob

no hand-type extinpuicir.

There are, however,

been used to stow an xiin

Under the gume '

straddling the ge b
fire extinguicher

stow a small hond Loy

reguirene:

from both inoide sl

provided with engine fire extinguish:

Messerschmitt MellQ Analysis
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‘5, and thers wsie

v i nirplsne when received by Vultee Alvcrall.

(o preokebs in the gunner's cockplt thot

~ ¢ ope two elips attached bo the seat bottom, &

¢clips are very similar to the nand

0 i ihis country and may have been used o

"his locatlon does not meet American

P L Uire extinguisher must be accessible
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Chapter ¥

QXYGEN EQU L p¥ -

The oxygen system of the MellO is well designod, i v innlollation is
very gimple --— with the cylinders being placed far ~i". o v srotection to
the crew from possible explosions resulting from bth. oyt 0 oo ulruek by
gunfire.

Two complete systems are used: one for the pilol, o e o e Bhe gun-
ner and navigator. Rase of servicing is provided by cxiorior o e conaen.
tions.

Eight oxygen cylinders are vertically mounbtod io o o tr o oo B
side portion, by small cups fitting the bese of tio o 1o : e
with appropriate holes to fit over the neck of roo o SR feocbnnnel
is comnected by four long bolts Lo the bose-ow o o co, Asbiiitbional

support is provided by o formed hul-gecbion oen oo o0 proyrdinst the wall

of each cylinder, and nhloohed Lo the gids ot oo 0 Do ~ feur polts located

at equal intervals betweon Lo oyl Tndore.

The oxygen cylinders oo prom 0 o © : o o, with each cylinder

in a group being interconnechid & fon S i iDL copper tube. Each

group of cylinders 1s connecloi b , .. copper tube which leads for-

ward to the cockpits. One of toes o o leads directly to the pilot's

cockpit, and the other line leadn i« 11 ooty and navigator's cockplit. An
exterior cherging connection is proviic iebLly aft of the gunner's cockplt,
arranged for access from outside the - ' roe by removing a flush cover, and

connected to both delivery lines. /4 ir..ure regulator is provided for the pilet, and
Bditor's Nots: The technical date Pt portion of the Messerschmitt analysis
was contributed by it. . Krueger, Group Leader in Charge of
Fuselage and Furniahing wnign for the Engineering and Development

Dept. of Vultee Alrer

L.
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& gecond pressure regulator supplies oxygen to both navigator and gunner.

When the occcasion arises to use oxygen a delivery valve is opened te allow
oxygen bo flow to the related oxygen regulator, which reduces the pressure and
exhousts into a rubber and fabric "lung". From the "lung" *the oxygen is meter-
ed by an adjustable valve to the delivery tube. The delivery tube is = short
detachable, ccrrugated tube with en outside diameter about 7/¢ in.. The pres-
sure regulator as a whole seems to be designed to keep the pressure and tempera-
ture of the oxygen within comforteble 1limits. The equipment comnecting to the
delivery tubes was not found in the airplane, but it would seem that a smaell
flexible hose 3/8 to 1/2 in. 0.D. was used in conjunction with a pipe stem bit.
This supposition is substantiated by the fact that each member of the crew has

within easy access a small clip in which to stow such an oxygen bit.




¥

A VULTEE AIRCRAFT INC

.

SE

4

1ON CHAPTER
i 8

TR
o )

i)

B e e




Section 3 Messerschmitt Meiio Analysis
Vultee Aircraft, lac.

Chapter 9
RADIO EQUIPMENTY




Topic
General Description —-———-
Operation of Radic Egquipmont
Transmitters ———————memee
Recelvers ———— e
Radio Contral Box -
Antenna Loading Unitls
Antenna Reel -
Radio Compaos
Blind Landivs Apsorsios
Interphone Fquipmont
Dynamotors -—---

Conclusions ————cm

Vultee Aircraft, Inc.

“N T

11
13
13
14
16
17
17
18



	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	



