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The Work of F. I. Bylirkin, V. V. Iordan and I. I. Sikorskiy’ 6’

Besides A. S. Kudashev, who belongs to an older generation, the Kiev
airplane designers were basically young people, primarily students. Some
had parents of means, and others earned their own ways in life. The lat-
ter did not always succeed in bring their airplanes to completion. A
striving arose toward combination of forces, although it was temporary.
Many enthusiasts were fully sutisfied with the role of participants und
executors. This is how the small design collectives were put together and
how, in 1910, F. 1. Bylinkin, I. I. Sikorskiy, V. V. lordan and others, stu-
dents at the Kiev Polytechnic Institute, worked.

Fedor Ivanovich Bylinkin -- son of a wealthy merchant -- worked for
three years on experiments in airplane building.

Igor Ivanovich Sikorskiy2 -- son of a Kiev professor of psychiatry --
was one of the organizers of a student air navigation circle at the insti-
tute. A talented designer, having means available, he organized a produc-
tion base -- a work shop in two hangars built by him at Kurenevka close
to Kiev.

Vusility Viadimirovich Iordan did not have any means and brought into
any business only his creative labor. Being an artistic craftsman and de-
signer, he helped much in creation of the first collective airplanes and

can be considered a full co-creator of some of them.

1 wjournal of Air Navigation" 1910, No. 13: 1911, No.2.

"To Sport !' 1912, No. 11
"MViﬂr M Air"' 1913’ NO. 14. Pp 2-11

"Adler, B.P. Davel t of Russian Aviation Designs Before the Start
of the Fivs. World War, %Issertatfon., 1946, pp 30=34,42-50,05-73,09-70

2ﬁ‘l.tter a very well known designer, from 1918 - an emigrant
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The students - Gregoriy Petrovich Adler, Konstantin Karlovich Ergant,
Anatoliy Anatol'yevich Serebrennikov, Mikhail Fedorovich Klimikseyev,
nechanic-motorist Viadimir Sergeyevich Panasyuk snd others also partici-

pated in building the airplanes of F. 1. Bylinkir and Y. I. Sikorskiy.

% The vwork shop of I. I. Sikorskiy also accepted orders from outside. Thus,

i;% the airplanes of A. D.Karpeka which are described belcw, were built in it.

g The first works of F. I. Bylinkin and I I. Sikorskiy did not vield 3 -
% positive results. Apparently, one of the reasons for this was the fact

L that the designers during the first period of their activity worked sepa-

L

rately from the collective and even outside the student circle.

The "Bylinkin-wWright" was a reproduction of the Wright Brother's
bi-plane, but of somewhat smaller dimensions with a 25 hp "Anzani" engine
and two Shovyertype propellers. The landing gear was with wooden wheels.

e e T L Ler

The airplane was built in the sutumn of 1909. In winter its power group

was tested, but without success: the chain drives to the propellers braoke.

G L L R T L L EL

During one of the tests the airplane burned up due to an explosion in the

carburetor.
The first helicopter of Sikorskiy (S-1) was the inventor's own de-

[
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sign. The basic apparatus was a rectangular braced wire cage without gear;

a 25 hp "Anzani** engine was instalied on the floor, towards the center of

P O R v
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the cage was a drive to coaxial shafts which were made of steel tubes; on

the shafts were two-blade rotors, the upper one with a diameter of 4.6 m

SR

and the lower with a diameter of 5.0 m. The blades were made of steel tub-

ings with s linen covering, braced with wire to the shafts. The apparatus

wis built in May - July of 1909. Tests were unsuccessful: when the rotors
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operated the apparatus fell over on its side and did not rise into the air. §§
The second helicopter of Sikorskiy (5-2) (fig. 30) had two three-bladed §%
rotors, installed on the small four-sided cage with a pyramid, made of steel ég
tubing and braced. The blades had a framework -- spars and ribs -- and were E% é
braced to the shafts. The engine was a 25 hp "Anzani". This apparatus, §§ J
finished in the spring of 1910, was also not able to take off. Its schema- g; i
: tic, not having a skewing mechanism and contrcl organs, was unsuitable for A§ %
‘i flight, as was proved by B. N Yur'yev in the same year. The apparatus was % §
£ exhibited at the First Kiev Air Navigation Exposition. %
3 :
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Fig. 30: The Second Helicopter of I. I. Sikorskiy

The next two airplanes of F. I. Bylinkin, V. V. Iordan and I. I.

e
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Sikorskiy werc built in I. I. Sikorskiy's work shop and were fruits of their

T

collective creativity.
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The BIS No. 1 airplane (Bylinkin, Iordan and Sikorskiy) was a two-

strut biplane with a truss tail. A "Anzani" engine with a power of 15 hp
and a pusher propeller was installed on the rear edge of the lower wing,
and the seat was installed on the front edge. Beneath the upper wing
were vertical bulkheads (against slir;ing ). Control of the height con-
trol surface was effected using a handle on the right of the pilot, and

control of the aileron was effected with & handle located on the left of

P
§
:
[

the pilot.

T

On this airplane, whose construction was completed in April 1910, its
builders learned to control. The airplane could not €ly; the power of

the engine was insufficient. After three weeks of controlling the airplane

e et LB it A el b e ¢ bt il b S R s A

was rebuilt into the next type BIS No. 2 with a more powerful "Anzani" en-

gine of 25 hp.

T T,

: The BIS No. 2 (fig. 31,&)1. The dimensions of the airplane remained

b S

the same as the previous one and only the middle cage of the wings was
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: strengthened. The engine was installed over the leading edge of the front

(il

§ wing with a tractor propeller. The pilot's seat was behind the engine.

3

Contruction of the airplane was completed on 2 June, 1910. On another

1 it B s,

day I. I. Sikorskiy made the first flight on it, and on the 11th of June,

he accomplished a successful flight along a straight lins -- 200 m in length
and 1.5 m in height with a duration of 12 seconds. The flight was completed

in the presence of the sporting commissars of the Kiev society of air navi-

0 AL s i MG it

gation. The Bis No. 2 airplane was the third Russian airplane to rise into

1 wair Navigation" 1910, No. 8, pp 666-668
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Fig. 31: First Airplanes of I, I. Sikorskiy:
a-- BIS. No. 2 Airplane b-- S-3 Airplane
c-- S5-4 Airplane Rebuilt
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Later, nearly fifty flights were made at a height of up to 10 m, but
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of low duration. On the 3rd of July 1910, a flignt was accomplished with

a distance of 600 m over 42 seconds., All flights were accomplished only

in a straight line, there were no power reserves and with the slightest

attempt to turn the airplane, lost height and speed.
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The Bylinkin monoplane, finished in June - July of 1910 in one model,
had two subsequent variations.

The initial variation of the airplane was with spoilers (fig. 32).
The braced fuselage monoplane had a trapezoidal wing, a 25 hp "Anzani"
engine, a fuselage with a triangular section about 0.4 m in height. The
gear was the leading layout in 1910 with V-shaped struts and through axle

on shock absorbers. The profile of the wing was formed out of arcs of

circles on the top and on the bottom (of larger radius). The wing spars
and fuselage longerons were of spruce, round in section. The spoilers

had smali surfaces (about 0.2 m2 each) on the upper sides of the ends of
the wind, deflected upward. During deflection the flow-pass of the cor-
responding end of the wing was deteriorated, thereby causing roll. The
spoilers were an original device, used there for the first time in the
world, but in this case, they were not justified. Only short hops up to
100 m in length and at insignificant height were successfully made on this
airplane. Stable flight was not achieved, the power reserve was insigni-

ficant ~nl excess drag: from the spoilers reduced it to zero.

Fig. 32: Monoplane of F. I. Bylinkin With Spoilers

The cheuged variation was with aileronc to replace the spoilers. The
ailerons, trapezoidal in plan, were fastened to the trailing edge of the

wing and con’.rolled by a lever located on the right of the pilot. An enti-

-7-

o, WML Tt A L Ml W22, MM e A

LRSS D0 AR AR, A ) i e Ao e

e BRI i S ot B A ., o S Mo 2 A T B b L o o o

2
4
g



B e e et B A g O, )
i : y 7 d e T e T o, s T T e hie
w R A A e it b
gk oAb s
i fil b “v,‘. “H‘mu

I ‘W'T“P’IH’d‘“‘1‘”W"m‘(""’“‘*‘M‘“‘1‘”‘h"‘?W‘“f"41‘\”W“J“lmm<‘m‘7‘“‘mHWWW\WNJ"M‘??IW'F‘W‘lmwmmmmwm ‘mW’m'W"m‘WWWM‘WW”‘WWWWWWMWWWMWWWMM G “‘ AT Rt ;'I«W.’

R e B

e PR AT M Ut g S B B e T e -
= e R e e e e

= R R R T T R Ry 1T

nnse over beam was introduced into the gear. In this variation, due to the
increase in wing area because of the ailerons, the airplane flew. The
flights were short, up to 200-m in length vith an altitude of up to 2 m and
a duration of about 20 seconds. The airplane of F. I. Bylinkin was the
fourth among the number of Russian airplanes which flew in 1910.

Up to June 1910, F. 1. Bylinkin and I. I, Sikorskiy worked together.
Later, their paths diverged. 1I. 7. Sikorskiy began to develop the scheme
of the BIS No. 2 airplane, F. I. Bylinkin selected a more complex schematic,
which he also realized in his own biplane in the winter of 1910 - 1911. The
biplane of Bylinkin, of glider design with the exception of the gear, was
very close to the BIS airplane. A RAW engine of 50 hp was installed over the
leading edge of the bottowm wing with its nose to the rear. The propeller was
a pusher one, behind the rear edge of the wing, with a shaft to the engine
which passed under the seat, The wings were identical, rectangular, with a
span of 8.0 m and a chord length of 2.0 m. Ailerons were present on both
wings. Construction of the airplane was completed in the spring of 1911, but
it did not fly: the engine worked poorly and there were difficulties in the

lengthened shaft. F. I. Bylinkin soon lost interest in aviation and turned

to automobiles.

The Airplanes of I. I. Sikorskiy

The S-3 (fig. 31,b) was the same type as the BIS No. 2 but was somewhat
strengthened, with a 35 hp "Anzani" engine. Small wheels were added onto
the front ends-of the gear skids. The airplane was completed in November
1910. 1I. I. Sikorskiy wade thirteen flights with a total duration of seven

minutes on it, of which one fiight lasted for 1.3 minutes. The height of the
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%f flights was taken up to 30 m, but as before, turns were not successful. z
E However, due to the high altitude it was possible to increase the flight :
%, range and select a site for landing outside the limits of the field from 3
3 which the flight btegan. On 13th of December 1910, gliding from a height #

of 30 m, I. I, Sikorskiy made a landing on the ice of a pond. An accident

occured, the engine went beneath the ice and the airplane was broken and

dud b

not restored.

it iy e
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The S-4 (fig. 31,c). In the spring of 1910, Kiev student A. A. Gom-

berg, son of a local rich man , ordered from I. I. Sikorskiy an airplane

o swa e e S o

with a 50 hp "Anzani" engine. According to the conditions of the order, i

I. I. Sikorskiy was obliged to deliver to the purchaser an airplane, hav-
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ing completed two circles on it. The airplane was built in one month. In

: layout it was a repetition of the S-3 airplane, but with an incrs 'sed wing
area. Ailerons on both wings were installed at a significant negative angle
to provide better lateral controllability at high angles of attack during

landing. During tests flights in a straight line went well, but in Decenber

of 1910, during the first flight in a circle, the engine stopped and during

the forced landing, the airplane received significant damage.

b L3R L6k A 40 it g A 11

After that, it was restored, during which changes were introduced into ;

its design: the span of the upper wing was increased, the trailing edges

oAb o A 4l

[N
i

of both wings were rounded off, the ailerons were installed in the plane

of the wings, the two control levers were replaced with a control column

= - and the front rollers were removed from the gear skids. The viing spars were

A P S, 1Yt St 2 L

Z § made of ash, while up to that time they had been aspen. The airplane was

exhibited during 1911 in that form at the Air Navigation Exposition in

MR ATV AU FRTTIN & T

Khar'kov.
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The S-5 (fig. 33,a) 1 was somewhat more ixproved by comparison with
the preceding airplanes, I. I. Sikorskiy moved decisively away from the
"Anzani" engines, which were very shaky and unreliable, and preferred the
somevhat heavier, but more reliable "Argus'" 50 hp engine to them. With
installation of this engine on the airplane, the span of the upper wing
was increased, a second seat and control column were installed, and struts

on the upper wing cantilevers were introduced, which was a better solution

than the bracing in use at that time.
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Fig, 33: Sikorskiy's Airplanes of 1911:
a-- S-5 Airplane b-- S-6 Airplane

"

L0 S L

"Automobile and Air Navigation", 1911, No. 13, pg. 385
"Aero-and Automohile Life ", 1911, No. 15, 19 and 20
"Heavier Than Air‘', 1911, Wo. 13; 1912, No. 14
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Of the design features of the S-S5, its gear should be noted. Begin-
ning with the reworked -4, in the S-5 and further up to the S-7 airplane,
shock absorbers were built with additional triangles, to which the axle
was fastened.

The airplane was released in April of 1911, A flight aldng a straight
line was immediately accomplished on it, for a duration of 22 seconds. On
the 17th of May, I. {. Sikorskiy performed the first flight in a circle with
a landing at the take-off point. The height was about 120 m. On the 14th
of June, several flights with a passenger were made, and there were flights
with a duration of up to half an hour with a height of up to 300 m. On the
18th of August 1911, I. I. Sikorskiy passed an examination for the title of
pilot in this airplane and established four all-Russian records: a height
of 500 m, a distance of 85 km, a flight duration of 52 minutes and speed
relative to the earth of 125 km/h.

Construction of the S-6 (see fig. 33,b)1 was begun in August and com-
pleted in November of 1911, Its construction preceded the first aerodynamic
tests on determination of frontal resistance of parts and components of the
airplane, which were conducted by 7. I. Sikorskiy on a home-built circular
instailation,

The designers took measures tc see that the high quality of Russian
aviation designs won universal recognition. After the S-5 airplane, the

name of I. I. Sikorskiy became well-known in Russia, and all the same, the

1 "Ai:- Navigation Technology', 1912, No. 3 pp 168-172; No. 2 -- two photos
of the airplane, page 112

"Heavier Than Air", 1912, No. 1, page 2

*To Sport ", 1512, No. 6, page 11

"Sebastopol Aviation Illustrated Journal', 1912, No. 1 (48-49); No. 8
(56-57).
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S-5 airplane remained only in intermediatz type, and an airplane was needed

with higher, record-breaking indices. The S-6 airplane, in layout and di-
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mensions almost coincided with the S-5, but differed from it with its three-
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pPlace gondola (the product was located in the rear) and more careful finish-

s

i
'

ing. The fuel tanks were made streamlined and drawn up directly against the
upper wing, the wheel hubs were closed with aluminum discs, the covering was

U AR A AR T

carefully lacquered, and the plywood gondola and struts were polished. The

SR kGl R

i

radiator, 2.5 m in length, was made of aluminum tubes with their ends pressed

P R

into manifolds, and was installed along the upper bands of the tail truss;

i

it gave very low drag. The engine was a 100 hp "Argus".

i

st oo

On 29 December 1911, I. I, Sikorskiy established the first Russian world

H
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record for speed with two aad three persons in this airplene -- 111 ka/h.
At the same time three other records were immediately won; the record for

speed with two passengers, records for speed on biplanes in general and Rus-

sian airplanes in particular.

The s-6 A (fig. 34)". In the order of further improvement of airplanes
of *his type, it remained only for the designer to eliminate the tail truss,

A

o

replacing it with a fuselage, which was done by him. The rear end of the

AU,

gondola was cut off, and the bands of the tail truss were used as fuselage

b

longerons, attached to the gondola which remained without changes. The radia-

tor was fastened beneath the fusslage. The covering of the fuselage was ply-
1

"Aero-and Automobile Life', 1912, No. 8, page 13; No. 20, page 14.
"Air Navigator'", 1912, No. S, page 403

"Air Navigation Journal', 1912, No. 2 page 16

"Air Navigation Technoligy", 1912, No. 3, page 168-172 ; No. 6, 372
"Heavier Than Air", 1912, No. 5, page 19; No. 8,page 9
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wood 4 mm thick, and that in the tail part was 3 mm thick. The tail em-
pennage remained without changes, as in the S-6 airpiane. The upper wing
was increased in span, the cantilevers were supported by two struts each
and the ailerons on the lower wing were eliminated. Wire braces were made
in pairs with wooden slats laid between them and both wound with tape
(for streamlining). The resistance of the braces was decreased by almost

half due to this. The length of the upper wing was 9.67 .

Fig. 34: S-6 A Airplane

Testing of the airplane again in March of 1912. Depending on the load
and number of pussengers its speed fluctuated from 111 up to 120 km/h with
a load of up to 450 kg. On the l4th of March , I. I. Sikorskiy accomplished
a record flight with four passengers ( 5 persons on board ) with a speed of
106 km/h. In the April the airplane was shown at the Moscow Air Navigation
Exposition, where I. I. Sikorskiy received a large gold medal for it. Then
the airplane was shipped to Peterburg, where its testing continued.

In April of the same year, I. I. Sikcvrskiy was invited to the Russo-
Baltic Railway Car Plant as chief designer 'n the avistion department, which
in 1912 was re-based from Riga to Peterburg. Here he immediately set about
building a new airplane for participation in the International Competition
of the Russian Military Office, taking as the basis his S-SA airplane.
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Airplanes of the Russo-Baltic Railway Car Plant (RBVZ) in 1912-1914

These included airplanes which released by the avistion department of
the Russo-Baltic railway car plant in Peterburg under the direction of I.I.
Sikorskiy. The technical personnel of the new department were comprised
primarily of the Kiev designers K. K. Ergant, M. F. Klimikseyev, A. A.
Serebrennikov,A.S. Kudashev,G.P. Adler and others who moved to Peterburg
at the invitation of I. 1. Sikorskiy.

Therefore, it is fully understandable that their work at the RBVZ
was a continuation of their work in Kiev. Over two years up to twenty
test zirplanes were put out, among which were airplanes which were the
largest in the world.

The S-6B airplane (fig. 47,a)!. The layout, dimensions and design
of this airplane were insignificantly changed by comparison with the C-6A
airplane. Braking hooks to shorten the runout were installed on the rear
ends of the gear skids, and a semicircular fairing was made between the
two seats. The gear was initially the same as in the S-6A, but in view
of the prejudice accumulated at that time among military pilots against
single-axle gear, they were replaced with a four-wheel gear.

A 100 hp "Argus" engine was installed on the airplane with a device
for starting it from the pilot's seat. The airplane was releasad in July

of 1912 and won first place at the Military Competition for Airplanes.

1 wair Navigation Technology", 1912, No. 8-9, page 534 (diagram).

“Air Navigation Journal", 1912, No. 12 Page 16
"Air Navigator", 1913, No. 4, Page 303
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It showed a speed of 113.3 km/h with a load of 327 kg (before reworking
the gear, the speed was 123.1 kw/h with a load of 442 kg).
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Fig. 47: Airplanes of the Russo-Baltic Railway Car Plant:

a--5-6B (before reworking of the Gear) b-- S-7 ( Russv-Baltic:Mdnoplane)
c~--S-9 ("round")




The S-7 airplane (see fig. 47,!.1)1 was built for a competiticn formed
for this designer's group (G. P. Adler, B. V. Volyanskiy and others), it
consisted of parts of the S-6A airplane and was designed for a 70 hp

YT IATYS o ST AT AR R TR R RIS o DR T e ey T

g A L S T

*Air Navigation Journal", 1912, No. 12, page 17

2 Notes of K. K. Ergant (Contral House of Aviation and Astronautics in
the M. V. frunze.

3 wagro-and Autowobile Life", 1912, No. 23
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"Gnome' engine.
The S-7 airplane was a two-plsce monoplane with « gear like the S-6A,
a fuselage of plywood on an ash frame, wings with ailerons, and empennage ;
like on the S-0B, without a vertical stabilizer and having a frame type
control columm. ; i
The airplane was put out in July of 1912 and participated in the com- :
] petition, but due to breakage of the gear, it did not complete the competi- :g t
“ tion program. Later it was scld to Bulgaria, where it was seat into the % 1
; ;,iz theatre of military operationsz. i%
% ; The S-8 ("Malyutka" ["Pigmy"]) airplane (see fig. 50,a)° was a bi- § 3
§ plane trainer with a 50 hp "Gnome" engine. The pilot's and student's seats 3
; ; were located side by side, and behind them was the widc semi-circular fair- % :
: ing of the upper side of the fuselage. The pedal corcrols were dus! and § x
: the control column was single, moving along a frawe in flight. The front % —%
& part of the fuselage was made of 3-2.5 mm plywood on an ash frame, assembled % %
% with wood screws and furniture glue and the tail part was linemn with wire % ‘;
h The wing cells, of the S--6A type, have three struts with slanted braces ;
: on_the outer psaels of the upper wing. The lower wings lacked 0.5 m of %

1 wair Navigation Technology”, 1912, No. 8-9, pp. 575-576 §
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reaching the fuselage, forming spaces for vision downward. The landing
gear and ewpennage were of the S-6A type. The speed was 80 kw/h. In
this airplane, I. I. Sikorskiy, on September 17, 1912, performed a night
flight with a duration of 1.5 hours at an altitude of 1500 m with a isnd-
ing by the light of bon fires at the Komendantskiy airport in Petersburg.

The S-9 ("Krugliy' ["round"]) airplane (3ee fig. 47,c) is interesting
in that in it a fuselage design of the monocoque type was accomplished for
the first time in Russia. The layout of the airplane was that of a wire
braced center wing. The fuselage had a round section and was made of ply-
wood on a pine and ash frame without glued sections, since the tail part
forming it was straight. The thickness of the plywood was from 5 mm in
the front part to 3 mm in the tail. The airplane was three-place. The
wings, almost rectangularly shaped in plan, were well joined with the fuse-
lage with fairings. The braces, load-bearing and reverse, were wire pairs
with slots between them and with wrapping. The lower parts of the landing
gear arcs were steel, hollow-bodied, welded out of sheets, and ztraight --
ash with a streamlined section. The aixplane was released in the spring of
1913. Regardless of its improved layout sad design, it proves to be unsuc-
cessful. Its 100 hp "Gnome'" engine yielded an actual 80 hp, the monocoque
came out being heavier than calculated and all dimensions of the airplane
were increased somewhat. Flight weight turned out to be nearly 1000 kg.
Even with a "Gnome-Monosupap" engine, the airplane did not attain the speed
of 100 km/h and after test flights, work on it was stopped.

The S-10 airplane. Nearly sixteen airplanes which were cimilar in type
and their modifications with various engines, land and sea planes were united
under this name. According to layout and design, they difrfered little from
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the S-6B airplane and were three-and four-strut biplanes. Their seaplane
variations are described below,

The S-10 1913 competition airplane was especially built for the mili-
tary competition with consideration for its velatively complex requirements.
The S-10 was in the essence of the latter "weakened" variation of the S-6B
airplane. The engine was replaced with one which was smaller in power (an
80 hp "Gnome'), and the load-bearing surfaces were increased due to the
strength of the design. The span of the upper wing was increased up to
16.9 m and the outer wings were folding and could be dropped during storage.
Between the lower wings and the fuselage was a space of 0.45 m for vision
downward. Two seats were located side by side and the control colusn swung
from one pilot to the other.

At the competition the S-10 airplane (fig. 48,a) gave the following
indices: maxi. ~ speed 99 km/h, stall speed 67 km/h, time of climb to 500 m
of 5 minutes 20 seconds, take-off run 80 m, roll-out 60 », loading weight
444-525 kg. On 25 September 1913, the pilot G. P. Alekhnovich flew more
than 500 km in this airplane without a landing, and remained in the air four
hours 56 minutes and 12 seconds. This was an all-Russian recordl.

On the whole, the S-10 airplane won the highest number of points, al-
though as a military one, it lagged behind the S-6A and S-6B airplane, pos-
sessing neither their speed nor their maneuverability. However, its load

ratio of 45-48% was absolutely exclusive. During the next year, this example

1 waix Navigation Technology”, 1913, No, 9-10, pp 440-450

YAir Navigator', 1913, No. 12, page 871
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of the S-10 was reworked for the 100 hp "Gnome'Mcnosupap' engine and sent

to the front. With this, the wing span was decreased by one arch and be-

came 13.68 m for the upper wing, and the iimensional area of the wings be-

2 2

came 35.5 m“ instead of 46 m".
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. Fig. 48: S$-10 Airplanes: Bect available copy.

a-~ S-10 Competition Airplane b-- S-10A Airplane
c-- §-10 Airplane with "Argus" 100 hp Engine

The S-10A 1913 competition airplane (see fig. 48,!:)1 differed from
previous ones in that the seating was tandem (with the pilot in back) and

the wing span was decreased by one arch on each side. Due to the :xtreme

simplicity of the connecting components of the wing spars (flat plates) it

1 waero-and Automobile Life", 1913, No. 18, Page 13
“Air Navigation Technology', 1913, No. 9-10, pp. 440-450
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was always possible to install these arches and their strut again. The
outer panels were fastened on hinges and could be lowered for convenience
in storage. The engine was & 125 hp "Anzani" (actually 100 hp). The speed
and ceiling of the airplane in this variation were significantly higher
than in the previous airplane, but nevertheless its indices did rot give
basis for expecting success at the competition. Thevefore, its testing was
not brought to completion, although pilot G. P. Alekhnovich established an
all-Russian altitude record -- 3420 m on this airplane, and from this alti-
tude glided from Krasnoye Selo to the Korpusniy airpourt. Later, the "An-
zani" engine was replaced by a 'Gnome-Monosupap' and in August of 1914, the
airplane was installed on floats.

The S-10 airplane with the 100 hp "Argus" engine (see fig. 48,c)l was
released in 1913 in two non-identical models with three-and with four- strut
box wings, with which the flight weight reached 1150 kg, including a load
weight of 500 kg (a load ratio of up to 44%).

One S-10 airplane was with a 100 hp "Gnome-Mcnosupap" engine and a two-
strut box wing.

The S-11 "half-round" airplane (fig. 49.3)2, a braced midwing airplane,
built with consideration for the requircments of the 1913 competition, was
a developmeat of the “round" airplane in the direction of lightning, decreas-
ing dimensions and replacing the monocoque with a braced fuselage. The en-
gine ws.s a "Gnome<sMbnosupap" with a 100 hp. In the wings there were origin-

ally ailerons with rigid control, into whose system went steel tubes, working

i

TsGVIA [Central State Archives of Military History], £. 813, d. 14112,1.155
2 wagro-and Automobile Life", 1913, No. 18 p 13
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on torsion and passing through the wing from the rdot to the aileron,
After the competition, the ailerons were replaced with warping, since they
were small. The linen was covered with airplane lacquer, and along it was
oil lacquer. The gear axle was made of steel tubing with ash plug beneath
the struts, The airplane's center of gravity was approximately cne third
the wing chord.

The airplane was designed for the purpose of reconnaissance. The
seating was side by side and control was only from the left seat. At the
competition the airplane received second prize; having showed the data:
maximum speed of 102.3 km/h, stall speed of 71.6 km/h, time of climb to
500 m of 6 minutes, 15 seconds, take-off roll of 77 m and rollout of 55 m.

The S-12 airplane (see fig. 49,b)! was a lightened variation of the
S-11 airplane, built upon the suggestion of the pilot, G.V. Yankovskiy
as a trainer, of smaller dimensions with a "Gnome" 80 hp engine and a fly-
ing weight of 681 kg. This was the first airplane of Russian design in
which in September of 1913, G. V. Yankovskiy performed the
loop on it he established an all-Russian altitude record -- 3680 m. The
S-12 airplane proves to be successful, and was built in a small series
(10-12 copies) with a "Rhone ' 80 hp engine; it served in units of So-
viet aviation during the civil war right up to 1922,

The "Russian Champion" Airpl&nez

The "Russian Champion" was the first four-engined airplane in the
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l TsGVIA[-(:Qntral State /Military Historical Archives ] i
3 f. 2008, op 1, d. 512. 11. 226, 259,
"Heavier Than Air%, 1912, No. 14
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world, the first-born of heavy aviation. The history of its creation is
such. After refusal of the military department to accept the S-6B air-
plane into the inventory, the plant management allowed I. I. Sikorskiy to
build on the order of an experiment a "large airplane for strategic re-
connaissance". The product was developed and a nymber of investigations

were conducted in aerodynamic laboratories, during which installation of

both two and four engines on the airplane was provided beforehand.

The airplane, originally called the "Grand-Paltic" (sometimes called
the "Grand" and 'Large Baltic'), was built at the RBVZ in the winter of
1912-1913 in a situation where even aviation specialists did not believe
in the possibility of flight of a large airplane with several engines.

In March of 1913, the airplane was shipped to the Komendantskiy Air-
port. Initiaily, two "Argus" 100 hp engines were installed on it (fig.
50,a,d Table 10, page 212). On 2 (15) March, the "Grand" was first tested
by I. I. Sikorskiy. The flight was conducted successfully, although it was
clear that the 200 hp output of the engines was insufficient. The ceiling
of the "Grand" did not exceed 100 m. Immediately after the first tests,
two more '"'Argus" engines were installed on it in tandem with the first one
(see fig. 50,c) since the designers feared the appearance of strong torsion-
al moments in a case of failure of the engines on one side. For this reason,
two directional rotors were made with a convexe -concave profile (like in
the wing) with the convex side outward, thereby providing a restoring moment
on the rotor in the flow of the propeller. Th» rotors had horn compensation,
and there were no vertical stabilizers. The first flights of the four-engine
airpiane, beginning on 10 March 1913, showed that these fears were unfounded.

Upon stoppage of any of the engines, the airplane normally performed turns in
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the direction of the working engines. After this, I. I. Sikorskiy bravely
set all four engines in a4 line with tractor propellers, adding with this
two more directional rotors (fig. 51). This was still more advantageous
because it increased the overall thrust of the air propellers, since with

the rear propellers in tandem, as is known, the thrust is always less than

that of the front ones.
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The first flight of the airplane with four engines installed in a row

was conducted on 23 July 1913, The airplane responded to the rotors remark-

TTITHEHAT Y

ably when two engines on one side were shut down. The vitality of this lay-

o R TR T T R R SR A R

out, the basis for all multiengine airplanes, was proved. The “Grand" air-

TR “MM‘M‘MH T ST RS M, b AT AT

"
joen s

plane was at this time remained '"the Russian champion".

o s 2

Over a year, I. I. Sikorskiy made scores of flights on this airplane,

ERLTARTETIE L

W

é including a number of flights over the vicinity of Petersburg with duration
of up to one hour and 54 minutes with seven passengers on board, establishing

g with this a world record (on 2 August 1913). There were no acciients and

e

success was total. I I. Sikorskiy was awarded the rank of engineer.

The dimensions and weight of the "Russian Champion" exceeded by approx-
imately double all those which were then in airplane building technology:

the span of the upper wing was 27.0 m, the area of the upper wing was 70 mz,

S R A S A
0 ul i TR

ol o R s

that of the lower was 50 m2 and flying weight was nearly 4200 kg (see Table
10). In layout, it was sort of an enlarged S-6B airplane, but due to the
absence of staggering of the engines and a long fuselage, the center of gra-
vity of the airplane was located behind the wing cell, and its empennage

was made to be load-bearing and significant in dimensions. This layout

i L A e e B

could be called the biplane-monoplane-tandem. For that time it was the best
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Fig. 50: The "Crand-Baltic" ("Large Baltic") Airplane:
a--"Grand" and "Pigmy"
b-~"‘drand-Baltic" with two engines
c--"Crand-Baltic" with tandem installation
of four engines
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Fig. 51: The Russian Champion Airplane
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The wing cell was four-strut, and the wings were two-spar with a

thin profile with a rise of 1/21. The spars were box type, their walls

AL s e e e vl o i P e

out of 5 mm plywood and their floors out of pine, 18-20 mm in thickness.

P

Jreva—

The height of the spars was 90 mm, and their width was 50 mm; they were

A

assembled with furniture glue and brass screws. The ribs had walls of

8 mm plywood and floors out of pine laths 20x8 mm in section with a

At A Al

groove 3 mm deep for Jastening the plywood walls in them with glue and

kol

nails, driven through the floor into the edge of the plywood wall. The
covering of the linen was enamelite (airplane dope). The bracing was

3~3.5 mm piano wire.

TR, PR T TR AT

The fuselage consisted of a four-sided box construction, made of

AP St Db

% Kostovich arborite. The fuselage longerons were ash, 40x40 mm in section 3
é 7 in the middle part, the thickness of the arborite was 4 mm, and braces and é
g % laths were pine. The width of the fuselage in the front part was 1.4 m §
: g with a gradual decrease to 0.6 m in the tail. The height at the nose and

middle parts of 0.9 m went down almost to zero at the tail. The fuselage

was very thin and therefore had to be strengthened with tie rods having

e R A T L R T

tension members above and below out of 3.5 mm piano wire. The nose part

2
H
£
E
E

g

of the fuselage formed an open balcony, behind which went the enclosed

glass cabin 5.75 m in length and 1.85 m in height, projecting over the

E

R fuselage. In the cabin, in front were two seats for the pilots, and be-

hind them was a glass bulkhead with a door into the passenger compartment

bl !

% : of the cabin, closed with an arborite fairing. In the cabin there were :
% : several woven seats and a table; visibility from it was not excep: ional. :
> This was the firet large enclosed cabin on an airplane in the world. E
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S Igor Ivanovich Sikorskiy

The gear of the "champion" was relatively cumbersome. Two four-wheeled
carriages (with two pairs of wheels on each) were fastened between the skids
on bungee cord shock absorbers and a system of guy wires. The gear worked

without failure. Besides the carriages, the load-bearing braces of the wing §
cell, inserted in an addition to the crosses of the braking between the wings,

"uwmmmmmmmmwmﬁmwmﬂmm%ﬂmmﬂmﬁmmﬁmWmmm iy WWWW I I e Ty oy i M
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were fastened to the gear skid. Control of the airplane was with two columns

and pedals and it was transmitted with cables. The fuel tanks were made of

Rl Ut U R UL e LT

0.6 mm brass. Tube radiators were installed along the sides of the inboard

engines.

Lt L U

The "Russian Champion" did not exist for long. On 11 September 1913,
at the 3rd Competition for’/ Military Airplanes an emgine from the "Miller-II"

ST T I P MBS e

airplane, flying above it, tore loose and fell on its left wing cell, serious-

ly damaging it. After this, the airplane was not restored, because its wocd
had already had time to get wet and doubts arose as to its strength.
The role of the '"Russian Champion" airplane in the history of aviation

is great. It was the prototype for all future heavy airplanes with engines
installed in a row on the wing, regarcless of their layout. The airplane was

T T QT S P, S N S e M
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successful and served as an example for the great and fully earned national
pride. A direct continuation of it was the "Il'ya fjuromets" air-
plane, construction of the first copy of which was finished in October of
1913 (see page 131).

Seaplanes of I. I. Sikorskiy 119/

The S-5a airplane, a two-float seaplane (fig. 73,a, see Table 11) was
built at the end of 1912 on the order of the naval depsrtment for a "Gnome'
60 hp engine. According to type and layout the machine was similar to the
S§-6 A airplane, but with a three-strut wing cell which was decreased by one
section, with two stepless floats and a third float -- a cylinder beneath
the tail. The width of the fuselage was decreased slightly toward the tail,
but its height was reduced almost to zero. However, due to the plywood cun-
struction, the fuselage generally possessed sufficient rigidity, although:
it was less than a fuselage of normal dimensions. The airplane was tested
at the Grebniy Port in Petersburg. G. P. Alekhnovich flew in it. The
engine power proved to be insufficient, the airplane was not accepted by the
naval department and remained at the factory as a tuinerl.

The S-Sa single float seaplane (see fig. 73,d)2. This airplane, about
which very little information has been retained, was a second variation of
the S-5a airplane on a single-float gear with outrigger floats beneath the

wings and a tail cylinder. The main float had the same outline as the two

1 wair Navigation Technology", 1912, No. 10 page 574
"Heavier Than Air"', 1912, No. 14
2 "Aero-and Automobile Life", 1913, No. 10 page 15

"Air Navigator', 1913, No. 9
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outriggers- but was double width. The engine was a 80 hp "Gnome". The
airplane flew better than the "Curtis" or "Farman-XVI", was accepted by

the naval office as a scout plane and was sent to Rivo in September 1914.
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Yig. 73: Froat Airplanes of I. I. Sikorskiy:
a--5-5a Two-Float airplane b-~S-5a Single Float Airplane
c-~S-10 "Hydro" airplane

The S-10 "Hydro" airplane. Seven seaplanes, accepted by the naval

iy v %

()

office and making up the inventory of naval aviation on the Paltic Sea in

s gl by e e b

1913-1915 were combined under this nsme. They participated in military

actions in the beginning of WW I. They include: the S-10 -- a seaplane
with a "Gnome-Jonosupap' 100 hp engine and series of five models with the
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“Argus' 100 hp engine, built in the summer of 1913 (see fig. 73,c).

The plane looked like an S-5a two-float, diflering by the seats shift-
ed aft and mor2 bulbous fuselage belly. Additional struts ran from the
motors to the floats, tube radiators were placed along the fuselage sides,
and a vertical stabilizer was introduced. In outline, the floats were copies
of those on the S-5a, but were larger, a water rudder, smong the first in
the world, vas installed sbaft the tail cylinder on the rudder post. This
serics also includes a sixth S-10 copy with a 115 hp "Argus" engine, con-
verted from a landplane.

Navy fliers did not like the S-10 airplane much because of their open-
ess and lack of strength and especially feared their very thin and flexing
tails. However they did not bresk apart in the air and one case was even
noted when the pilot I.I.Kul'nev, flying this airplane on 15 December 1213
in Libav performed flight in an inverted position, floats upward, at an
altitude of 300-400 n and came out of it nom\uyz.

Airplanes of the Russo-Baltic Rajilway Car Plarnt in 1914-1917 159/

These include five airplanes and their modifications, built at the
IBVZ simultaneously with the "Murometses'.

Th~ S-XVI (S-16) airplane (fig. 92,3)3. This was a single-strut two-
place biplane with side-by-side seating, 80 hp "Gnome" engine, a relatively
large ving area, and a farman type gear. On one model! with a 60 hp "Kalep"
the upper wing was increased by 2 m>. With this, the ailerons .. .
on the  lower wing were elininsted, and the ones on the upper
! TsvIA £.843, d. 14122, 1. 155

"Asro", 1914, No. 1, page 21; "Air Navigation Technology", 1914, No.2-3

TsGVRA, F.369, op.8, d.72, 11, 13,14,18-22,25; d.54, 11. 4-6, £.493,0p.4,
d.414, 11.30-4-305. £.2003, op.2, d4.623, 11. 38,41,121,125; op.3, d4.628,
1. 169; £ 2008 op 1,6 d4.47, 1 34

I.M.Xotskin, notebook of 1917, Scientific and Memorial Musuem of N. Ye
Zhukovskiy
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were greatly enlarged. Its armament consisted of a synchronized machine
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{ Fig. 92: Airplanes of the Russo-Baltic Railway Car Plant:

. #~~S-XVI Airplane b--5-SIX Airplane c--5-XX Airplane

The airplane was created as an escort fighter to protect airborne
"Murometses” , and . for covering their base airfields. It was put out at

' the end of 1915. In all, eighteen airplanes were built in January-March of

1916 and several more were built in 1917, The S-XVI airplanes were used

primarily later, already in the Civil War and existed up to 1923,
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There was a float yersion, but it did not justify itself.

The S-XVII (S-17) airplan.e1 was a two-place two-strut reconnaissance
biplane with spaces between the lower wings and fuselage (for visibility)
and the overall appearance was similar to the S-10A. The engine was a "Sun-
beam " of 150 hp. Two models were built at the end of 1915 and during the
middle of 1916 they were sent to the Front. This airplane, like the twin
engine S-18 following it, were then called "fighters",

The S-XVIII (S-18) airplane (fig. 93)2 was a two-place four-strut bi-
plane with two '"Sunbeam" engines of 150 hp cach installed in the lower wing
as pushers.

The gumner's cockpit was in front. The fuselage was covered with ply-
wood. There was clearly no room for a second gunner firing backward in this
layout. The purpose of the airplanc according to the project was "to carrcy
to the service a fighter .....to deliver swift blows to the enemy who is
flying on our tazrritory....." . Due to the icy quality of the "Sunbeam"
engines, the airplane csmnot :ven lift off the ground with a fuli ioad. iFour

"Gnome" 80 h;: engines were installod in two tandems. In general, the test-
ing dragged ¢, and the airplane arrived at the front only in May of 1917.

The S-XIX (S-19), "twin-tail") airplane (see fij. 29,b)3 was a twin
fuselage biplane with tandem installation of two "Sunbeam" engines of 100
hp each on the center part of the lower wing with a frontal radiator which
was common for both engines. The fuselages were four-sided, plywoud, with
1 TsGVIA, £. 2003, op. 2, 4.623, 11. 89, 289, d. 624, 1. 179

K.K. Ergant, notes, Central House of Aviation Imeny M.V. Fr
2 TsGVIA f. 369, op.8 d. 54, 11.17-18; d.72, 11.13,14,25,34;

£.493,0p.17, 4,10, 11.15 (drawing) 36;
£.2008, op.i, 4.293, 1.57; 4.502, 1.110; 4.512,1,100,

5 TeGyVIA £.2098, op 1, d.512, 1.100
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a tight cabin in the nose part of each one. The horizontal stabilizer
laid on the fuselages, and the two elevators were separated by a large
rotor with horn compensation. There was no armament. The purpose of

the airplane was unclear and its flight qualities wer:z determined. The
airplane was built on the order of the War Office, which apparently wanted
to reproduce something from the German twin-tail airplanes.

The S-XX (S-20) airplane (see fig. 92,::)1 was a single place fighter
first with a "Gnome-Monosupap" 100 hp, and then with a * Rhone " 120 hp
engine. The upper winrg, carrying the ailerons, exceeded the lower ones
somewhat in chord and span. The airplane was built in September of 1916
in five copies. This was a very good airplane and in speed it exceeded
all "Neuports', lagging somewhat behind only the "Vickers". The S-XX
airplane, in its design and data was on the level of the very leading
equipment of 1916-1917. Unfortunately, it was not built in series and

remained almost unknown. Its float variation was not finished.

1 TsGVIA £.2003, d.623, 11.88, 289; d.624, 1.179,£.2008, d.492, 1.32;

d. 630, 1.54
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BOMBER AIRPLANES

"I1'ya Muromets" Airplanes

The layout and design of the "Il'ya Muromets" airplane. The large

four-engine airplane of the Russo-Baltic Railway Car Plant released fol-

lowing after the "Russian Champion' was named the "Il'ya Muromets"1 and

E this name became the collective name for a whole class of heavy airplanes, ;?

E built by this plant during the years 1914-1918 (Table 10). L

o % 3
The "I1'ya Muromets' airplane was a direct development of the "Rus- %% £

sian Champion" in which only the overall layout of the airplane and its

wing cell with installation on the lower wing of four engines in a row

AT

remained essentially unchanged. The fuselage was principally new: for

the first time in world technology, it was made as a solid whole without

ey | R AR

projection of the cabin, with a four-sided section, height greater than
that of a man and without tie rods strengthening. Its front part was
occupied by the cabin. The Ilya Muromets" was the prototype for all
further military and civilian airplanes with a fuselage which included

the cabin in the streamline body.

T LT TR T AT TR AT e

AT S TSI P A TR T

1

TsGVIA £.369,0p.8, d4.72, 11.1-4, 13-14,29-37; op.16, d.489, 11.17-56;
£.463, ( ), d.4881, 11.42,223-228 (Technical conditions for
procurement of IM [Il'ya Muromets] airplanes); £.493, op.4,d.424,
11.63,66,80,144; d.441,11.217-218; 4.160,11.168-169; op.7, d.92,11.1-10;
op.11, d4.10, 11.186,202,235,255-256; d4.55, 11.60-68,73-75; d4.2126,
11.9,22-24; 1.3454, 1.45.

TSGASA £.29,0p.13, d.427 ; K.N.Finne, the Russian Air Knights of I.I.
Sikorskiy,Belgrade, 1930; G.P. 'Adler, the development of russian aviation
design up to the First World War, dissertation 1946, pp 177-184;
V.F.Naydenov, airplanes, Pgd, 1915, p.297; "Air Navigation Technology®,
1916, No.4-5, pp 105-107; “To Sport !", 1914, No.5 p.17: ‘*Aero-and
Automobile Life'!, 1914, No. 1,4,5,8 ; I.M. Kostkin, notebooks stored
in the scientific-memorial musuen of N. Ye. Zhukovskiy
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g é Fig. 115,116: First "I1'ya Muromets" Airplane (Plant 107) With
: a Middle Wing and "Equipment-Machine-Qin Platform"
: 3 in Front of the Fuselage
§ § A number of improvements in the design of the airplane allowed the
: i achievement of significantly better results with the same four "Argus"

§ 100 hp engines as in the "Russian Champion': the load weight and ceiling 5 3
§ § of the airplane was twice as high. The wing area of the first '"Muromets" ; ?
§ é (182 mz) exceeded the wing area of the "Champion'" by 1-1/2 times,'but § g
é ? its empty weight was only a little higher. The cabin length was 8.5 m, % é
é. § its width was 1.6 m and its height was up to 2 m. ? §
é § It is interesting that the designers did not immediately move to the % %
? ; finalized layout for the airplane. The initial airplane had one additional, % §

iy

middle, wing with cabanes for fastening its bracing between the wing cell

and empennage, and additional skids ("middle undercarriage') were made

Aot A B 2

beneath the fuselage (figs. 115 and 116). At first even a whole biplane

0y 5

LA L L T R T T

cell was installed (upon the suggestion of K. K. Ergant) and the first

AU R 1 A A
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flights were made in this form. However, the additional wings did not
justify themselves, the load capacity was not increased due to this, and
they were removed.

A platform with handrails remained from the removed middle wings,

and it was possible to stand on it during flight (fig. 117).

1
A
1
i
‘9
¢ s s &
2 TRy §‘!-£
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Fig. 117: "I1'Ya Muromets" Airplane (1st Copy) on Skis

There was initially still another feature in the configuration of
the airplane. Considering the military puivose of the "Muromets" and
proposing to use for its armament a 37 mm cannon and two machine guns,
the designers installed on the middle skids of the undercarriage a "arm-
ament and machine gun platform" locating it in front of the fuselage nose
and a meter below it. almost at the ground itself when at rest (see fig.
116). The gunner had to crawl onto to this platform from the cabin during

flight. The platform was guarded with handrails. Later (after the series)
it was eliminated.
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The layout of all "Muromets'" was in general, identical (fig. 118) --
% a six-strut biplane with a very large span and length (up to 14 on the up-
g per wing). The four inboard struts were grouped together in pairs and
§ the engines, standing completely in the open, without fairings, were in-
é : stalled between the pairs. Access was provided to all engines in flight,

for which a plywood walkway with wire handrails ran along the lower wing.

There were many examples when this saved the airplane from the forced

landing. On some airplanes, the four engines were installed in two tandems,
4 and in some cases, the training '"Muromets" had a total of two engines. The

design of all "Muromets' was also almost identical for all types and series.

R b e

Its description is given here for the first time.

The wings had double spars. The span of the upper one was about 24 to

34.5 m, and that of the lower one was 17-27 m respectively. Length of the

chord was from 2.3 to 4.2 m. The total surface of the wings, depending on i3

LU

their dimensions, was from 120 to 220 mz. The spars were placed at a mean

: ; of 12 and 60% of the chord length. The thickness of the wing profile amounted

to from 6% of the chord in the more narrow wings and to 3.5% of the chord in

the wider ones. The wing profile was constructed primitively (see fig.150).

Their upper and lower contours were parallel from the leading edge to the

N el
o8 i gl et st B o R A

aft spar and described an arc of a circle. From the aft spar the lower con-
tour of the profile went approximately along a straight line to the trailing
edge. The leading edge of the profile was described with a semicircle. The
arch of the profile was 1-22 - 1-24,

The spars were of box construction. Their height was 100 m (sometimes

BRI B TR R

90 mm), their widthk was 50 mm, and the thickness of the plywood walls was 5 ma.

The thickness of the caps changed from 20 mm in the wing center section to

-37-




14 mm at the wing tips. The material of the cap was initially imported
Oregon pine and spruce, and later common pine. Shelves of hickory wood

were built into the spars of the lower wing beneath the engines. The

spars were assembled with furniture glue and brass screws. Sometimes a
third spar was added to the two, behind the rear one, to which the ailerons
were fastened. The bracing crosses were identical, located on a single
level and made out of 3 mm piano wire with tighten.rs. The wing ribs were
simple and strengthened, with thickened caps and walls, or sometimes with

double walls out of 5 mm plywood, with very large elongated holes for weight

2 -y » T ke PRy A ey o ., b g o L i ol o K
o L B A S50 a0 SRS ST ad o A0 T 5 i X, e e 80 e i 0 4

reduction, and the caps were made out of pine laths, 6x20 mm with a slot

2-3 mm in depth, into which the wall rib went. Assembly of the ribs wad

e DA NS el

done with furniture glue and nails. The rib spacing amounted to 0.3 m

throughout. As a whole, the design of the wings was light.

Rl L L LR o I

The sections of the wing cell struts were teardrop-shaped, 120x4C mm,

2
=
k4
=

=
3

with a decrease toward the ends to 90x30 mm. On later types of the "Muro-

mets'" these dimensions were larger. The struts were made out of pine, glued

R T L]

up out of two halves and were hollow. The thickness of the strut material

after miliing was 9 mm in the middle struts (at the engines) and 8 and 7 mm

ATt IR RS U R A LR T i

A Tyt R

in the remaining ones. The end angle braces of the upper wing were of the
same section.
Wing cell braces were made out of piano wire (3.5-3 mm) and almost all

were paired -- out of two wires with a lath 20 mm wide inserted between them

TS b AR [ e

and wrapped with tape on glue., The tighteners in all braces were installed

on the lower ends of them. An adjacent pair of tightenors was fastened to
an intermediate eye, which in turn was fastened by a bolt to a cut fitting

in the strut base. Secondary braces were single, but the more heavily loaded

| onRIRAGY B YRR
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Fig. 118: Layout of the "Il'ya Muromets" Type C Airplane, 1915 .
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The wings were made to come apart along the span. The upper one

- ' usually consisted of seven parts: a center section, two intermediate parts

on each half-span and two end panels; thc lower one consisted of four parts

Assembly components were box-type, welded and made of soft steel (Gp*

40 'kg/mm‘ ). As in all other parts in the airplane, they were a very sim-

ple and expedient design. Miny components consisted of the simplest flat
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plates. Assembly of the units with wooden parts was done om bolts with
inch thrwad. The larger dolts were conic (see fig. 151) with hexagonal
heads, beneath which the bolt diameter was 12-14 mm, and at the end it
was 8 mm.

The design of the fuselage was braced with 3 linen covering on the
tail part and with a plywood (3 mm) covering on the nose part. The froat
part of the cabin was originally curved and glued out of veneer sheet,
and in later "Murowets" it was multi-sided with a simultaneous increase
in the glassed surface. Part of the glassed panel opened. The fuselage
centers in later types of the "Muromets" reached 2.5 m in height and 1.8 m
in width. The cabin volume reached 3¢ ».

The fuselage frame consisted of four ash longerons 5Cx50 mm in sectiom
in the front ond middle parts (35x35 mm at the tail). Joining of longeron
pieces was done with miter joints with furniture glue and wrapping with
tape. The lateral elements of the frame are manufactured of pine and the
braces were made out of piano wire, doubled throughout. The inside of the
cabin was lined with plywood. The floor was made of plywood up to 10 mm in
thickness. In the floor aft of the pilot's seats, there was ususlly a win-
dow with a thick glass for siming devices. On the left side (or on both)
behind the lower wing was a draw-away entry door. In the later types of
the "Muromets" the fuselage was detachable behind the wing cell.

The horizontal stabilizer of the "Muromets" was load-bearing and had
relatively very large dimensions -~ up to 30% of the area of the wings,
which is rarely encountered in airplane construction. The profile of the

horizontal stabiiizers with the elevators are similar to the profile of the
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wings, but thinner. The stabilizer had two spars, the spars were box-

type, rib spacing was 0.3 m and the rim was pine. The stabilizer was

divided into independent halves, fastenmed to the upper longerons of the

fuselage, to a four-sided cabane and to the top of the hook pyramid. The

braces were wire and single.

There were usually three elevators: a center mzin one and two side
ones. With the appearance of the rear firing point the side rotors were
spread widely along the stabilizer, increased in dimensions and fitted
with overhany compensation, and the middle rudierwas eliminated.

The ailerons were present only on the upper wings, on its outer panels.

Their chord comprised 1-1.5 m (from the rear spar). The control surface

levers had a length of 0.4 m, and sometimes special tubing with braces up
to 1.5 m long were added tc these levers.

The undercarriage of the "Muromets" was fastened beneath the inboard
engines and consisted of paired N-shaped struts with skids, in the spans
of wvhich were fastened wheels in pairs on short axles with rubber bungee-

cord shock absorption on hinged shoes. The eight wheels were coupled in

pairs with leather. A dual wheel with & very wide rim was obtained. The

undercarriage was unnaturally low, but everyone was convinced that the un-
usually high, for the pilots, undercarriage might be a reason for an acci-
dent during a landing due to the difficulty in determining the distance
from the ground.

The taii hook consisted of an ash beam with a section at the support of

80x100 mm and a length almost the height of a man. The upper end of the

hook was fastened to a lateral fuselage brace with rubber bungee cord, and
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on the lower end with a skid plate of considerable dimensions. In the
first *Muromets" there were two parallel tail skids of smaller dimensioms.

At rest, the fuselage occupied an almost horizontal position in view
of this the wing was set at the very high angle of 8-9°. The position of
the airplane during the flight was almost the same as on the ground. The
angle of installation of the horizontal empennage was 5-6°. Therefore,
even with the unusual layout of the airplane with the position of its cen-
ter of gravity aft of the wing cell, there was a positive longitudinal V
of about Z° in it and the airplane was stable.

The engines were installed on low vertical frames or on beams, con-
sisting of ash shelves and braces, sometimes protected with plywood.

The fuel tanks -- brass, cylindrical, with sharpened streamlined ends,
were usually suspended under the upper wing. The nose paris of them some-
times served as oil tanks. Sometimes the fuel tanks were flat and were
located on the fuselage.

Cont-ol of the engines was separate and common. Besides the levers
for contyolling the throttle of each engine, there was one common " auto-
lock " lever for simultaneously controlling all engines.

The control of the airplane was by cable. Originally a control frame
was made and later it was a column. Control was always single. It was
considered that if the pilot was killed or wounded, he could be replaced
by another member of the crew, which subsequently happened more than once
in a combat situstion. The foot control was with pedals. The control wire
was sometimes doubled jin places.

The entire design of the airpiane, like its layout, for 1913-19i4 and

to be recognized as leading, simple from a production stardpoint and expedient.
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Construction on the first copy of the "Il'ya Muromets" airp‘ane was
ccapleted in October of 1913. The first factory flights, during which
tests with the middle wings were conducted, wer: not totally successful.
After the airplane could pass its testing, they began to make rating
flights in it. A number of records was set. On the 12th of December,
the "I1'ya Muromets" lifted a load of 1320 kg (the previous record on a
Somer Airplane was 653 kg). The ta’.e-off run during test flights sowe-
times did not excesd 110 m’. I.I. Sikorskiy piloted the airplame. After
a number of flights with various loads on 12 February 1914, a flight was
made with sixteen passengers on board (and with a dog); the weight of
the cargo lifted was 1290 kgz. During the course of February and’/ March,
several scores of flights with an overall duration of 23 hours were com-
pleteds.

In the press of those years it was noted that during flight people
could walk along its wings without disturbing the balance of the machine
in the least in doing this. The stoppage of even two engines still does
not foresee the machine to descend immadiately. It can continue flight
even with two engines working 4. For those times all this was completely
and heretofore unseen and made a great impression on participants and wit]
eye witnesses of the flights.

However, regardless of the success, numerous flights showed that the

power of the engines was insufficient.

"Aero-and Automobile Life', 1914, No.l1 (Chronicle)
ibid, 1514, No. 4 (Chromicie)

Ibid, No.S

Ibid, No.8
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Flights were conducted in winter, and the airplane was set on a ski

undercarriage. The first skis in the world for a such i large airplane

were built, having the shape of paired skids and were fastened on two

cabanes each, with rubber bungee cord shock absorbtion. There were aiso

two tail skid skis. The "Il'ya Muromets" seaplane (IM-B float)l.

This was the first example of the "I1'ya Muromets" airplane (plant
no. 107), installed on a float undercarriage upon the order of the naval
department. Its four 100 hp “Argus" engines were replaced with two "Sal'
mson" engines with 200 hp (inboard) and two "Argus" engines of 115 kp
(outboard).

There were three floats: two main ones and a third on the tail (fig. =
119). The main floats were fastened beneath the inboard engines to special
undercarriage struts on rubber bungee cord shock absorbers. The cords were
wound onto the crossing steel tubes, which connected the fastenings of both
floats, and onto the tubes of the float cabane parallel to them. The floats
were short, without steps and flat-bottomed, with low reserve buoyancy
(about 1.3) and in type were similar to the floats of the S-5a airplane.
They were mvde of plywood on an ash frame and were distinguished by their
simplicity of construction. The airframe of the airplane remained the pre-

vious one and its design was strengthened,

ST TN A DAY o A 1 S 0, P AT PR A ST ) L N O S R R

! 7eGvIA, £.2008, op.i, d.724, 1.6

K.A. Karillov, Materials of the historical department of the Main Naval :
Staff, 1947 3
[Translator's Note: Letter designations have been converted alphabetically
throughout, i.e. original A=A 6 = B, B=C I =D, =E, E=F]
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The first flight with a duration of 12 minutes was made on 14 Nay

19141, Piloted by I. I. Sikorskiy and lieutenant G.I. Levrov, the airplane

successfully passed testing with a full load. Sea going capability was

T T B

satisfactory, and controllability on the water was good, which was made
favorable by the possibility for using the work of engines on either side

for turns.

The "Muromets" in this variation was accepted by the navy department.

This was the larges;sesplane in the world right up to 1917, The Il'ya
Muromets Kiev" (IM-B Kiev) and series Bz. This air ship (this is what

L i it i SRR A S A b R RS

they began to call the "Muromets), the second in numbering, with factory

AR N R L o et b AR Ll b N

number 128 (fig. 120) differed from the first with its smaller dimensions

é
=3
=

and more powerful power installation -- four "Argus' engines of 140 hp
(the two inboard ones) and of 125 hp (the two outboard ones). The large

bt ot ol 8 b i ety

increase in power with lower weight allowed several new world records to

be immediately set.
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Fig. 119: [Il'ya Maromets Airplane on Floats
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1 rsovam, £.843, d.14165

H
£
£
&
£

"Aero-and Automobile Life', 1914, No. 12, 13
The Petersburg-Kiev-Petersburyg Flight, 1914
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4 E On 4 June 1914 -- a climb to an altitude of 2000 m with ten passen-
e
g gers on board. The flight of I. I. Sikorskiy took place over Pulkovo,
%j Krasnoye Selo, Tsarskoye Selo and over the ocean for a period of one hour
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27 minutes.

R

On 5 June -- the flight with five persons on board for a period of

L2 AR 1 A Y e e S b

igf six hours 33 minutes, 10 seconds. Six hundred fifty versts were coversd L

: f§f and thereby the record for duration of a flight was established. "‘j
g 16-17 June -- flight from Petersburg to Kiev with a landing in Oresh * 33

: % in 12 hours 15 minutes flight time and back with a landing in Novosokol'- f é
niki, for a total of 30 hours 30 minutes. The load during this flight ; é
g ' amounted to 1610 kg: a crew of four persons (I. I. Sikorskiy, G.I. Lavrov, ‘%
: Kh.F. Prussis and V.S. Panasyuk, tools, spare parts and baggage for a total :
i ] weight of 150 kg, 940 kg of gasoline and 260 kg of oil). j
5‘ ;i This airplane received the name "Il'ya Muromets Kiev" in honor of the
: g flight. In 1915-1973 more airplanes were built which bore the name "Kiev i
% Ship" and one replaced the other.
7 : After sending this airplane to the war department in August of 1914,
an “armament-machine gun platform" on it was removed, and installation of

the armament was done later, already in the front. This airplane was in

service for over two years, completed comhat flights and then was used as

a trainer and was written cff in 19161.

i PR 4 4yt O AR P B B e

&

I MR S o
oAt a0 D) F 8 L ML

T e e Il AT

1 rsGvIA, £.493,0p.5, d.36, 1.165

R L R WL A AP I UG U N

L R T e TR e P TE

-46-

il x

3
2
i
2




!

E
&
E
g
g
<

=
3
E
E
£
£
£
g
=
E

Tl o

T, TR TR T

TR TR T e

[ YR T N T T Y TR T T o e 4 S

S I RSN A AN b

P R (0 P g

A o R LN R B By

T G R W

e oy o

R T ke b on 5o s o0 I i

Airplane number 135, the same type as the “Kiev" with four 140 hp
"Argus" engines was transferred to the war department on 31 August 1914.
Both of them, together with the first "Muromets" and four subsequent ones

received the general designation "Series B" (A indicated the "Russian
Champion" * airplane).

For the subsequent four series B airplanes, which corresponds in

dimcneions to the "Kiev", there were not enough “Argus" engines. The

10-12 engines in reserve were intended for airplanes of the next series

C. It was necesary to install "Sal'mson" engines which were on hand.

They were rotary type, the l4-cylinder 200 hp (the two inboard ones) and

9-cylinder 135 hp ones (the two outboard ones). There were no hoods or

f. rings and these engines with their radiators and equipment gave high

frontal drag. Therefore, regardless of the relatively high power, the

speed, ceiling and load of these ships was lower than with the "Argus"

engines.1 Only student and training flights were conducted on the series

B airplanes (fig. 121). In December of 1914, the airplanes produced were

gathered into the "Escadrille of air ships'. This was the first strategic

aviation assemblage ip ;he_ world.
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Fig. 121. "Il'ya mmets" SQries B Airplane with Sal'mson Bngine

1 nid, £.493, op.4, d.425, 1.73
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Fig. 120: "Il'ya Muromets Kiev" Airplane in Flight
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The "Il'ya Muromets' series C (lightened combat, narrow-wing). After
the first seven airplanes, the B series was discontinued; production was
begun of the new series C airplanes, of significantly smaller dimensions
and weight ("lightened combat'), and more applicable to combat usage. Their
speed was significantly increased. The design remained generally the same
as the previous one. The crew was also four persons.

The airplanes of this series (about 30 copies) underwent several changes
in connection with military requirements. The initially round and blunt nose
of the fuselage was made sharp, then multi-edged, while the glassed area con-
stantly increased. A second door was made on the right side and a row of
port holes were cut through. The fuel tanks were shifted to the fuselage be-
neath the wing center section and along the sides, so that in case of bullet
puncture the leaking gasoline did not flow onto the engines. The oil tanks
were located behind the engines. The outer edges of the wing began to be
manufactured out of steel tubing with this series (before this they had been
wooden).

The dimensions of the series C ships are given in fig. 118. The weight
of the airplane was about 2000 kg, and with the power unit it was 2900-3150
kg depending on the type of engines. The name "narrow-wing' was given later,
after the following series D with wider rings (the upper and then the lower)
had already begun to be built.
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Fig. 122: "Il'ya Muromets" Series C Airplane (“"Kiev ship")
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A large part of the series C airplanes (apparently, 22 copies) was

e syt sl
L TR ] MR

; fitted with four "Sunbeam" 150 hp engines, but there were also other vari-

: ations: 2
: -- two 140 hp and two 125 hp "Argus" engines ("Kiev ship") (fig.122)
E and four "Argus" engines of 140 hp each. Both variations exceeded in their

P [ . oL - P g o 1 N
g e 15k AL e A S et b Pt B
v e e e A T B
"
12

flight qualities the airplanes with "Sunbeam" engines, which actually yield-
ed a total of 110-120 hp;

four RBZ-6 engines of 150 hp;

two “Sal'mson" engines of 200 hp;

e e S R

-- two "Sunbeam" engines of 225 hp; [
: - trainer variations, in which the "Sunbeam" engines were also in- %
.. stalled with pusher propellers. In both of these, which was relatively un- 3 j
= 3 i
: usual for "Il'ya Muromets" twin-engine modifications, the wing cell had a 3
: slightly (by 1-1.5 m) smaller span as a result of removal of the sections
% beneath the outboard engines. For training flights without the combat load
b the power of these two engines was sufficient (fig. 123). ﬁ
. p7e w— R

,. J\ “l" 4_‘ P ;wm‘:{bm ”-‘mf'w '—&ﬁl::’ -1 'j §

F""‘Mr«.am" g LI }‘—:.‘:_ ‘ .'.; T v" --'1 ’ . * :

Fo o e t:'”{-?"_“-’ "'."‘ ;3? i *"""“&5
= L;:‘\a&’id\-ﬂl’.";— .23.:..-2‘24'&'.'- B TR AN hot.-:.—-l- v I .::Ih:-fd ; %i
4 Fig. 123: "Il'ya Muromets' Series C Trainer Airplane With Two 'Sunbeam" H
Engines of 225 hp With Tractor Propellers"

The "Kiev ship" had a glorious history. In 1950, 30 combat flights
were performed on it with good results. Both this airplane and its crew

3
Eé{
E
3
3
3
2
£
£
£
§
£
3
3
¥ (I.S. Bashko, M.V, Smirnov, G.G.-Gorshkov and A.A. Naumov) were outstanding,
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showing a graphic example of what could be obtained from mastery of military
equipments.

In the spring of 1915 on ship no. 167 with RBZ-6 engine, the first test
in the world was conducted of 1ifting and dropping a 25-pood bomb (410 kg) ,
a size previously unseen. The test was absolutely successful. The bomb was
a practice one (fig. 124). In practice even after this, bombs were used
which weighed no mnre than 15 poods (rarely) and usually no more than S poods.
A bomb was made weighing 40 poods (656 kg), but it was not dropped.
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Fig., 124: "I1'ya Muromets" Series C Airplane with RBZ-6 Engines With
a Suspended 25-Pood Bomb"

According to yet unsubstantiated documentary information, there was a
"Il'ya Muromets' airplanes with four "Fiat" engines of 110 hp each, having
frontal radiators.

The "I1l'ya Muromets' series Dl. These series D airplanes, whose out-
put was begun in December of 1915, were distinguished from the Series C

airplane with their somewhat larger dimensions and in particular by the

1 TsGVIA, £.493,0p.4, d.424, 11.29,63,66,80; op 10, d.46, 1.290; op 11,
d4.10, 11.15,131,
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width (chord) of the upper wing (3.2 m) and the lower one (2,46-2.6 m).
The crew was six persons. The weight of the airplane without the engines
became 2800 kg. The following combinations of fou:: engines were used:
"Sunbeam" of 150 and 160 hp, "Argus" of 125 and 140 hp, "Berdmore" of

160 hp and RBZ-6 of 150 hp, and also two '"Reno'" of 220 hp with two RBZ-6
or "Sunbeanm'.

Fuel and o0il consumption for the "Reno" with RBZ-6 was 176 kg/h,
while for four "RBZ--6" engines it was 137 kg/h.

The "Il'ya Muromets" series D-1 ‘ (IM-G-1) was similar in design to
the "I1'ya Muromets'" series C, but differed from its predecessor in its
less developed ailerons. The first copies were fitted with "Sunbeam" 150 hp
engines; two of them were fitted with "Sunbeam" 160 hp engines 2, On one
of them, bearing the name "Kiev ships" (the second in numbering) four "Ar-
gus" engines of 140 hp each (or possibly two of 140 hp and two of 125 hp)
removed from run-out airplanes were installed. At the end of 1916, the
"RBZ-6" began to arrive and became the basic ones for the '"Muromets" and
were then used in combination with "Reno" engines of 200 hp or without
them.

Some of the copies, begun as D-1, were in the course of construction
changed into D-2, D-3 and D-4. One of the D-1 airplanes was transformed

into a E-3 °.

Ibid, op.4, d.160, 11.168-169
Ibid, £.2008, op.1, d.512, 1.319; d.735, 1.73
Ibid, £.369, op.8, d.72, 1. 86
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% The "Il'ya Nuromets" series D-2 (“Russo-Baltic strengthened wide- ?
;fiii winged"). This series was begun in 1916 with the production of one copy. % é
t%; Then after the first series of D-3 and D-4 was continued in 1917-1918. 5 E
;% A total of 8 copies were builtl. é
r' These airplanes were distinguished from the series D-1 airplanes pri- § :
marily by a single very important innovation -- a gunner's compartment : 5
% *machine gun nest" in the end part of the fuselage. With this the fuse- _ E
# ; lage design was still not changed and the gunner's compartment occupied %
F the last, pointed in plan, section of the fuselage, which began from the ;‘% *
aft spar of the horizontal stabilizer. Its dimensions were: length 0.8 m, § ;
% width 0.6 m and height 0.7 m. This cabin, initially very crowded, was then §
“ f enlarged. The machine gun stood on a spindle at the extreme rear point of i
the fuselage. Z
In connection with the appearance of this compartment, the vertical “
empennage was changed (fig. 125). : ;
T -
7 Fig. 125: Tail Machine Gun Compartment of the "Il'ya Muromets" Series D-2 P
z . Airplane : :
1 rsGaxa, £.29, op.10, d.654, 11.137-138 i

S "Journal of the Airfleet', 1921, No. 8-9, pp 14-15 i
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On the first copy of the Series D-2 airplane was a flat-bottomed
fuel tank, consisting of three sections and located on the top of the
nose part of the fuselage. In the tank was a hole for exit of the gunner
onto the upper platform. Behind the tank was a ferring out oy alumisum
and a hatch with a "Lewis" machine gun, which could be shifted from one
side to the other.

They installed fuel tanks on airplanes of later production which were
normal for the "Il'ya Muromets" -- cylindrical with strcamlined ends --
between the wing center section and the fuselage, each holding 345 kg of
gasoline. The wings were set an angle of 9 degrees and the engines at an
angle of 4 degrees. The area of the ailerons was 14.5 12, that of the hor-

izontal stabilizer was 24 mz 2

, that of the elevators was 11.5 a“, and that
of the rudders was 7 mz. Armament consisted of five machine guns and 170 kg
bombs.

In subsequent airplanes of this type, released already in 1918, the
tasl gunner's compartment was enlarged and lengthened.

On one o1 the airplanes of this series, beariny according to succes-
sion, the name "Kiev ship" (the third), four "3erdmore' 160 hp engines were
:’ms'wllecl.1 In flight characteristics this airplane was the best of all
"Muromets". In the beginning of 1917, with Captain I.S. Bashko at the
controls, an altitude of 5200 m was reached with a total lcad of 1340 k(z.

Its speed reached 137 km/> and its full load was 115 poods (1900 kg). It

1 1sGVIA, £.2008, d 512, 1.319
2

M.N. Nikol'skiy, Questions of Bomter Aviation Tactice; Aviation Press,
1925, pege 70
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was noted that the altitude of 5200 m was not the limit and the climb was

stopped due to oxygen starvation of the crew.
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The series D-2 airplanes worked through the entire civil war and

after its end they were used on the first Moscow-Kharkov airline in the

RSFSR [Russian Soviet Federate of Socialist Republics].
The airships with four "RBZ-6" engines were called the abbreviation
"Russobalt" and those with two *"Reno” and two '"RBZ-6" were called the

"Renobalt" regardless of their series. The dimensions and design of air-

A A e

planes of the series usually remained without changes, since during the

s M i
AT

il

civil war, the RBZ-6 was installed sometimes simply because of the absence

Dl o b il I
U

of '"Reno' engines.

o

The "Il'ya Muromets" series D-3 ('"Renobalt strengthened wide-wing")

(fig. 126)1. Airplanes of this series, built in 1916-1918, where a fur-

ther modification in the series D-2 airplanes with an increased combat
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Fig. 126: "Il'ya Muromets" Series D-3 Airplane in Flight
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1 ToGVIA £.493, op.4, d.414, 11.304-305; d.424, 1.29; op.11, 1.10,11.153-154

£.2008, op. 1, d.512, 11. 14-15; d. 735, 1. 73 2
TsDAKA [Central State Archives of the Red Army), £.29, op.10, d.654, E
11.129-140 z
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Pivots were made for installing machine guns in the door holes, 2
hatch was wade in the cadbin floor for firing downward bemeath the tail,
and the tail machine gun nest was masde wider and longer, extending be-
yopd the rear edge of the control surfaces. The floor in the fuselage
was built in such a way that a movable cassette for dropping bombs in
the vertical position could be easily replaced with cassettes (benches)
for dropping bombs in the horizontal position. The cabin was lengthened
to the rear.

Two cylindrical fuel tanks were instalied beneath the upper wing
close to the center section, and the 0il tanks were located next to the
engines. In the first copies of the series D-3 airplanes, fuel tanks
were located beneath the center section. Two rudders were installed at
the ends of the horizontal stabilizer, and their area amounted to 26 Iz.
Two vertical stabilizers were installed -- an upper and lower one -- along
the axis of the airplane. The construction was welded out of tubing with
a8 linen covering.

The cable ccntrol from the control frame ran outside in the front half
of the fuselage, the frame from the internal wires in the previous series.
The pedals were fitted with quadrants, which relieved the cable from ex-
treme tension during high angles of rudder deflection.

The nose part of the fuselage was fully glassed. By comparison with
the series D-2, the undercarriage and wing cell struts on the new series
were strergthened. A third wire was introduced into the braces in the
wing cell. Ae a vesult of all the strengthening, the weight of the air-

plane's airframe increased up to 2300 kg. Its rate of climb and ceiling
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were lowered and its speed was changed little. Its armament consisted
of six machine guns and 190 kg bombs. In all, eight copies were built

(like the D-2), not quite identical, since these airplanes were produced

o D R o B R DR

over a period of two years. The last 2-3 copies came out in 1918, being
assembled out of old components.

The "I1'ya/ Suromets' series D-4 ('"Renobalt strengthened wide-wing')l. 2
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The construction of this airplane (1917-1918) was the result of a great

& i Lo
A s

deal of work on checking the strength of the '"Muromets", which conducted ;

in the Uvofiot. The series D-4 airplane was the direct development of the

D-3 without any essential differences, but the margin on safety was brought

0t U DL

; . up to 3.5 times, and in places up to 4.5 times; the weight of the ship

increased a little by comparison with the later copies of the D-3. The

improved D-4 airplane was tested in June and July of 1917 and was recog-

ok 0 a0

nized as being fully suitable for series production.2 Several copies were

produced.

The "I1'ya Muromets" series E (DIH)S. The series E airplanes (three

LU

copies) were built in 1915-1916 during the interim between construction of
the types D-1 and D-2 airplanes. Factory testing of the first airplane of
this series was begun in January 1916. A feature of the two airplanes was
their less than usual span and installation of four "Sunbeam" 150 hp en-

gines in two tandems (fig. 127). The second airplane in order had a normal :

! TsGVIA, £.493, op.4, d.441 (57), 11.146,150,155,172,201,205,217; op 10,

d.46, 1.290, d.117, 1.4; op. 11, d.10, 11. 186,202,235, £.2008, op.l,
d.512, 1.43; d4.633, 1.33
Ibid, £,2008, d4.633, 1.33

ibid, £.4%83, op.il, 4.10, 1.144; .8
overall view); £.2008, op.1l, d.512,
TsGAKA £.29, op.10, d.654, 11,133-13
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configuration -- with the engines in a row,

Reproduced % oy,
Fig. 127: "Il'ya Muromets" Series E (DIM) Airplane  |best availd

In all three airplanes, an important design imncvation was made for
the first time in the world -- operational separation of fuselage. The
front part of the fuselage made up a single unit with the "engine cage" ,
i.e. the central part of the wing cell, including the power installatioms.
The fuselage separation point was made behind the rear wing spars. The
nose part of the fuselage was up to 2.5 m in height and was all glassed.

In front and above were hatches for machine guns, and there was also a
firing point behind the cabin. There was no more tail installation. The
pilot's seat was located on the left. On his right was the seat of the
artilleryman, under whose right hand was the lever for dropping bombs with
a cable drive from him to the cassettes. There was also on the side a fold-
ing step -- a bench for the gumner.

The undercarriage was changed by comparison with the undercarriage of
the series B,C and D. There were no guys and braces beneath the fuselage.
The basic M-shaped struts were fastened to joining pipes beneath the struts
at the engine installations. The undercarriage skids were normal, and ad-
ditiona braces ran from their joining parts to the joining parts for fasten-

ing the lower wings onto the fuselage.
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Flat-bottomed fuel tanks, consisting of three sections, lay on the
fuselage and duec to their shape were streamlined by its nose part. There
were three rudders. Control of the elevators was accomplished through
lateral levers and instead of a control frame a control column was installed.
The cable drive from the pedals to the rudders ran along the ceiling of the
cabin and fuselage., The levers on the ailerons were fitted with quadrants.

The second seriss E airplane differed from the first Ly a lengthening
of the fuselage by one cell and an increase ia1 wing span by one cell on each
side. There were two rudders and a tail gunner's position.

The series E airplanes with tandem power installations do not have suc-
cess and were not accepted. The losses in thrust, especially on the rear
propellers, were extremely high. The slight lengthening of the wings was
also harmful. The quality of the airplane proved to be poor: its take-off
run was greatly increased, the ceiling was no higher than 200 m with a light
load (a crew of three persons), and combat load was absent. The total of
two flights were completed. The airplane with engines installed in a row in
the lower wing behaved normally, like the series C machines with the same
engines. The E series was stopped after ten copies,

The "I1'ya Muromets" series F 1. From a design standpoint this type
of airplane was similar to the type E machines, but its layout was normal,

with the engines in a row, and the dimensions were significantly larger than

in all the other types of '"Muromets'. Four "Reno" engines ot 220 hp each

1 TsGVIA, £.493, op.4, d4.160, 11.163-169; d.424, 1.29; £.2008, op.1,
d.512, 11.14-15, 325 (test report); op.2, d. 626, 1. 3
TsGAKA, £.29, op.10, d4.654, 11. 145-146
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g % were installed normally in a row, and the nose part of the cabin was fully
% % glassed. No less than eight copies of the series F airplanes were built
§ % in two modifications: the F-1 and F-2, which differed from each other sig-
f 1 nificantly. With this the designation F-1 arose only when the type F-2 é
é ; appeared, and before that there was a single designation F. g ;
§ The first series F airplane passed testing in Pskov, was recognized %
% é as fully suitable for combat flights, although it was demanding during §
% % landings, and was accepted (fig. 128). - . %
: Fig. 128: "Il'ya Muromets" Series F Airplane (Ist copy) [famedocsd from 3
] ) best available copy. 3
] ’ Of the design features in the series F airplanes, it should be noted g
that the aileron control was changed for the purpose of decreasing effort ;
on the control column and the levers on the ailerons were significantly )
lengthened and made out of welded tubing. The remaining controls and in-
stallation of the tanks was like in the series E. The undercarriage was %
the same as in the series E, but with wire tensioners beneath the fuselage. 3

The wheels are of the heavy type with dimensions of 670x100 mm, were double
rimmed, for a total of eight wheels in four pairs. In the first copy of
the airplane, there was no more tail gunner's compartment, but a platform

which lowered down (on cables) was installed in the floor behind the wing

etk R b o Sk S 6

2
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cell for firing to the rear (“crow's nest"), and the machine gun was also
lowered on a special installation together with the platform on which the
gunner lay. The bomb cassettes were vertical. In machines of subsequent
manufacture, the bomb cassettes -- only for dropping bombs -- were horjzontal.

The first series F airplane differed from subsequent ones in its dimen-
sions and weight. The airframe weight of the S-1 was 2825 kg, the weight of
the four '"Reno" engines was 1662 kg, the weight of the radiator was 138 kg,
and empty weight was 4960 kg. The armament was increased up to 8 machine
guns; two '"Vickers" with 1200-1500 cartridges, three "Lewis" with 940-1700
cartridges and three '"Madsen' with 750-1000 cartridges. On the first air-
plane there were only five machine guns, which weighed together with their
cartridge reserve 320 kg. The crew was 7-8 persoms.

Of the series F machines, two airplanes (those of Nizhevskiy and Alekh-
novich)1 were accepted and completed military flights beginning in spring of
1917, not counting the first one, which was accepted in 1916. There are only
some recollections relative to series F-2 airplanes in the archive naterialz.
This is explained by the fact that airplanes of this series were built in
1917 and did not get to the front. There were two or three copies of them
and at least one of them passed factory testing, The fuel tanks in them
were installed on the wing center section, there was a tail gunner's instal-
lation and two rudders without a middle vertical stabilizer, which was in the

series F-1. In the side walls of the rear gunner's cabin were windows for
T

2

TsGVIA, £.2008, op.l, d. 512, 11.100-103
Ibid, f.493’ w.‘. d.l60. 11.168‘169; Op. lo. doll?. 1'4
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T observation. Armament consisted of seven machine guns with 4000 cartridges. i &
; % The series F-2 "Muromets" were the largest among airships from those §
: % times. There were no airplanes which were equal to them in load capacity. % %
E Besides this, they possessed fiighly improved gunner's protection. § H
% ¥t is very difficult to compile a full listing of the "Muromets" air- E é
: : planes, since a lzrge part of the archives of the document were not preserved. s
% é There are no full drawings, and only single sheets and diagrams. There are %
2 : data indicating that up to 80 examples of these airplanes were built. z
% § Strength of the "Il'ya Muromets" airplanes and their overall design and g
% : aerodynamic evaluation. Questions of the overall strength of the "Il'ya %
E: g Muromets" airplane during the first time arouse little interest in aviators.
- ’ Attention was concentrated basically on local strength, for instance, on the :

TR T L 4

strength of the undercarriage during landing. True, sometimes fliers expressed

doubt as to the strength of the 'Muromets", but they could not found this

T T

doubt and continued to fly.

T AT T

The first warning occurred unexpectedly. On 16/Mhky 1916 in Dskov, a

"I1'ya/Muromets" airplane, accomplishing a flight in a circle above the air-

3 plane, during an approach to a landing suddenly went into a descent and with :

the engines running plowed into the ground. From the ground was observed

o TR TR e

that while still in the air, the fuselage of the airplane broke off near the

tail empennagel. Three perscns among the crew were killed and the fourth was 1

i UL

saved, having been in the rear part of the cabin. According to his wordsz,

1 According to the data of A. N. Ozeretskiy -- witness to the accident and
M.N. Nikol'skiy

2

T R T T e R
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é? the catastrophe occurred as if due to sudden insanity of the pilot, who

g suddenly thrust the control column away from him and opened and the throt-

g tle all the way 200 meters off the ground. The two others did not succeed f

% in righting the airplane, %

% This case could not be the basis for judging the strength of the air- %

% plane, since the fuselage may have been broken at the high speed during the é
) descent and the extreme overload on the empennage, however, this fact left %
% % a deep impression on all and they began to talk about it. They recalled %
? i that the fuselage of the "Muromets' did not possess any special rigidity %
é and that in flight, significant twisting was observed, sometimes reaching an ?
é § angle of 5-7 degrees and was very noticeable along the empennage. They also é
% ; recalled that there were cases in which the fuselage longerons delaminated j f
% % at . the butt joints, where the wood was connected with a miter joinsl. 3

Doubts arose relative to the preservation of the wood and linen. The

il

series D, E and [ airplanes were tested at that time, since they were usually

s

; stored under the open sky and frequently got wet.
Nevertheless, throughout the course of 1916, the "Muromets" continued

to accomplish multitudinous combat flights.

TR TRTFTR #70 ST SR

As the overall state of art of airplane building developed, deeper stu-
dies began on aerodynamics and especially on questions of airplane strength.
The calculation and testing bureau under the direction of N. Ye. Zhukovskiy

conducted checking calculations for strength of combat airplanes which were

built in Russian plants according to foreign and domestic models.

S 1

TsGVIA, £.2008, d.512, 1.29

g L v i ¥
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This also touch the "Muromets'. Tie Uvoflot raised the question on

checking their strength and the Technical Committee of the Uvoflot was
charged with doing this, In the beginning of 1917, a commission was made
to check the strength and aerodynamic evaluation of the series D "Muromets".
The best forces at that time were attracted to the commission -- Professor

S.P. Timoshenko, A.P. Fan-der-Flit (chairman) and G. A. Botezat.

The commission began its work with a familiarization with drawings and
calculation data requested by it at the factory. It became clear that aero- g
dynamic calculations and full calculations of strength of the airplane were

just not done by the factory.1 Much was done on testing plans and structure

b BV R R T RS LR L
' w Ll et LAl "y b ~ !
i

of previous airplanes. The commission reported to the technical committee

Ly LA e SO, Wida gty

"
T

on the results of its work on 16,20 and 23 May 1917.2 The conclusion made
by the commission vciced the fact that the "margin of safety of the 'Muro-

mets' was two times less than in the weakest small machines".

2l b W

I TR 13 T S TR g ™ (1

According to the calculations of the commission, some parts and compo-

A

nents of the series D '"Muromets" have a safety margin of 2.4-2.8. And al-

though much in these calcvlations was arguable and unclear, the commission

drew the conclusion that sharp evolutions on the airplane were inadmissible

and that in general, flights in them were dangerous. A number of recommenda-

tions were made concerning reinforcement »f the struts and guys of the wing

it Dl LA L bt 2, e T Bl i

cell (the wing spars and fuselage longerons did not raise any doubs). After

this the margin of safety of all series D, E &and F airplanes built was raised

1 1sGVIAf. of the Uvoflot, op. 4, d.424, 11. 76-77

2 1bid, £.2008, op. 1, d.512, 11.35-38
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to 3.5 - 4.0, and in certain components up to 4.5 .

Many years have passed since that time and now the uestion as to
whether or not the "Muromets" were strong can be answered in the affirma-
tive. Much speaks for this. ‘'Muromets" performed their tasks in combat
flights successfully, performing during these evolutions -- turns and
rolls -- normally, and the airplanes did not break apart in the air. They
were not made overweight and their load ratio amounted to 30-34%. Some
lack of rigidity under flexion and torsion was natural for airplanes of
such large dimensions and with its elimination the load ratio would have
been reduced.

It can be asserted that the "Muromets'' as engineering constructions
were highly perfected, in a sense of rational utilization of material and
economy of weight. The presence of large angles of torsion only supports
this. For 1913-1915, when the science of airplane construction strength
was only being developed, "Muromets", at least up to the series C, were
indeed marvels of aviation engineering, speaking of the talent of their
designer. In order to judge the level of science of the strength of avia-
tion designs of those years, suffice it to say that even such authorities
in the area of construction mechanics as Professors Stepan Prokof'yevich
Timonshenko in airplane calculations admitted ihe even distribution of
weight along the area of wings and drew on this basis the conclusion of
lack of strength in the YMaromets". They still did not have a clear con-
cept about air dynamic loading of the wings of an airplane and about its
distribution along the chord and along the span in different cases of load-

ing. The cases . A, B, C and others were not yet formulated, strength
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norms had not been compiled into laws and they still were only being
groped for and established during checking of airplanes already bduilt.
Here, practice went before theory.

The requirement of the Technical Committee on bringing the strength
of the "Muromets" somehow up to the level of the weakest of the small
machines was not sufficiently founded. Already during the war the co-
efficients of failure~producing overload had been noted: for fighters
it was 12, for reconnzissance planes and trainers it was 8 and for the
largest airplanes it was 3-4,

Selection of the layout for the '"Muromets' was also done properly.
Installation of the engines along the wing in a row, long wing length
and an enclosed overall streamlined cabin in the fuselage were success-
ful solutions. The layout of the airplane with a long tail, load-bearing
horizontal stabilizer and multi-strut wing cell was up to that time un-
avoidable and fully justified. Making the center of gravity of such a
large airplane at one third the chord of the wing with relatively low-
power and light engine would hardly have been possible.

Up to 1915 the layout of the '"Muromets’* was the leading one, and the
move away from it began in 1916. Only in 1917, when it had ceased to sat-
isfy the increasing requirements of aérodynamics, did it become an insur-
mountable obstacle in the path of increasing the flight quality of these
airplanes and it was finally dated. Increasing power caused an increase
in fuel reserve, and an increase in dimensions and weight of the airplane.
The speed was almost not increased, and the bomp load was constantly de-

creased, coming down to the laughable figure of 150-200 kg of bombs with
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seven ton gross weight of the airplane. The value of "Muromets" of series
D and F as bombers was reduced almost to zero on a four hour flight. An
increase in the weight of the bombs by means of shortening flight duration
limited the radius of operation and deprived the airplane of the possibility
of operating somewhat deep in the enemy's rear.

Series D and F "Muromets' were used in the civil war and for some time
after its termination. Improvement made on the airplane were not essential
and had a one-sided character: improvements in one direction brought with
them difficulties in other directions and in the final analysis helped little.

The qualities of the series D and F '"Muromets'" in I ’7 can be judged by
means of comparing them with the closest foreign airplanes of that year.

The- Gefmans in 1917 still do not have any large airplanes which were
equal in quality to the "Muromets", although there were larger onesl. The
French and Americans were simply building them at that time. The English,
however, in the summer of 1917, had in their armament the series-produced
"Handley-Page' bomber with two 'Rolls-Royce' engines of 275 hp each. In
dimensions and weight it coincided almost precisely with the series D '"Muro-
mets" (the thought even arises of the English borrowing the basic parameters
of the airplane): the span of the upper wing was 30.5 m, wing area was 152.6
mz, empty weight was 3850 kg and flying weight was 6370 kg. However, with
less power it gave the same speed of 128 km/h, while its flight duration

amounted to 8 hours and range up to 1000 km with a bomb load of 800 kg. All

this was due to the better layout.

1 E. Offermann, Risenflugzeuge, Berlin, 1923
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Armament of the "Iltyas Sluromets" airplanes. The first practical
step in equipping "Muromets" with firing armament was the élimination
of the firing-machine gun platform with the 37 mm Hotchkiss gun onm it,
which did not justify itself. In the beginning of 1915, inctead of it
a gunner's position was installed in the wing center section (in series
B airplanes) (fig. 129), providing fire coverage of ths entire upper hemi-
sphere. The gunner was located between the center section spars, the ribs
and coveriny were :emoved and he could sit on the fuel tank and fire from
two machine guns. Sometimes two gunners were located on the airplane. The
vertical intervals from the center section to the fuselage were covered with
linen, and thereby the harm from a possitle increase in induced drag was al-
most eliminated. There was a hatch in the ceiling of the fuselage for exit
upwarJd. Unrits with bushing-sockets or the machine gun spindle pin were in-
stalled on the center section spars. Later, brackets with a socket for the
pin of the "Maxim" gun, and sometimes movable one . were installed in doors
and in windows for firing from the side. Sometimes a hatch vwas made in the
ceiling of the fuselage behind the wing center section, and in it lateral
rails or a sector were installed, along which rode a carriage with a sock-
et for the pin of a machine gun, which had belt feeding in this case. The
machine gun was a "lightered Maxim".

In some cases, for protecting the airplane from below and from behind,
it was equipped with a "crow's nest" which was a platfora which lowered from
the fuselage on cable using a winch, which had a length of about 2 m on which
the gunner lay, having the machine gun in SFront of him and beneath the tail
of the airpiane, and also lowered on a special bracket. The front edge of

the platforn was fastened on hinges to the cabin floor. More frequently a
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similar installation was made simplified. A gunner lay on the cabin

floor ond before him lowered only a hatch on machine gun which opened

.m.m‘nnv\faxummnmwdnwulnmxgmuw@J,’pj,‘]liﬂﬂi}ﬂﬁ%i%fgwWW

backward.

st

The gunner's position in the tail of the fuselage appeared in the

WA R g

"Muromets" of series D, E and F only in 1916, thereby providing fire
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coverage backward. Together with it, a2 nose installation was also

2 b YD AL

fitted (in front of the pilot, just to the right), having the appearance

of a vertical slat into which was fastened a machine gun on a hinge with
firing angles of 25° to the sides and 60° upward and downward. Firally,
series F ships were equipped with a hatch and machine gun in the ceiliig

of the front part of the cabin in front of the wing center section. The

number of gunner's positions reached eight. Thus, with successive mea-
sures, full spherical, or so-called "ball" fire coverage was achieved,

and was accomplished for the first time in the world on a Muromets".

YOO AT e o 10 1 T o T F TR T T TR TWTHT P
I

But this was done only by 1917, while in 1915-1916 only the installation

in the center section and firing through the windows was used. However,

with a crew of four persons this was sufficient. On a series F airplane,

MY T T

m

the crew consisted of 7-8 persons.

A "railway" consizting of two angle sections along which a cart

rolled on rollers, ran to the gunner's nest in the tail part of the fuse-

lage. The gunner lay on the cart and moved, pulling himself with his

hand. by the bracing crosspieces. Staying in the rear cabin all the time

g R

was almost impossible: during flight it was very bumpy, and during land-
ing the ierks were too strong. Therefore, the gunner moved to the tail

only upor the danger signal.
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Simultaneously with the beginning of work on arming the "Muromets"
(1914) attempts were undertaken to dress the gunner on the platform in
armor, for which special laths (armor) out of 2 mm tempered steel were

wanufactured at the Putilovskiy plant. There were attempts to armor

A A TR ATV ST

the fuel tanks and pilot's seat, but they were rapidly stopped, since

the weight balance of the airplane did not allow this, and the laths,

" R 2" T TR T TP O YT TN (R ST TR e T i "
LM L i by

: like the platform, proved to be unnecessary. 3
?:; : s [} %
: ' - :
5y

| W
2 . - . . ) r&

Fig. 129: Gunner's Installation in the Center Section of
the Series C "Muromets" On the Front Spar a 3 1
1 "Lewis" Machine Gun, and on the Rear One a 'Madsen"

Machine Gun
Curious experiments with a recoiless cannon of the system of Lieu- 3

tenant Colonel G1l'vig and Captain Oranovskiy were conducted in 1915, for

the first time in the worli. The cannon consisted of a combination of two

internal barrels of a three-inch field gun, connected at their ends (in

SPRCLIL .20 . L s 0

o,

tandem), with an nverall length of about 4 meters. One barrel was s nor-
mal rifled one for the projectile, and the other with a smooth one for the

wadding; there w5 no lock and the barrel was open at both ends. Firing

ittt o R B 28 oo

occurred without any recoil. The cannon was installed on the rear spar
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of the wing canter section. Several shcts were fired on the ground and
two shots were fired in the air. However, the clumsiness of the cannon
prevented its practical utilization.

The bombing armament of the "Muromets' also had to be created with-
out any previous experience. The large dimensions of the cabin allowed
the bombs to be located in the fuselage and for their internal suspension
to be made. The installation for vertical suspension of bombs in the
series B "Muromets" was alreauy done for the first time in the world in
1914, and in the beginning of 1915 it was done on series C airplanes.

The first series C "Muromets" with "Argus" engines could carry up to 30-
poods (410 kg) of various bombs, each weighing from ten pounds up to two
poods (33 kg), usually with 25 pounds (10 kg) and one pood (16.4 kg) on
internal suspension. The five, ten and fifteen pood bombs were suspended
outside, as was the 25-pood bomb (see fig. 124) which was made here in
1915, also the first in the world, since nowhere abroad were there yet
airplanes capable of carrying such a bomb.

With the internal suspensions, the bombs were originally suspended
verticaily along the sides immediately behind the pilot's seat. Between
the rows of bombs remained a relatively wide passage, sometimes occupied
with small bombs, lying directly on the floor and tied down to it. Sus-
pension was effected by the hook on the tail of the bomb on special brack-
ets. Later they began to make vertical shelf-cassettes with horizontal
suspension of bombs, for which the possibility was provided for dropping
bombs singly or in a cluster.

Dropping of bombs was originally done by turning a handle, and smaller

~70-
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ones simply from the hand. In 1916, an electric releasc (ESBR) was prac-

tically used for the first time in the world on these airplanes. All work

e L s B
1.
i

on gunnery and bombing armament was basically done in escadrille workshops.

W

The leading one was the collective of the number 5 ship of G. V. Alekh-

L oane

novich. The installation described above were first developed and ef- {

fected on this ship, und then were given in various combinations to other

44 T PR G AT P g T

ships.

At

L

The bodies of the bombs for "Muromets" were manufactured primarily
in workshops of the Mscow Technical Training School.

In 1914-1915, in conditions of the absence of antiaircraft artillery

and fighters on the part of the enemy, the crews of the * Muromets" used

o " o Y
S Y L 0 At N . Bt A T A A A L) s i Tl vttt A

the simplest fighting devices very well, making a number of hits on the

Aty

target, with which the bombing was frequently exceptionslly successful

O TR I R Tl

and it was done only in the plane of the wind. Cases were noted of strike

LT . AT L0 b

on targets which were small in dimensions: roads, rolling stock, convoys,

buildings, trenches and others. :

With the appearance of a significant quantity of antiaircraft artillery %
: and fighters on the part of the Germans, the possibility for the "Muromets" ;
% was to make several attacks on the target and then determine the sighting %

adjustment was gradually made more difficult. The necessity arose for emerg-

ing on the target and bombing from any direction, and not only along the

wind. The works of A. N. Zhuravchenkol in cooperation with other artillery

experts and with ship Commander G.V. Alekhnovich gave a new direction to the

1

] Aleksandr Nikolayevich Zhuravchenko in 1914-1916 -- an artillery officer f
. from 1917-- a2 pilot in the "Il'ya Muromets" airship escadrille. Later a
3 professor, devoted activist in science and engineering. Died in 1964. E

-71-

P A




TN 1 Ty PP T T T, ORGRY R T R TR T TR b YT TR R e

137 o W RTTATRR PR TR T YT T R

z
=
E
E
=
3
E
£
3
£
£

e 4 RO LS P TR P S

matter of accurate bombing and raised it to a level which was high for

those times.

All subsequent theories of precision bombing and all instruments
for this purpose, regardless of their design and complexity, to one de-
gree or another are based on the principles developed by A. N. Zhurav-
chenko. Our priority in this matter is commonly recognized.

The attempt to use the "Il'ya Muromets" airplane as a torpedo car-
rier should be recalled. In the spring of 1917, the navy department
turned to the Uvoflot with a petition to transfer to it a detachment
of "Muromets", which it proposed to arm with torpedo apparatuses and
use for torpedo attacks. In the end of July 1917 a torpedo apparatus
was installed on one of the airplanes. It was noted that the center of
gravity of the torpedoes shifted to 1.5 m aft of the center of gravity
of the airplanel. However, factory testing dragged on and acceptance of
this airplane did not take place.

In the history of Russian airplane building, the "Muromets" are one
of the brightest pages and an object of our legitimate priue. They were

original and their creation is a priority of our country in the area of

construction of large airplanes, their armament, equipment and combat use.

1

Tsw. f.zs. @a 1. d.lg, 11.12‘-125
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e--Ning span v--Duration of flight, h i
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Table 10 (continued)

KEY:

1--"Grand" ("'Great Baltic'")
2--sane

3--"Russian Chamption"

4--"11'ya Muromets" (No. 107}
5--IM with middle wing (No.107)
6--IMC plane (No.107)

7--"I1'ya Muromets Kiev'' (No.128)
8--IM-B (No.185)

9--IM-B (No.136-139)
10-IM~C("Kiev Ship" No. 143)
11-IM-C (No.151)

12-IM-C (No.150,157)

13-IM-C (No.159, 161)

14-IM-C Combat, narrow-wing
15~-IM-C trainer

16-IM-C (No.167, C-21)

17-IM-C wide-wing (No.179,,C-33)
18-IMD-1 (No. 183)

19-IMD-1 (No. 187)

20-IMD-1 (No. 190, D-44)

21-IMD-1 M
22-IMD-2 "Russobalt"
23-IMD-2

24-1IMD-2 “Kiev Ship" (3)
25-IMD-2

26-IMD-3 "'Renobalt"
27-IMD-3

28-IMD-3 "Renobalt strengthend"
29-IMD-2 strengthened
30-IMD-4 strengthened
31-IME-1 (EIM)
32-IME-2

33-IMF experimental
34-IMF-1

35-1IMF-2

36-1IMF

37" Argus"
38-"Salm'son"
39-"Sunbeanm"
40-"RBZ-6"

41-"Reno"
42-""Berdmore"
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The Works of V. A. Slesarev1
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E Engineer Vasily Adranovich Slesarev is known as a designer of air- i?
E planes and has an experimenter in the area of aerodynamics. He received 2; %
E his higher education in Russia, completing it Germany, where he finished %J é
with the polytechnical institute. Returning to his homeland, V. A. Sles-
% arev attended the Mscow Technical Training School, in order to receive %% %
E H a Russian engineer-mechanic diploma. There he worked in the aerodynamic §§ i
% § laboratory of N. Ye. Zhukovskiy. %é %
E % V. A. Slesarev began his work in aerodynamics with a study of the %%
% ; flight of insects: flies, mosquitoes and wasps. For this he designed and % §
% built a miniature rotating machine out of straw and wi.e. The insect was éé %
; fastened on a definite arm and flew along a circle. The installation was ?ﬁ %
% ? surrounded by a paper cylinder, whose internal surface smoked. The ends §§ %
of the insect's wing vith this traced a curve line of a sinusoidal type : %
? on the paper. Exceptional precision was necessary in performing the ex- é
§ periments, in order to obtain good results with such small objects. The %
number of wing oscillations, flight speed and the power of the insects ?
é were determined. Slesarev invented special cinematographic installations

for taking the pictures of the insect's flight.

; At the Moscow Technical Training School he built a large rotating

SR,

machine for aerodynamic investigations. Upon finishing the training school,

% _ V.A. Slesarev was invited by Professor K. P. Boklevskiy to the Petersbure

S RS A

: 1 wautomobile Life and Aviation', 1914, released 3, page 25, "Aero-and
3 : Automobile Life", 1914, No. 6, page 22, No. 7, page 21
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Polytechnical Institute for organization of an aerodynamic laboratory
there. Then he headed up a new laboratory and conducted there a number
of original invesiigations, a result of which was the product for the
large "Svyatogor" airplane.

Up to 1913, the first design works of V. A, Slesarev on airplanes

included the following.

The Slesarev 'Neuport" of 19141

was an improved modification of
the "Neuports-IB'' with a "Gnome'" 70 hp engine. The wing span was some-
what decreased and a different propeller was installed. The speed was
increased up to 110 km/h. The airplane was not accepted.

The Slesarev "Farman'of 1914 was the modification of the "Farman-
XVI", in which the condola was raised upward, almost to the upper wing.
They did not succeed in testing the airplane, since during take-off it
nosed over and broke apart.

It is known that still in 1913, V. A. Slesarev designed and began
construction of an airplane with transmission of power from the engine
to two propellers.

The "Moris Farman" trainer on floats was put out by the Lebedev 239/
plant in several copies for the school of naval aviation in 1916.2
The two-tail "Khioni" (Andava type VKh). The airplane was installed

on floats by V. N. khioni in the summer of 1917. The floats were of

the "Albatross" type. During one of the testing flight in Odessa on

1 "Automobile Life and Aviation'", 1914, release 3, page 25, "Aero-and

Automobile Life", 1914, No. 6, page 22; No. 7, page 21

2 TsGVIA, £.208, op.1, d.724, 1.13a.
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11 August khioni broke the airplane apart during an unsuccessful landing
on the mirror surface of the quiet seal.
ting in the upper gondola fell out of it and drowned.

The S-XV1 seaplane of I. I. Sikorskiy. In 1916 one copy of this
airplane was sent on floats of the same type as the S-5a airplane. The

seaplane was tested, but did not justify itself.
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During this, the passenger sit-
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Fig. 146: "Sea-Swan' Airplane (IM-1)

Reproduced from
best available copy.

The S-XX float seaplane of I. I. Sikorskiy. In 1917 one copy of
it was set on floats of the same type. The work was not completed and
the seaplane was not tested.

The Kostovich amphibian monoplane of 19162. This was a two-place
flying boat, a braced parasol with floats beneath the winés. The body
of the boat was flat-bottomed with a step and transom and was wide. The
cabin was open, in front of the. wing. The wing was of constant profile,
double-sparred with a linen covering. Its span. was about 11 m. The

engine had a power of 100 hp (and was apparently an in-line type), The

tail empennage was carried out over the transom of the boat. On its sides

1

TsGVIA £.493, op.10, d.117, 1.421; £.208, op. 1, d.512, 1.179

According to data of P. I. Savinov -- a witness to construction of the
airplane, having contributed his earnings
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were a wheeled undercarriage. The airplane was not finished due to the
death of 0. F. Kostovich, who passci away on 31 December 1916.

The AIS (aviation testing stat’ : of the naval department) aixp!anel.
The AIS was organized at the end >f 1916 and the beginning of 1917 by the
naval ministry for testing seaplanes built by factories and for conducting
scientific experiments in the area of naval aviation, aud for the intelli-
gent acceptance of materiel and development of technical conditions for its
procurement.

At the AIS adasign bureau located at the polytechnical institute, and
a test seaplanc base at Krestovskoye Island in Petrograd were organized at
the end of 1916. The design bureau of AIS was organized for planning ex-
perimental naval airplanes on a level with thc factories.

At the head of AIS were marine e¢igineers P. A. Shishkwv (chief) and

Sushenkov (heading up the calculation and design part).

. TsGYMA, f£.61, d.41, 11. 61,64,6y, 69, d.43; 11.59,69
TsGAKA, £.28, op.1, d.19, 1.140
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CHAPTER 1V :
THE STATE OF AVIATION ENGINEERING AND INDUSTRY 244/

IN RUSSIA UP TO OCTOBER 1917

Development of Design Elements in Airplanes of Russian Build

e it el

The development of airplane design is examined here begi 1ing with

B

1909-1917, i.e. on the first years of the establishment of Russian avia-

WU Ay

tion. The airplanes which were crezted earlier are not discussed, since
they, wita the exception of the airplane of A. F. Mozhayskiy, were suf-
ficiently fully examined in Chapter I, and were not finalized designs.

In accordance with the level of development and science and cngineer-

L R PR SR A

ing in the period being examined almost all designs of Russian airplanes

P T e

could be included in the number of braced wooden and mixed ones. The wings

1 p

and fuselages of airplanes created by Russian designers were basically these. i

LR UU L K

The exception was only the wing of the "Steglau No. 2" airplane, where a
working plywood skin was used. Among fuselages the exception consisted of
designs of the monocoque type of which ten can be counted, namely: the
"Dolphin"”, S-9, "Anaxzon", "Anadis", Torpedo", '"Swan-Monocoque', Grand Swin",
"AIS”, "Kasyanenko No. 5" and the Modrakh". There were also exceptionc in
the form of frame constructions out of steel tubing with soldering or weld-
ing, which were used in the airplanes of the designs of Dokuchayev , Reb-
ikov, Orlov, and Subbotin. Besides this, their fuselages with a working
plywood skin along the entire length: the "Stegan No. 2" and "Swon" air-

planes, or only in the nosc part with a linen taii covering.

The longerons of a braced fuselage were usually made of pine, bosides

which ware made out of ach, ioined together «ith

¢ Avsvvrad eartine
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miter joinis and with the joints wrapped with tape using glue. All braces
were also made out of pine, with the exception of those beneath the en-
gines, which were ash. The multitudinous joining parts were made approx-
imately according to a common type (fig. 148,f) which had been arrived at
already in 1912 and with slight improvements existing even now. Before
this improvised primitive parts had been used.

The simplest type of these units were wooden or plywood linen-glued
plates, which were used in the Kiev designs ("Sikorskiy cups"), (fig. 148,a).
The end of the brace was inserted in the squarc hole, and the plate itself
was set on the longeron with glue and on bolts, by which the bracing eyes
were fastened. The “Farman" cups (see rig. 148,c) served the same purpose.
In 1910-1911, units made out of a single plate, bending around the round
section of the fuselage longerons (see fig. 148,b) were also used in the
Xiev design. Simple inserts were also used (see fig. 148, d). Units which
were similar t. those described were also used in the wooden frames of air-
planes without fuselages. Sometimes wiring bracing was fastened directly
beneath the heads of bolts. In the fuselages of the "™uromets" the draces
were doubled, there were two holes in the unit eyes, and welding was usually
used (see fig. 148, g).

The braces were made out of single strand wire and in certain cases
they were cable. In each brace was a tender with a brass sleeve. Since the
tenders were relatively expensive, during the first years, various homemade
devices were frequently used for stretching bracing wires, for instance,
spoke stretchers (see fig. 148, e) and brackets for them were a prototype

for Sutuve thvaadaed hrace wirec. The same formed braces of lenticular
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section were not mastered in Russia and came to us in 1917 in the English

"Sopwith Scout" airplanes. In Russia already in 1911 the Kiev designers
installed two (and sometinmes three) wire braces onebehind the other to
decrease frontal drag. From 1812 they made fairings for pairs of such
wires {or cables) in the form of wooden slats, inserted between them,
with a common covering of linen. This construction was then widely used
in the RBVZ airplanes and others. It did not, however, go into series

practice in other enterprises.

Fig. 148: Units of Braced Fuselages in Russian Airplanes:
a--"Sikorskiy cups' b--early type of unit c--"Farman cups"
d--plate joints 3--early form of brace wire f--typical joints
g--joints of the "Muromets"
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Transmittal of control in early Russian airplanes up to 1912-1913,

was usually made with wire, and later with cable. The ends of the cable

SR A g

E
gg
Eé

were finished with braiding into an eye. The art of braiding small dis-

meter cables was mastered very rapidly by us. Other forms of finishing -.;

which had long been in use abroad -- clamps, twisting and soldering -- g %

: 3 i

- were almost never encountered. 3

In the area of winy design the Russian engineers were original. 3

Wings and empennages with a working (in particular, plywood) covering ’ g

E were built for the first time and the wing for the large airplanes of 1 3

i i

1915-1915 were built for the first time in Russia. Typical contours : 3

3 of wings in plan and their profiles are given in figures 149 and 1S0. i 3

E ) a Nosgdcesd b. Mononsanm i
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Fig. 149: Wing Contours of Russian Airplanes

E (Key on page 83)
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Fig. 150: Profiles of Russian Airplane Wings

Key: (Figs. 149 and 150)
a-~Mozhayskiy
b-+Mdnoplanes
c--Xudashev-3
d--Stegan No. 2
e--Anade

f--Dolphin

g--I1'ya Muromets C
h--I1'ya Muromets F-2
i--Svyatogor
j--Farman-1V
k_-"Me"’ "swms"

The wings were almost always double-spar. The design of the spars

changing from a simple pine beam (or even a bamboo stick), and through
milling, I-beam and hollow section moved toward the box section with ply-
wood walls and plates out of pine or a stronger wood (rarely) which was
commonly accepted later (fig. 151,a). The plywood was fastened to the
shelves with glue, screws and nails. They began to meke holes for air
only in 19i6 (on the "Muromets"). Design of ribs wzs generally uniform --

a plywood wall with lightening holes and pine piates with a slet inte which

Wl et besealinkiy Asisubab it A s ARG B e Gl

bt a6 b DA Kb L8 R RS Vbt Fent s )38 20T LA AL bbb L e W AR ) 2 1 9% i v i W

the edges of the plywood went with glue and small nails or screws into the

plywood edge (see fig. 151,b).
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Fig. 151: Elements of Wing Design in Russian Airplanes:
a--section of spars b--typical rib c--section of
strut and braces d--joint with conic bolts
e-- reinforced Gakkel' strut f--streamlining of
paired wires with a lath g--struts of the '"Svyatogor"
airplane
Ailerons were already used in Russian designs since 1910 and moved
fully into practice in 1912, while many French airplanes ('Moraines" and
others) still in 1916 retained warping (gauching [Fr. gauchir-to warp])of
the wings. In a number of cases the Russian designers reworked the wings
of French airplanes, replacing the gauches with ailerons, especially in
the "Neuport-IV'" airplanes.
The designs of wing cell struts and tail frames was established very

early (see fig. 151,c). The first form was wooden beams of rectangular
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section, and almost immediately behind it was beams of round sectiom,
lenticular, streamlined, bamboo stick, and then pipes without stream-
lining and with streamlining (Ya. M. Gakkel', 1909). To avoid bending
of the struts of streamlined sections, they begin to glue them out of
two boards, and in 1912, they began to make them hollow. The connection
of the two halves was done on plywood strips 5 mm wide, inserted with
glue into slots which were milled in the strut halves. The reinforced
gakkel' struts appear. The types of wing cell struts came full circle
with the mammoth struts of the "Svyatogor' airplane of original section,
which were very light and rational. The ends of the strut were finished
in welded cups, while up to 1911 they werc sometimes simply inserted in
sockets in the joints.

Steel tubes for wing cell struts and frame constructions and also
for the wing spars of the ""Farman" and 'Voisin' airplanes were scarce in
Russia and were almost unused in our designs. However, soldering and
welding them in butt joints were accomplished in Russia generally later
than in other countries. Examples where the airplanes of Dokuchayev, Reb-
ikov and Steglau.

Ball bearings as imported product:- were almost not used in Russian
airplanes.

In the area of airplane undercarriage design, Russia was in a visible
place. A. F. Mozhayskiy used wheels in the models and in his airplane,
and in 1910, A.F. Kudashev constructed an original arched undercarriage--
the prototype for standard undercarriages with a through axle, guides for
if and bungee cord shock absorption. in 1913 an undercarriage was built

for giant airplanes. The undercarriage of V. M. Ol'khovskiy essentially
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improved the original models of French undercarriages of those airplanes.

All joints in Russian airplanes are made out of sheet steel, usually
with welding and were fastened to the wooden frame with bolts. Sometimes
conic bolts were used, for example in the "WMiromets" (see fig. 151,d).

Duralumin was absolutely absent in Russian designs. They knew it
from the literature and it was an imported and war trophy airplanes, but
in Russia it (like aluminum) was not produced, and it had no allies. There
were also no forged and stamped parts, and no plastics. Engine cowlings,
small fairings and sections of skin in points which were dangerous from the
point of view of fire were made of sheet aluminum.

Since 1912, “emalite" -- a nitrocellulose lacquer, first appearing in
France, became the commonly used and best covering in Russian airplanes. It
assured remarkable tightness of the linen. However, emalite as airplane
dope, as it came to be called hcre, was too expensive and therefore cheaper
forms of covering continued to be used for many years hence.

Rubber impregnated linen was used in a number of early airplanes and
then the covering was superfluous. For airframes, however, a skin and cover-
ing which was much lighter and cheaper was required. And here the method was
discovered of covering the linen with starch (sizing), i.e. potato flour di-
luted in hot water. This covering provided satisfactory tightness of the
linen and was cheaper. It dissolved and washed off from moisture and rain,
but it could be very rapidly renewed. Therefore, for trainer airplanes of
older types this starch covering continued to exist up to 1916.

In Kiev, they began to use inplace of starch a "hot mixture" -- an
invention of mechanic V. S. Panasyuk: a glue solution out of furniture glue

and drying oil, thinned with denatured aicohoi. The iinen coveriiig was svaked
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with this emulsion and when it hardened and dried out the linen tightened

rather well. Then it was covered with yacht (resin) lacquer. After this

the covering was sometimes treated with pumice and again covered with lac-

T A R 8 .qlmww "M'WMWWM

quer. A very fine and stable covering was obtained. In good weather the
tightness of the linen was ideal, but in moisture, and also during the
r night it sagged. There was another composition, the so-called "Sikorskiy é

z

patent': the hot mixture of drying oil with alcohol and yacht lacquer.
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With it the tightness was good, but the flexibility created disturbed warp-
ing.

Another composition for non-combustal covering of linen can be named

out of the early coverings: resin lacquer (frox moisture), gelatin and salt.
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E’ Another composition was starch with calcium bichromate (orange crystals).

> Another composition under the name "navazhka' was used, but now no one re-

members of what it was made.

In practice in the Russian plants in 1915, one coat of the so-called

Koch's airplane dope (nitrocellulose) was used and a.coat of No. 17 lacquer

(0il) was used along it. This Koch's airplane dope was named for Koch -- 2 j

owner of the Dorogomilovskiy plant in Moscow, evacuated from Riga in 191S. % i

; In 1918 they begin to manufacture there A-N (nitrocellulose) and Al-Ts % ’

(celluloid) airplane dopes for the first coat, and from 1924 they also manu- ;i:i

factured sccond coat airplane dope -- the light AP-k (brush) of protective §f

i coloring and pale blue (for the lower surface of airplanes). Skis for air- §

planes were absolutely original Russian products. Yu. Kremp built the first i;%

skis in the world for his airplane in 1909. The first official experiments i

with skis were conducted in the winter of 1910-1511 at a Sebastopol school %
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by Captain (junior grade) Kedrin and Lieutenant Piotrovskiy. Skis ac-

cording to their plan were manufactured by the Akstman plant. The skis

were fastened to the undercarriage wheels. The tesis were successfull.
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Designer N. R. Lobanov in 1912 proposed that the upper side of the ski

oot

runners and a large part of the cabane be enclosed in a fairing. This

om0y

was gradually accepted for all skis. He also proposed a tail stabilizer

for sk*=, eliminating lowering of their noses and replacing the guy wires.

T EOARTS AT R R U

The test. .ere successfulz, but this ideal is not accepted, since there
was no confidence in the failure-free operation of the stabilizer and the

guy wires always remained. The fairings of the upper sides of the skis

T R

were initially made of linen on a frame, and then out of thin plywood with
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glued linen and their frame became load-bearing for strengthening the un-

: dersides of the skis. The cabane, originally wooden, began to be made

] welded with steel tubing. The basic parameter, defining the dimensions

T

of the skis -- the load per 1 mz of th~ir dimensional area -- changed in
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the direction of a gradual increase. In the first skis of the times, they

TS

used 300-350 kg/m2 and the 'Muromets'" the load on the skis reachad 900 kg/az.
The relative length of the skis, i.e. relationship of their length to their

width, was from 15 in the very earliest skis up to 3 in the very largest

ones.

R

In Russian airplane building a number of examples can be observed of

g 1 wgebastopol Aviation Illustrated Journaly 1911, No. 11, 30 January
3 "To Sport !", 1913, No. 3 page 7
E ' 2 "Aero-and Automobile Life", 1913, No. 6, pp. 11-14
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the fact that the designers consistently developed a definite line of
gradual improvement of their first airplane, as a rule, acheiving posi-
tive results. This is the way the Russian designers-Gakkel', Sikorskiy,
Grigorovich and Villish progressed.

In the w.rks of Ya. M. Gakkel' (fig. 152) an exceptionally well
expressed in the development of his airplanes from type to type is visible.
The matter progressed toward development of superb reconnaissance planes --
the fuselage biplane and a strut monoplane. I. I. Sikorskiy over the three
years of his activity travelled a path from a primitive frame biplane with
a power of 15 hp up to the giant airplane "Russian Champion" and "Il'ya
Muromets" (fig. 153),a path of sequential development of the layout of a
multistrut biplane, which for those times was the only one possible for
large airplanes.

The development of the flying boats of D. P. Grigorovich (fig. 154)
went along the line of developing a three-strut biplane on the body of a
boat and was completed wi.h creation of the large MK-1 seaplane. A. Yu.

Villish developed his three flying boats well, but was hampered by the er-

roneous idea of [end of text].
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Fig. 153:

Development of the Planes of I. I. Sikorskiy
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