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Abstract
Among the equipment manufactured by
various branches of industry there is a
class of bulky heavy products Reactor

cases, turbine rotors, colomns for refine~

ries etc, are examples of these products.
At present similar caergoes are carried by
ground-water means of transportation,
which requires much delivery time, the
necessity for dividing cargoes into parts
and provigion of trans-shipment bases.
fdvantages of utilizing for these purposes
an air transportation system consisting
of airplanes with 500t cargo capacity and
helicopters capable to 1lift 250t of pay-
load are analysed, The utilization of such
a gystem shortens the delivery time up to
some days, eliminates the necessity for
dividing cargo into parts with subsequent
agsembling it and the need to provide
trans-shipment bases, speeds up installa-

tion work using crane helicopters,
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At present a characteristic feature
of the technology evolution and one of the
determining factors of the progress in
the fields of energetics, oil-gag refin-
ing, chemical industry, mineral fertilizer
production, metallurgy and some other
industrial branches of many countries are
increase in unit power of the equipment
and the desire to achieve a maximum
degree of subassemblies readiness, con-
verting the process of construction into
the process of mounting enlarged blocks
to reduce the production cost and cut the
cost price,

A systematized analysis of the demand
of our country national economy for trans-
portation of heavy, large size freight
made it possible to forecast the amount
of transportation, their routes and
overall dimensions and weights of the
equipment which cannot be delivered by
the ground means of transportation. Fig.1
gives some examples of oversized cargoes
such as reactor case of 11m in length and
300t by weight, a turbine rotor of
length and weighing 200t and other
At present heavy cargoes are

14m in
equip-
carried
of
transportation: railway, motocar and ship.

ment.
almost exclugively by ground means

Stringent limitations on cargo sizes
imposed by the railway transport, aveaila-
bility of numerous (some thousand)
bridges not allowing high loads on &xis,
presence of tunnels in some mountain regi-
ong congiderahly reduce the nomenclature
of the cargoes to be delivered by railway,
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AMONG CIVIL EQUIPMENT UNITS MANUFACTURED BY VARIOUS INDUSTRIES THERE ISA CLASS
OF QVERSIZE HEAVY PRODUCTS
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The primary drawback of Russian inner
water transport is a relatively short
period of navigation and the meridian di-
rection of its rivers.The only way of
communication between rivers of Siberia
and Far East is the North Sea way with
all difficulties of navigstion and long
duration of cargo delivery.

Use of motor transport for delivering
heavy cargoes is associated even in the
most favourable cases with the necessity
of a radical route reconstruction:
widening some road legs, strengthening
bridges providing crosses etc.In many ca-
ges there are simply no motor roads.

Becausge of large extension of sea and
river routes the actual range of deliver-
ing heavy outsize cargoes by a combined
water-motor transport exceeds the distance
between the manufacturer and the customer
along a straight line by 3-5 times.There
arises the necessity for divisgion of
especially large units into smaller parts
with subsequent assembling,arrangement of
trans-shipment bases,erection of tempora-
ry structures and roads.All these factors
significantly increase the delivery time
and cost.The stated shortcomings of tra-
ditional transport means together with
the growth of demand for shipping large
size cargoes give rise to the problem of

for
its

widening the use of air transport
similar deliveries and increasing
effectiveness.

Considered is an air transport system
involving airplanes and helicopters(Fig2).
The cargo is supposed to be delivered
from the plant-manufacturer to the nearest
airport by any suiteble transport means -
- motorcar,water or air capable of perfor-
ming vertical takeoff and landing. The
delivery of cargoes from the departure
airport to the airport of destination
would be carried out by airplanes.Cargo
transportation from the destination air-
port to the customer would be performed
mainly by helicopters,since end points
of cargo delivery routes are primarily in
low developed and almost inaccessible
regions of the country.

Transport system using aircraft and
helicopters

Fig.?2

Available transport high-payload air-
planes such as IL~-76,An-124 and An-225
(Fig.3)could be used for transportation
of heavy large size cargoes.The An-=225
with the largest cargo capacity can carry
freight weighing up to 250%.The configur-
ation of an airplane with cargo capacity
500t and takeoff weight of 1200 -
is being developed.lne of the con-

up to
1300t
cepts
Fig.4.This is an airplene with the wing
of large aspect ratio( A =7,5 - 9,0) and
external suspension of a monocargo below
the wing,which enables loading/unlocading
operations at the airfield and, if

for this airplane is presented in
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CARRYING CAPABILITY OF TRANSPORT AIRCRAFT
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necesgary,dropping it in flight without
violating the center-of-gravity position.
A multiwheel undercarriage is supposed to
be used,simultaneously the possibility of
using a cushion undercarriage is being
investigated.Installation of eight engi-

BASIC AIRCRAFT PERFORMANCE

TAKEOFF WEIGHT 1300 tons
POWER PLANT: 8 TURBOFANS
- THRUST 8 x441kN

CARGO WEIGHT 500 tons
RANGE 3000 km
GROUND SRENGTH:
- with multileg gear 6 kg/cm?
- air-cushion gear 2 kg/cm?

Fig.5
nes with thrust up to 45% each is fore-
seen.Main chearacteristics of the airplane
are tabulated in Fig.b.

Within the flight range of 300km
cargo capacity of the airplane being
developed is higher by a factor of 2 as
compared to the An-225, more than three
times superior to the An-124 and the USA

the

AIRCRAFT WITH UNDERWING MONOCARGO OF 500 TONS ARRANG:zD ON STORES

—— 1

140,0 m

21,2m

85,0 m
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WEIGHT TO RANGE CHARACTERISTICS
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C5B(Fig.6).Among production helicopters
the Mi-26,which has the highest cargo ca-
pacity could be used for transportation
of large size cargoes (Fig.7).Being in-
tended for delivering cargoes and facili-
ties weighing up to 20t it could be used
during construction of bridges, boreholes
and electric power lines in regions dif-
ficult of access. The development of an
advanced helicopter with 1lift capacity
of 50t is being carried out. It can be
created both by advances in the cargo ca-
pacity of a conventional single-rotor con-
figuration and through using several (3
or 4) lifting modules with dimensions al-
ready realized by industry.

Creating within the present state~of~-
the-art a helicopter with cargo capacity
of 200-250% is & problem of principle.

In this cage it is necessary to search
for unconventional approaches and new tec-
hnology solutions. As one of the versions
the layout of a helicopter with a large
number of main rotors-modules, forming in
total a lifting surface has been studied.
Another opportunity is the development of
a super-heavy crane-helicopter with the
main rotor driven by turbojet engines po-

positioned on the blade tips (Fig.8).

HELICOPTERS CARRYING CAPABILITY
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The following features differ the design
under consideration from a conventional
one:

- there is no primary gearbox;

- there are jet engines on blade tips;
- the fuselage has no cargo bay and its
volumes are used for fuel tanks;
there is a hingeless main rotor of

large diameter;
- the main rotor is controlled by servo-
flaps;

BUFEEHEBAVY JET CRANE — HELICOPTER
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g LOAD ON BLADE TIP
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It is known that one of the obsta-
cles in the way of creating a helicopter
with rotor jet-drive is high centrifugal
acceleration of blade tips, which compli-
cates the operation of engines. The blade
tips acceleration factors of a large dia-
meter rotor reach acceptable values

N =70(Fig.9), at which normal operation
of engines is possible. Main characterigt-
ics of the heavy jet helicopter are pre-
sented in Fig.10,.

Fig.11 shows diagrams of cargo ca-
pacity versus flight range for the produc-
tion Mi-26 helicopter and advanced XCH-62
(USA), V-50 and V=250 helicopters under
development.

BASIC HELICOPTER PERFORMANCE

TAKEOFF WEIGHT 500 tons

ENGINE NUMBER AND THRUST 5x112,75kN

CARGO WEIGHT:

- maximum 250 tons
- with 400km range 200 tons
CRUISING SPEED 210 km/h

SPECIFIC FUEL CONSUMPTION| 0,63 kg/t km

Fig. 10

WEIGHT TO RANGE CHARACTERISTICS

300
+ e v
- \\I -250
[ \
T 200 =
L&) o,
b=t —
g \\\
5 \
2 100 \
X V-50 \
& Pl \
XCH-62 .~ Bt S 1
oLiz267 =% 3 4
250 500 750 1000
RANGE , km
Pig. 11

An analysis of a route network for
transportation of bulky heavy production
equipment by an advanced air transport
system allows one to choose some main re-
gions, where traffic is the most intensive
(Fig.12).

Regions of Siberia, the North and Fer
East are characterised by widely spaced
airfields, which could be utilized as air-
ports of cargo delivery. Therefore popu~
lated points with airports could be con-
gidered as the centers of regions (six in
Fig.12), while subsequent deliveries wo-
uld be accomplighed, as was stated above,
by helicopters or ground/water transport
provided appropriate conditions exist.
Meeting the demand for transportation of
heavy bulky cargoes foreseen by the year
2000 would require 40-45 aircraft of all
types including 9 C-500 airplanes with
cargo capacity of 500t and 30-35 helicop-
ters including 12 V-250 helicopters of
250t cargo capacity. Undoubtely there ex-
igt similar needs for transportation of
heavy bulky cargoes in other countries
and it would be expedient to carry out an
analysis in order to investigate the pos-
sibilities of creating a worldwide air
transport system. Joint efforts would
make 1t possible not only to reduce the
time of creating the system, but also to
increase its economical efficiency owing
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MAJOR ROUTES FOR HEAVY-BULKY EQUIPMENT TRANSPORTATION TO SIBERIA
AND MIDDLE ASIA REGIONS

4 S @/‘;’,ogzg&”}“’ N - N

PETROPAVLOVSK~
~KAMCHATSKY
K

AROVSK

o)

_____________ MOSCOW ATYUMEN
gégouncm 10 ‘0. SJQK%uEvsHé\? Q‘% % %}%ﬁ;‘?
KEey, O SR

o o o
(o B80 OVOLGOGRAQ 4 PJ
g o YLagivosTok
g &
. g u &)
gASHzE)NT OKYQ
N
o &

coLoMBO Q

ﬁ '
f’ b .
i
@
@ POINT OF DEPARTURE 4
Ty . -
O POINT OF ARRIUAL
0 AIRPORTS

NEW YORK
PHILADELPHIA

SAN?FRRN(HSCO CHICAGOO
o
LOS BNGELES SAINT LOUIS waSHINGTON

RIO DE JANEIRO

SYDNEY
[v2d

Fig.12

to increasing the quantity of aircraft
and helicopters to be produced,

The efficiency of the advanced trans-
port system could be estimated by compa- National economy benefit of using air
rison of expenditures for its creation transportation system
and operation with those for freight deli-~
very by ground-water transport (Fig.12). :Eg%mgl ANUAL NATIONAL BCONDNY BAPENGTS
The annual expenditures shown for air . e choo coma 1T TAmrORTATION
transport incorporate investments and
operational cost.The expenditures for the
ground gystem include not only these two
cost components but also the expenditures
agsociated with the equipment reassembly
due to its division into smaller parts
and losses connected with the idle time
cargo cost because of a long period of L

NAMBER OF TRANSPORTED CARGOES PER YEAR —8550 UNITS

TRANSHOATATION

COST OF FINAL ASSEMALY

ANNUAL NATIONAL ECONOMY
BENEFIT

GPERATING COSTS

4550 BILLION OF ROUBLES

AMNUAL INVESTMENT

20-25 OILLION OF AQUBLES 2.0-25 BILLION OF ROUBLES

transportation cost in Russia appears to
be lower by a factor of two as compared
to ground-water transport and this dif-
ference in cost could be considered
beneficial for national economy.

Fig.13
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